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PREFACE. 


In  fubmitting  to  the  Public  a Work  of  confiderable  magnitude, 
the  labour  of  fome  years,  the  Authors  claim  the  ufual  indulgence  of 
pre-engaging  the  notice  of  their  Readers  with  a few  words  on  its 
plan  and  object. 

Their  intention  has  been  to  give  a faithful  and  fufficiently  detailed 
defcription  of  all  the  important  faCts  hitherto  difcovered  in  the 
fciences  of  Chemiftry  and  Mineralogy,  enlarging  more  particularly 
on  thofe  parts  which  are  of  peculiar  intereft  to  the  Manufacturer 
and  to  the  Practical  Chemift. 

Both  the  advantages  and  defeCts  of  the  form  of  a Dictionary  are 
fufficiently  felt  to  render  needlefs  any  obfervations  on  this  fubjeCt ; 
and  the  great  encouragement  which  has  been  given  in  this  and 
in  other  countries  to  this  plan  of  defcribing  the  Arts  and  Sciences, 
is  an  ample  proof  of  its  utility  and  general  acceptablenefs. 

Though  the  compafs  of  two  quarto  volumes  would  appear  to 
allow  ample  fpace  for  a compleat  defcription  of  every  branch  of  this 
fcience,  the  authors  were  convinced  that  they  ffiould  either  have 
been  cramped  in  the  parts  on  which  they  wiffied  to  enlarge,  or  have 
been  compelled  to  extend  their  work  to  an  inconvenient  length, 
without  fome  previous  feleCtion  of  the  overflowing  matter  which  lay 
before  them.  They  have  therefore  omitted  (not  as  being  lefs  in- 
terefting  in  itfelf,  but  merely  as  lefs  fuited  to  their  particular  purpofe) 
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every  thing  relating  to  Geology,  to  the  application  of  Chemiftry, 
to  Medicine  or  Phyfiology,  to  Galvanifm,  and  to  the  Hiftory  of 
the  fcience,  except  to  reclaim  the  merit  of  difcovery  in  a few 
difputed  inftances  for  thofe  to  whom  it  appeared  to  be  juftly  due ; 
and  they  have  made  it  a general  rule  to  touch  very  Rightly  on 
the  theoretical  part  of  chemiftry,  that  they  might  dwell  on  the 
practical.  To  render  their  labours  ufeful  as  a Laboratory  Guide , 
they  have  been  ftudioufly  minute  in  moft  defcriptions  of  analytical 
procefles  and  elementary  experiments,  and  they  truft  that  their 
readers  will  not  regret  the  pains  that  has  occafionally  been  taken 
to  reconcile  the  varying  refults  of  fuch  chemifts  as  Prieftley,  Klap- 
roth, Kirwan,  or  Vauquelin,  not  by  impeaching  their  general  fidelity, 
but  by  fhewing  the  inaccuracy  of  data  on  which  their  calculations 
have  been  founded. 

With  regard  to  the  defcription  of  Chemical  Arts  and  Manu- 
factures, the  intention  of  the  authors  of  this  work  is  not  (had  they 
the  means)  to  teach  their  readers  how  to  become  iron  fmelters — 
glafs-makers — foap-boilers — dyers — but  to  defcribe,  as  fully  as  they 
were  able  with  the  materials  before  them,  the  general  principles  on 
which  thefe  and  other  important  chemical  arts  are  carried  on  (with 
which  the  manufacturer  himfelf  is  often  but  imperfectly  acquainted) 
and  by  exhibiting  the  rationale  of  thefe  procefles  to  fhew  what  parts 
of  them  offer  the  moft  reafonable  probability  of  improvement. 

Some  new  or  hitherto  unpublifhed  matter  will  be  found  inter- 
fperfed  in  thefe  volumes,  and  particularly  fpecified  in  the  notes  of 
reference  to  the  refpeCtive  articles.  It  relates  chiefly  to  the  defcrip- 
tion of  certain  manufactures,  fuch  as  the  fmelting  of  copper,  iron, 
and  tin  ; the  making  of  vitriol,  common  fait,  fal  ammoniac,  and  a 
few  other  procefles,  on  which  fubjeCts  the  authors  have  been 
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favoured  with  original  communications  from  friends  on  whofe 
accuracy  they  can  fully  rely.  They  have  alfo  added  the  refults  of 
their  own  experiments  on  a few  detached  fubje&s  that  have  en- 
gaged their  attention. 

The  nomenclature  which  they  have  ufed  has  been  in  general  that 
which  is  now  become  the  vernacular  tongue  of  fcientific  chemiftry ; 
but  they  have  not  in  the  leaft  degree  fcrupled  to  blend  it  with  the 
chemical  language  of  Bergman,  Scheele,  Black,  Beaume,  and  a 
croud  of  other  excellent  chemifts,  whofe  works  are  rich  with  ever- 
valuable  fadts,  and  whofe  terms  are  {till  retained  in  {hops  and  labo- 
ratories. 

Such  is  the  work  now  offered  to  the  Public.  They  who  have 
been  engaged  in  fimilar  purfuits  will  be  able  juftly  to  appreciate 
the  labour  required  in  feledting,  arranging,  and  comparing  materials 
from  voluminous  tranfadtions  of  learned  focieties,  from  long  feries 
of  periodical  works,  and  from  the  copious  {tore  of  individual  or 
elementary  treatifes  with  which  this  fcience  abounds.  The ' original 
authorities  have  been  uniformly  reforted  to  whenever  the  authors 
have  had  accefs  to  them,  and  when  they  have  been  obliged  to 
ufe  the  medium  of  a Journal  or  Tranflation,  care  has  generally 
been  taken  to  exprefs  it  in  the  notes  of  reference.  By  this  means 
the  reader  may  readily  go  over  the  fame  ground,  and  the  Authors 
flatter  themfelves  that  fuch  an  examination  will  turn  out  favourable 
to  the  character  of  accuracy  and  impartial  fidelity  which  it  has  been 
a principal  object  with  them  to  acquire. 
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for  greyifh  clay,  read  greyifti  flag. 
for  durability,  read  ductility. 
for  unbedded,  read  imbedded, 
the  topy  for  X put  -f- 

for  meafures  read  increafes., 

for  defcends  read  afcends. 

for  or,  read  of. 

for  it  in,  read  in  it. 

for  with  azot,  read  with  hydrogen. 

for  hydrogen,  read  azot. 

for  42.32,  raw/ 40.32. 

for  it,  read  heat. 

for  return,  read  retain. 

for  ftrong  muriatic,  read  ftrong  nitro-muriatic. 
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ABS 

.Absorbents,  absorbent  earths. 

The  ancient  chemifts  were  accuftomed  to  ufe 
the  term  Abforbents  in  a general  fenfe,  to 
denote  all  the  alkaline,  and  fuch  earthy  bafes, 
as  were  capable  of  abforbing  or  neutralizing 
acids.  Chalk,  magnefia,  and  clay,  were  how- 
ever principally  diftinguilhed  by  this  name, 
both  on  account  of  their  eafy  combination  with 
acids,  and  their  mechanical  abforption  of  water, 
and  fuch  other  fluids  as  they  do  not  combine 
with.  Modern  chemiftry  has  almoft  difcarded 
the  term. 

ABSTRACTION.  Abziehen , Germ. 

The  procefs  fo  called,  confifts  in  drawing  off, 
by  diftillation,  part  of  a compound,  and  return- 
ing it  again,  oil  the  refidue  to  be  thus  diftilled 
over  any  number  of  times.  It  is  ufed  particu- 
larly in  oxydating  or  acidifying  fubftances  by 
means  of  nitrous  acid : thus,  arfenic  acid  may 
be  procured  by  abftra&ing  arfenic  with  nitrous 
/ acid. 

ACETOUS  ACID.  Add  of  Vinegar.  Adde 
Aceteux,  F.  EJJigfaure , G. 

As  this  important  acid  is,  for  the  moll  part, 
though  not  always,  the  produd:  of  a fermentation 
confequent  to  the  vinous,  and  formed  of  the 
fame  general  materials,  we  have  referred  to 
the  articles  Fermentation  and  Vinegar , the 
defcription  of  the  procefs  of  vinegar-making, 
and  the  rationale  of  this  operation,  and  the 
domeftic  ufes  of  this  acid ; we  {hall  here  there- 
fore defcribe  the  chemical  properties  of  the 
pure  acetous  acid,  with  its  varieties  and  com- 
binations. 

* Vauquelin. 
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The  phyfical  properties  of  pure  acetous  acid 
are  the  following : it  is  perfectly  clear  and 
colourlefs  as  water  ; its  fmell  and  tafte  refrefh- 
ing  and  agreeable ; and  more  or  lefs  four  and 
pungent  according  to  the  ftrength  of  the  acid. 
The  fpecific  gravity  of  common  diftilled  vinegar 
is  about  1.006,  but  when  concentrated  in  the 
method  hereafter  defcribed,  its  weight  is  much 
greater,  and  by  a particular  procefs  it  may  be 
brought  to  a folid  and  cryftalline  form. 

The  fources  whence  this  acid  may  be  pro- 
cured are  very  numerous,  more  fo  than  has 
commonly  been  fuppofed.  It  is  found  native 
in  feveral  vegetable  juices,  particularly  in  the 
sap  of  various  trees,1  and  in  that  Angular  native 
animal  acid,  the  acid  of  ANTS.b  It  is  procured 
not  only  from  vinous  fermented  liquors,  but 
from  mod  mucilaginous,  infipid,  extractive  ani- 
mal or  vegetable  matters,  when  they  turn  four 
by  fpontaneous  change.  Thus  the  moulding  of 
ftarch,  of  moiftened  flour  of  any  kind,  of  animal 
gelly,  and  even  of  urine,  and  the  fouring  of  milk, 
is  in  fome  degree  a procefs  of  acetification,  from 
the  products  of  which,  chemiftry  enables  us  to 
feparate  a certain  portion  of  this  acid,  without 
a particle  of  alcohol  (the  teft  of  vinous  fer- 
mentation) having  been  generated.  The  aCtion 
of  fire  upon  thefe  fubftances  is  a more  imme- 
diate agent  to  the  fame  effeCt,  the  valuable  ex- 
periments of  Fourcroy  having  proved  that  the 
acids  of  burnt  wood,  fugar  or  mucilage,  and 
tartar,  (commonly  termed  the  pyroligneous, 
pyromucous  and  pyrotartareous)  are  no  other 
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than  the  acetous,  holding  in  folution  a certain 
quantity  of  empyreumatic  oil. 

Laftly,  the  action  of  the  ftronger  mineral 
acids  upon  the  fame  vegetable  and  animal  mat- 
ters, tends  to  the  production  of  the  acetous 
acid,  which  is  molt  ftrikingly  illuftrated  by  the 
final  converfion  into  vinegar  of  all  the  inter- 
mediate and  native  vegetable  acids,  the  malic, 
tartareous,  gallic,  oxalic,  &c.  The  experiments 
that  prove  this  interefting  fad  we  fhall  prefently 
relate. 

Pure  acetous  acid  is  conveniently  procured 
from  common  vinegar  by  diftillation.  The  latter 
contains,  befides  acetous  acid,  a confiderable 
quantity  of  foreign  ingredients,  fuch  as  alcohol, 
and  particularly  tartar,  and  the  extradive  mu- 
cilage, which  gives  it  its  red  or  yellow  colour,  and 
caufes  it  to  mould  and  lofe  its  acid  when  long 
kept  expofed  to  warm  air.  Of  thefe  the  alcohol, 
the  water,  and  the  pure  acetous  acid,  are  the  only 
volatile  ingredients,  and  therefore  feparable  by 
diftillation.  The  diftillation  of  vinegar  is  carried 
on  in  the  large  way  by  the  druggifts,  for  general 
purpofes,  and  for  the  preparation  of  fugar  of 
lead  5 in  fome  parts  of  the  fouth  of  Prance  for 
the  preparation  of  verdigris  ;c  with  thefe  it  is  dif- 
tilled  in  a tinned  copper  veflel,  as  the  adion  of 
vinegar  upon  tin  is  but  flight.  For  the  labora- 
tory, however,  glafs  veflels  fhould  be  employed, 
or  if  the  retort  or  boiler  be  of  metal,  the  head 
or  receiver  fhould  be  of  glafs  or  earth.  The 
ftrongeft  common  vinegar  is  to  be  put  into  a 
glafs  retort  with  a receiver,  and  brought  to  boil 
on  a fand  bath.  A watery  and  flightly  acid 
vapour  firft  condenfes,  which  is  a very  weak 
acetous  acid,  and  may  be  fet  afide.  Then  the 
cliftilled  liquor  (ftill  continuing  equally  clear  and 
colourlefs,  but  a little  empyreumatic  in  fmell 
and  tafte)  becomes  more  ftrongly  acid,  and 
continues  fo  to  the  laft.  This  is  the  common 
acetous  acid  or  diftilled  vinegar.  Towards  the 
end  of  the  procefs,  the  refidue  is  very  apt  to 
acquire  and  communicate  a burnt  fmell  and 
tafte : this  is  prevented  by  carefully  regulating 
the  fire,  and,  if  it  be  worth  while,  by  adding 
to  the  liquor  in  the  retort  a little  warm  water ; 
but  when  about  five-fixths  of  it  is  diftilled,  the 
procefs  fhould  be  difcontinued.  The  refidue  is 
very  four,  of  a muddy  brown  red,  and  a ftrong 
pungent  burnt  fmell.  It  contains,  befides  the 
remaining  acetous  acid,  fome  tartar,  and  tar- 
tareous acid,  and  a flimy  vegeto-animal  matter, 
which  has  not  been  perfectly  analyfed.  By 
further  evaporation  it  becomes  thick,  tenacious, 
and  at  laft  a folk!  blackilh  extract.  On  urging 


the  fire  to  deftru£live  diftillation,  it  gives  a four 
empyreumatic  inflammable  vapour,  an  empy- 
reumatic oil,  and  ammonia.  The  coal  contains 
potafh,  mixed  with  a fubftance  which  gives 
oxalic  acid  in  cryftals  when  boiled  with  the 
nitric  acid.d  The  vapour  of  heated  vinegar,  or 
the  acetous  acid  gas,  as  it  has  been  termed,  is 
inflammable. 

The  truly  acid  part  of  the  purified  acid  is  ftiil 
mixed  with  a large  portion  of  water.  Means 
have  been  devifed  for  eondenfing  or  concen- 
trating the  acid  in  a fmaller  bulk.  Diftillation 
alone,  as  we  have  feen,  is  not  competent  to 
this  purpofe ; for,  though  fome  of  the  water 
riles  nearly  pure  juft  at  firft,  yet  it  foon  becomes 
very  four,  as  the  acid  is  almoft  equally  volatile 
by  heat  as  water. 

The  effedl  of  froft  in  concentrating  vinegar  is 
very  ftriking.  If  a quantity  of  this  acid,  dif- 
tilled or  not,  be  fet  out  in  the  air  in  winter, 
when  the  cold  is  below  about  26°  a tender  flaky 
ice  forms  in  the  liquor,  and  renders  a large 
portion  of  it  folid ; on  breaking  it,  a portion, 
ftill  fluid,  is  found  beneath,  which  is  to  be  care- 
fully drained  off  from  the  ice.  This  fluid  is 
the  acetous  acid,  concentrated  by  the  lofs  of  all 
the  frozen  part,  which  laft  is  taftelefs  or  very 
nearly  fo,  and  is  little  elfe  than  pure  water. 
A further  expofure  of  the  ftrong  acid  to  a 
fharper  cold,  will  produce  a fimilar  and  en- 
creafed  condenfation,  till  at  laft  the  procefs  mult 
be  flopped,  either  on  account  of  the  cold  not 
being  now  fufficient  to  feparate  the  water  from 
the  conftantly  ftrengthening  acid,  or  from  the 
ice  itfelf  becoming  acid.  Diftilled  vinegar  may 
be  brought  by  this  mode  of  concentration  from 
the  common  fpecific  gravity  of  1.006  to  that  of 
1.029.'  this  ftate  ^ ftifi  retains  the  phyfica! 
properties  of  the  watery  acid,  but  in  a much 
more  exalted  degree ; its  fmell  is  ftrongly  and 
agreeably  pungent ; its  tafte  fharp,  almoft  to 
caufticity  ; and  as  a chemical  agent,  it  is  much 
more  a£live  and  powerful  in  every  refpe£t. 
Common  vinegar  is  equally  ftrengthened  by 
freezing,  but  as  the  colouring  matter  chiefly 
remains  in  the  unfrozen  part,  it  becomes  more 
highly  tinged  as  the  more  condenfed. 

A more  eflfettual  mode  of  concentrating  this 
acid  is  by  previous  union  with  an  alkali,  an 
earth,  or  a metallic  oxyd,  and  bringing  it  by 
evaporation  to  a folid  confiftence.  In  fo  doing, 
all  the  fuperfluous  water  of  the  acid  is  feparated, 
and  if  the  acid  be  afterwards  expelled  from  the 
fait  by  means  of  a ftronger  affinity,  it  appears 
in  the  moft  concentrated  form  of  which  it  i* 
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Capable.  Confiderable  difference  of  opinion  has 
arifen  whether  the  nature  of  the  acid  is  effen- 
tially  changed  by  this  operation,  or  whether  it 
is  fimply  dephlegmated  to  the  higheft  degree. 
This  we  fhall  afterwards  notice,  but  we  may 
obferve  that  it  is  chiefly  to  its  union  with  me- 
tallic oxyds  that  this  quedion  applies. 

The  fird  procefs  of  this  kind  was  invented 
by  Weftendorf.  It  is  the  following  :f  faturate 
pure  diddled  vinegar  with  mild  foda,  filtre  the 
folution,  evaporate  to  a fyrupy  confidence,  and 
fuffer  the  acetited  foda  to  crydallize.  Dry  the 
fait  thus  obtained,  powder  it,  put  it  into  a 
tubulated  retort  luted  to  a large  receiver,  add 
half  its  weight  of  drong  and  quite  colourlefs 
fulphuric  acid,  and  didill  on  a fand  bath  with  a 
gentle  heat,  nearly  to  drynefs.  If  it  rifes  mixed 
with  fulphuric  or  fulphureous  acid,  redidill  it 
off  a little  clean  clay. 

This  acid,  which  the  inventor  terms  alcohol 
aceti,  or  radical  vinegar,  is  excedively  volatile  and 
pungent,  and  alfo  inflammable.  However,  it 
always  contains  fulphuric  and  fulphureous  acid, 
from  which  it  may  be  feparated  with  great  eafe, 
by  aiding  acetited  barytes,  as  long  as  any  white 
precipitate  falls  down. 

The  acid  thus  highly  concentrated  is  crydal- 
lizable  by  cold.  The  Count  de  Lauraguais  pro- 
cured it  glacial,  when  obtained  from  verdigris, 
in  the  way  we  fhall  prefently  mention  j but 
Lowitz’s  experiments  are  dill  more  curious.5 

This  chemid  fird  concentrated  common  wine 
vinegar  by  fevere  frod,  diddled  this  in  a water 
bath,  furrounding  the  receiver  with  ice,  and 
retaining  only  the  latter  portion  of  the  product, 
which  was  by  much  the  dronged.  This  lad 
he  redidilled  from  off  fome  charcoal  powder, 
to  free  it  from  empyreuma.  This  concentrated 
acid  he  expofed  to  the  intenfe  cold  at  Peterfburg, 
of — 22°  Fahr.  when  part  of  it  {hot  into  crydals, 
leaving  the  red  uncongealed.  Thefe  crydals  when 
feparated  from  the  liquor,  melted  in  a warm 
chamber,  into  an  intenfely  caudic  acid,  which 
now,  when  again  expofed  to  cold,  congealed  into 
a camphor-like  white* mafs. 

On  account  of  the  intenfe  cold  requifite  for 
this  procefs,  it  cannot  be  performed  exa&ly  in 
this  manner  in  our  climates ; but  the  author 
gives  another  method  which  anfwers  as  well. 

Mix  and  put  in  a retort  two  parts  of  dry 
acetited  foda,  with  eight  parts  of  dry  crydallized 
acidulous  fulphat  of  potafh,  and  didill  with  a 
gentle  heat.  The  procefs  goes  on  fpeedily  even 
in  a weak  fire,  and  two  parts  of  a very  drong 
acetous  acid  are  obtained.  By  this  method  no 
1 Syft,  Handbuch.  * Cr< 
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contamination  with  fulphuric  acid  is  to  be 
feared.  This  acetous  acid  in  a temperature  of 
about  38°,  or  a little  higher  than  freezing  water, 
fhoots  into  either  fine  arborefeent  feathery 
crydals,  or  elfe  into  a confufed  driated  mafs. 
It  remains  unthawed  till  about  590.  It  is  much 
dronger  than  Weftendorf ’s  vinegar,  is  inflam- 
mable when  gently  heated  and  a lighted  paper 
held  to  its  furface,  and  burns  with  a gentle  blue 
flame. 

The  acetous  acid  in  every  form,  whether  free 
or  in  combination,  is  completely  decompofed  by 
a low  red  heat,  its  acid  properties  dedroyed, 
and  it  is  reduced  into  its  condituent  parts ; or 
rather,  thefe  parts  form  new  combinations,  from 
which  the  analyfis  of  this  acid  may  be  fatis- 
fadtorily  inferred.  The  bafe  or  radical  of  the 
acetous  acid  appears  to  be  compounded  of  car- 
bon and  hydrogen,  mixed  with  a fmall  quantity 
of  azot.  Hence  it  is  that  when  the  vapour  of 
this  acid  is  palled  through  a red  hot  earthen  or 
glafs  tube,  carbonated  hydrogen,  and  carbonic 
acid  gaffes,  are  generated  in  great  abundance, 
and,  owing  to  the  prefence  of  the  azot,  a fmall 
quantity  of  ammonia  generally  appears  when- 
ever this  acid  is  expofed  to  dedruftive  diflil- 
lation.  The  combudion  in  clofe  veffels  of  the 
dry  acetites  affords  a fimilar  proof  of  the  com- 
ofition  of  this  acid.  In  an  experiment  made 
y Dr.  Higgins, h a quantity  of  acetite  of  lime, 
long  dried  in  a heat  of  21 2°,  and  giving  no 
fmell  of  acetous  acid,  was  expofed  to  a gradual 
dry  and  definitive  didillation,  in  an  earthen 
retort,  till  the  veffel  was  red  hot,  and  every- 
thing volatile  in  this  heat  was  given  out.  After 
a fmall  quantity  of  azotic  gas  had  fird  come 
over,  the  products  were  carbonic  acid  gas,  car- 
bonated hydrogen,  etherial  oil,  and  aqueous 
vapour : the  etherial  oil  paffed  off  from  the  be- 
ginning, the  carbonic  acid  throughout,  and 
the  carbonated  hydrogen  chiefly  towards  the 
end.  The  refidue  in  the  retort  confided  of 
lime  combined  with  much  carbonic  acid  (which 
ortion  therefore  had  become  fixed),  and  alfo 
lackened  with  fome  charcoal.  On  account  of 
the  variety  of  affinities  which  may  readily  be 
fuppofed  to  be  mutually  exerted  on  thefe  eafily 
combinable  materials,  at  the  impulfe  of  caloric, 
the  precife  date  and  proportion  of  thefe  in- 
gredients, as  they  exided  in  the  acid,  cannot  be 
deduced  from  the  experiment,  and  even  the 
prefence  of  oxygen  (independently  of  that  ex- 
iding  in  the  water)  would  here  be  inferred  only 
from  the  general  analogy  of  acids.  The  car- 
bonic principle  is  obvioufly  the  mod  prominent 
. Annal.  h Minutes,  & c. 
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ingredient  in  this  rough  analyfis,  appearing  in  a 
variety  of  forms,  both  feparate  and  combined. 

The  chemical  compofition  of  acetous  acid  is 
beautifully  iiluftrated  by  the  agency  of  the 
ftronger  mineral  acids,  both  upon  the  hydro- 
carbonated  bafes  of  fome  of  the  other  vegetable 
acids,  and  upon  thefe  acids  themfelves.  VVeft- 
rumb  firft  difcovered,  that  the  acids  of  tartar 
and  fugar,  when  boiled  with  nitrous  acid,  are 
converted  into  vinegar.  ' The  experiments  of 
Hermbftaedt  on  this  fubje£t  are  highly  inter- 
e l!ing  and  inftructive. 

It  had  been  difcovered  by  Scheele,  and  con- 
firmed by  others,  that  fpirit  of  wine,  when 
treated  with  nitrous  acid,  was  partially  con- 
vertible into  the  tartareous  and  oxalic,  or  fac- 
charine  acids.  Mr.  Hermbftaedt  examined 
this  point  with  more  attention.  ’ 

He  began  by  palling  oxymuriatic  acid  gas  from 
a pound  of  manganefe,  and  a pound  and  a half 
of  common  muriatic  acid,  through  a pound  of 
highly  redlified  alcohol,  which  abforbed  all  the 
gas,  and  thereby  became  enlarged  two-thirds  of 
its  bulk,  and  acquired  a ftrong  odour  of  nitrous 
ether.  This  was  diftilled  till  the  produdt  began 
to  be  acid $ the  refidue  was  faturated  with  pot- 
alh,  and  gave  by  evaporation  muriat  of  pot- 
alh  and  acetite  of  potalh.  Thus  the  produc- 
tion of  the  acetous  acid  from  fpirit  of  wine  was 
proved,  but  to  Ihew  whether  or  not  the  alcohol 
previoully  contained  any  vinegar,  further  expe- 
riments were  made.  He  took  the  gummy  re- 
fidue, left  after  the  diftillation  of  nitrous  ether, 
or  nitrous  acid  and  alcohol,  boiled  it  with  fome 
nitric  acid,  and  obtained  from  the  mixture  much 
tartareous  acid.  Seven  drams  of  this  concrete 
acid  were  then  diftilled  with  one  and  a half 
ounce  of  nitrous  acid ; the  diftilled  liquor  was 
referved,  and  the  refidue  contained  four  drams 
of  a concrete  acid,  which  was  now  no  longer 
tartareous,  but  chiefly  faccharine  acid.  On 
twice  repeating  this  procefs  with  the  fame  quan- 
tity of  nitrous  acid,  only  half  a dram  of  fac- 
charine acid  remained  in  the  retort.  All  the 
liquors  of  the  feveral  procefles  were  then  re- 
diftilled  together,  and  the  produ£t  gave  now 
only  flight  figns  of  faccharine  acid,  but  when 
faturated  with  potalh  produced  acetite  of  pot- 
alh.  Again,  on  dropping  carefully  one  part  of 
alcohol  on  three  parts  of  nitric  acid,  much  heat 
was  excited,  and  bubbles  of  gas  arofe,  which 
were  chiefly  carbonic  acid,  fmelling  ftrongly  of 
vinegar.  The  fame  chemift  varied  thefe  experi- 
ments in  the  following  manner : two  parts  of 
dry  acid  of  tartar  were  mixed  with  four  parts 
* Crells.  Chem.  Annal. 


of  manganefe,  and  three  of  fulphuric  acid,  and 
diftilled.  The  produdl  was  acetous  acid  mixed 
with  the  tartareous  : on  re-diftilling  it  on  the 
fame  materials,  no  other  than  acetous  acid  was 
now  obtained.  A fimilar  refult  was  given  by 
oxalic  acid,  manganefe,  and  fulphuric  acid. 
Without  the  manganefe  the  product  is  fulphu- 
reous  acid,  owing  to  the  partial  decompofition 
of  the  fulphuric,  mixed  however  with  the  acetous. 

The  experiments  of  Dr.  Crell  are  fo  fimilar 
to  thefe  above  related,  that  we  need  not  defcribe 
them  particularly.  In  all,  the  acetous  acid  was 
produced  in  the  way  above  mentioned,  from 
the  fame  materials. 

The  inference  from  thefe  curious  experi- 
ments is,  that  the  radical  of  the  tartareous,  and 
oxalic,  and  we  may  add  of  many  of  the  other 
vegetable  acids,  is  the  fame,  and  that  it  exifts 
in  alcohol  as  well  as  in  the  native  juices  from 
which  thefe  acids  are  obtained.  It  is  doubtlefs 
a compound  of  carbon  and  hydrogen,  in  certain 
unknown  proportions.  They  are  convertible 
into  vinegar  by  the  agency  of  the  nitrous  or  the 
fulphuric,  or  the  oxymuriatic  acid,  the  operation 
of  which  the  antiphlogiftic  theory  will  afcribe 
to  the  addition  of  oxygen,  and  perhaps  at  the 
fame  time  the  abftradlion  of  a certain  portion 
of  the  carbonaceous  principle,  which  efcapes  in 
the  form  of  carbonic  acid. 

We  proceed  to  mention  that  variety  of  ace- 
tous acid,  formerly  known  under  the  name  of 
radical  vinegar , and  in  the  modern  nomencla- 
ture termed  (by  fome  at  leaft)  acetic  acid,  in 
contradiftin&ion  to  the  acetous.  It  is  procured 
by  diftillation  of  the  metallic  acetous  falts, 
more  efpecially  the  acetite  of  copper,  or  dijlilled. 
verdigris ; though  there  is  much  reafon  to  fuf- 
pe£f  that  the  highly  concentrated  vinegar  ob- 
tained by  Weftendorf’s  and  Lowitz’s  method, 
from  the  alkaline  acetites  as  above  defcribed, 
refembles  the  radical  vinegar  in  every  effential 
particular. 

This  may  be  procured  in  various  methods : 
the  following  is  the  mod  ancient — Put  any 
quantity  of  cryftallized  verdigris  (commonly 
called  dijlilled  verdigris)  reduced  to  powder,  in 
a glafs  retort,  with  a large  glafs  receiver  •,  apply 
heat,  gradually  increafing,  till  every  thing  vola- 
tile has  come  over.  The  firft  product  is  a 
.mixture  of  carbonic  acid  and  hydrogen,  about 
one-ninth  part  of  the  weight  of  the  cupreous 
fait  then  appears  a watery  liquor  a little  {harp 
to  the  fmell,  but  prefently  it  becomes  more  and 
more  acid,  and  at  laft  exceffively  pungent  and 
cauftic,  and  of  a greenifh  hue  and  fomewhat 
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coppery  fmell.  This  is  the  true  radical  vinegar, 
which  Should  be  kept  apart  from  the  former 
produft  in  a well  clofed  bottle.  The  refidue  is 
a red-brown  oxyd  of  copper  mixed  with  char- 
coal, which  when  the  retort  has  been  made  red 
hot,  to  drive  out  the  laft  portions  of  acid, 
often  lines  the  infide  with  a cupreous  metallic- 
looking  pellicle.  This  oxyd  is  fometimes  pyro- 
phoric. 

Another  and  more  economical  procefs  is  the 
following,  given  by  M.  Badolier : k mix  equal 
parts  of  fulphat  of  copper  and  acetited  lead, 
diftill  as  the  laft,  but  with  a more  gentle  fire. 
A very  pleafant  and  extremely  pungent  radical 
vinegar  comes  over,  about  a third  of  the  weight 
of  the  ingredients  ufed. 1 No  gas,  except  the 
atmofpherical  air  of  the  veflel,  is  given  out  in 
this  procefs,  which  is  eflentially  the  fame  as 
the  former,  fince  the  perfedt  acetite  of  copper 
i3  firft  produced  by  the  mixture  of  the  two  me- 
tallic falts,  which  mutually  decompofe  each 
other,  as  foon  as  their  affinities  can  begin  to 
operate.  The  acetic  acid  procured  from  the 
falts  of  copper,  is  diftinguiffied  by  a light 
greeniffi  colour  and  a coppery  fmell,  which 
makes  an  unpleafant  addition  to  the  agreeable 
pungency  of  the  acid.  It  is  not  neceflary  to 
cryftallize  tire  verdigris  in  the  firft  procefs,  a 
folution  of  oxyd  of  copper  in  vinegar  evapo- 
rated to  drynefs,  will  anfwer  the  fame  purpofe. 
An  acid  fimilar  at  leaft  in  moft  fenfible  proper- 
ties, may  be  obtained  from  the  acetite  of  lead, 
not  indeed  by  diftillation  per  fe,  but  by  the 
addition  of  fulphuric  acid,  for  none  of  the  me- 
tallic, or  alkaline,  or  earthy  acetites,  that  have 
been  fubjedfed  to  experiment,  will  yield  their 
acid,  undecompofed  by  fimple  diftillation,  ex- 
cept the  acetite  of  copper.  Six  ounces  of  fulphuric 
acid,  added  to  twelve  ounces  of  fugar  of  lead, 
and  diftilled  with  a gentle  heat,  will  give  feven 
ounces  of  a very  concentrated  cauftic  vine- 
gar.™ In  this  however,  as  in  moft  of  thofe 
proceffes  where  the  naked  fulphuric  acid  is 
added,  the  produdf  is  contaminated  towards  the 
end  of  the  diftillation,  by  fulphureous  gas 
arifing  from  the  partial  decompofition  of  the 
acid  by  part  of  the  carbonaceous  bafis  of  the 
vinegar. 

Many  experiments  have  been  made,  and  ar- 
guments adduced,  on  the  queftion  of  the  diffe- 
rence of  the  acetic  and  acetous  acids,  but  further 
fails  are  ftill  wanting  to  enable  us  to  decide 
with  certainty.  It  appears  reafonable  that  in 
making  the  comparifon,  we  ffiould  only  con- 
fider  as  proper  acetous  acid,  fimple  diftilled 
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vinegar,  either  in  its  common  or  watery  ftate, 
or  at  moft  concentrated  by  frcft,  which  to  all  ap- 
pearance makes  no  other  change  than  that  of 
depriving  it  of  a portion  of  its  water.  The 
acid,  concentrated  by  diftillation  in  any  form 
whatever,  either  from  the  alkaline  or  metallic 
acetites,  or  by  charcoal,  or  by  the  affiftance  of 
fulphuric  acid,  may  probably  be  confidered  as 
the  acetic,  or  radical  vinegar,  in  one  variety  or 
other. 

Diftilled  vinegar,  ftrengthened  fimply  by  the 
freezing  of  its  watery  part,  differs  from  the 
acetic  acid  of  verdigris  in  the  following  fenfible 
properties  : its  fmell,  though  powerful,  is  much 
lefs  pungent  and  Stimulating,  the  vapours  of 
the  latter  being  fo  potent  as  almoft  to  fuffocate 
if  ftrongly  fnufted  up,  and  to  excoriate  the 
noftrils  and  mouth : its  tafte  Shews  the  fame 
difference  of  intenfity : its  fpecific  gravity  is 
not  eafily  raifed  higher  than  about  1.029, 
whereas  that  of  the  radical  vinegar  is  about 
1.0404.  When  both  acids  are  reduced  to  the 
fame  fpecific  gravity  by  diluting  the  radical 
vinegar,  the  above  difference  in  fenfible  pro- 
perties is  not  very  perceptible  (the  adventitious 
odour  of  copper  in  the  radical  vinegar  prepared 
from  verdigris,  always  being  put  out  of  the 
queftion)  though  fome  chemifts  afiert  that  it  is 
ftill  to  be  remarked. 

When  faturated  with  either  of  the  fixed 
alkalies,  and  brought  to  cryftallize,  the  appear- 
ance of  each  fait  is  precifely  the  fame.  If  an 
equal  quantity  of  each  be  fubmitted  to  destruc- 
tive diftillation,  the  volatile  products  are  fo 
nearly  the  fame  as  to  allow  of  no  affignable 
difference.  However,  the  quantity  of  carbona- 
ceous refidue,  according  to  Chaptal,  n is  lefs  in 
the  fait  with  acetic  acid  (or  what,  to  avoid 
confufion,  we  Shall  for  the  prefent  call  the  radi- 
cal fait),  than  in  the  acetous ; being  only  T'r 
of  the  original  weight  in  the  former,  and  -’T  in 
the  latter.  But  the  experiments  of  Darracq,  0 
conducted  in  the  fame  manner,  are  not  fo  con- 
clufive.  Neither  of  thefe  acids  have  any  adlion 
on  metallic  copper  immerfed  in  them ; the 
oxyd  of  this  metal  is  diffolved  by  both,  and 
furniffies  a fimilarly  cryftallized  metallic  fait ; 
with  this  notable  difference  however,  that  the 
radical  acid  diffolves  the  oxyd  with  much  more 
facility,  and  the  folution  cryftallizes  much 
fooner  and  eafier. 

The  acetous  acid  is  in  no  degree  changed  by 
diftillation  with  nitrous  or  oxymuriatie  acid, 
fo  that  it  does  not  appear  to  be  fufceptible  of  a 
higher  degree  of  oxygenation  whilft  in  die 
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form  of  vinegar.  ' Radical  vinegar  Is  equally  matic  oil  of  burnt  vegetable  matter,  it  forms  a 
unchanged  by  this  procefs.  p Thefe  and  other  peculiar  modification  of  this  acid,  long  known 
experiments  feem  to  decide  the  queflion,  that  under  the  name  of  pyromucous,  pyrotartareous t and 
the  difference  between  the  two  does  not  de-  pyroligneous  acids.  (For  this  fee  the  next  article, 
pend  on  a different  degree  of  oxygenation  of  the  Acetous  Acid.  ( Empyreumatic ). 
true  acid  bafe.  Common  diftilled  vinegar  has  little  more 

From  the  prefent  ftate  of  our  knowledge  on  adion  on  camphor  than  water.  The  concen- 
this  fubjed,  we  may  take  the  following  opinion  trated  acid  however  difiolves  it  pretty  largely, 
as  the  moil  probable,  namely,  that  acetous  acid,  The  camphor  is  moltly  feparable  again  by 
though  prepared  from  common  vinegar  by  dif-  water. 

tillation,  retains  a confiderable  quantity  of  a The  ftrong  acid  fparingly  difiolves  vegetable 
foluble,  mucilaginous,  or  extractive  matter,  gluten.  On  ftarch  it  has  no  operation.  Gum- 
which,  without  entering  into  the  compofition  of  arabic  and  the  other  mucilages  readily  dif- 
the  acid,  or  adually  adding  to  its  bafe,  (though  folve  in  vinegar.  A mucilage  made  with  dil- 
compofed  of  the  fame  materials)  remains  dif-  tilled  vinegar  may  be  ufed  as  a cement,  like  the 
folved  by  the  acid  into  a kind  of  faponaceous  watery  mucilages,  and  with  this  advantage,  that 
compound : that  it  ftill  adheres  to  the  acid  in  it  is  very  little  fufceptible  of  mouldinfcfs. 
its  various  alkaline,  earthy,  or  metallic  falts,  Jelly  is  firft  coagulated  by  the  affufion  of 

and  oppofes  fome  obftacle  to  their  cryltalliza-  vinegar,  and  afterwards  dilfolved. 
tion,  but  that,  when  thefe  falts  are  expofed  to  It  coagulates  the  albumen  of  milk,  blood,  and 
the  adion  of  heat,  or  of  the  flronger  acids  in  ferum,  but  does  not  diffolve  it. 
clofe  veflels,  much  of  this  extractive  matter  is  It  fhews  a little  a£tion  on  animal  gluten, 

feparated  from  the  vinegar  either  by  forming  The  ufes  to  which  the  acetous  acid  in  its 

carbonic  acid,  or  by  remaining  behind  in  a purified  ftate  is  applied,  are  not  very  numerous, 
carbonaceous  ftate,  and  the  acetous  acid  by  The  moft  important  is  in  the  manufacture  of 
this  feparation  only,  and  not  by  any  hyperoxy-  fugar  of  lead  and  verdigris.  It  is  ufed  largely  in 
genation,  becomes  converted  into  the  acetic,  or  medicine.  None  of  the  acetites,  befides  thofe  of 
radical  vinegar.  Hence  it  will  follow,  that  in  copper  and  lead,  are  employed  to  any  extent, 
verdigris  for  example,  the  acid  before  diftilla-  except  in  pharmacy  and  in  the  laboratory, 
tion  is  ftill  acetous,  but  during  this  procefs,  the  The  tefts  to  difeover  the  prefence  of  acetous 
adhering  carbonaceous  extract  turns  to  carbonic  acid  in  any  mixture,  are  not  very  obvious  or 
acid,  by  taking  oxygen  from  the  oxyd  of  copper,  dired.  If  the  fubftance  to  be  examined  con- 
which  laft  therefore  is  left  nearly  in  the  metallic  tains  the  acid  in  an  uncombined  ftate,  it  fiiould 
ftate,  whilft  the  acetous  acid  riles,  limply  freed  firft  be  faturated  with  an  alkali,  and  evaporated 
from  the  extrad  which  malked  part  of  its  acid  very  gently  to  drynefs.  Then  the  affufion  of  a 
properties,  and  appears  in  its  purer  form  of  few  drops  of  fulphuric  acid  on  a fmall  portion 
radical  vinegar.  of  the  refidue,  afiifted  by  a gentle  heat,  will 

Concentrated  vinegar  may  be  made  to  unite  difplace  the  acetous,  and  give  the  agreeable 
with  alcohol  into  a true  ether,  though  with  pungent  acid  vapour  by  which  this  latter  is 
more  difficulty  than  the  mineral  acids.  characterized.  Afterwards  if  the  quantity  of 

Diftilled  vinegar  does  not  diffolve  any  of  the  materials  be  fufficient,  the  neutral  fait  may  be 
true  reiins,  but  has  fome  adion  on  the  gum-  diffolved  out  of  the  whole  refidue,  and  cryftal- 
refins.  lized,  and  its  nature  thus  deteded  by  thofe  who 

It  difiolves  the  acrid  matter  of  plants,  fuch  as  are  (killed  in  the  practical  part  of  chemifcry. 
of  the  fquill,  meadow-faffron,  &c.  which  is  the  The  order  of  the  affinities  of  this  acid  are 
compofition  of  fome  medicinal  vinegars.  The  barytes,  potafli,  foda,  ftrontian,  lime,  ammonia, 
folution  is  made  by  digefting  the  fubftance  in  magnefia,  alumine,  and  the  metallic  oxyds,  (fup- 
ten  or  twelve  parts  of  vinegar  for  a few  days.  pofed  to  be  in  the  fame  order  as  with  the 
It  thickens  fat  oils,  and  difiolves  the  effential  fulphuric  acid.) 
in  confiderable  quantity  when  concentrated.  ACETOUS  ACID.  Empyreumatic. 

Mr.  Weftendorf  diffolved  eighty  grains  of  oil  A great  number  of  vegetable  fubftances  when 

of  rofemary  in  four  hundred  and  eighty  grains  ftrongly  heated  in  clofe  veflels,  fo  as  to  deftroy 
of  his  radical  vinegar.  Common  diftilled  vine-  their  organization  and  texture,  yield,  among 
gar  has  little  more  adion  on  thefe  oils  than  other  produds,  a coafiderable  quantity  of  a 
water.  When  mixed  with  the  brown  empyreu-  ftrongly  empyreumatic,  bitterifh,  pungent,  four 
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liquor,  which  is  always  more  or  lefs  turbid  and 
dark  coloured ; is  incapable  of  cryftallization, 
unites  with  alkalies,  earths,  and  fome  metallic 
oxyds,  forming,  for  the  moft  part,  brown  and 
foul-looking  compounds,  generally  deliquefeent. 

On  account  of  fome  little  variety  in  the  tafte, 
colour,  and  fmell  of  thefe  acids,  when  procured 
from  different  fubftances,  they  have  long  been 
diftinguilhed  from  each  other,  and  till  of  late, 
were  confidered  as  feparate  fpecies. 

They  are  the  following  : 

1 . Empyreumatic  Acid  of  Sugar , Syrupous  Acid, 
or  Pyromucous  Acid,  which  muff;  be  carefully  dif- 
tinguifhed  from  the  acid  of  fugar,  or  oxalic  acid, 
which  is  quite  another  fubltance.  The  pungent 
acid  vapour  of  fugar,  or  any  faccharine  matter 
flrongly  heated,  muft  be  familiar  to  all  who 
have  ever  entered  a fugar-baking-houfe.  Che- 
mifts  have  prepared  this  acid  in  the  following 
method : 

Put  into  a very  large  glafs  retort3  any  quan- 
tity of  pulverized  fugar,  of  any  kind,  fo  as  to 
fill  only  one-eighth  of  it,  as  the  matter  fwells 
prodigioufly  in  the  procefs ; adapt  to  it  a large 
receiver,  not  clofely  luted,  and  heat  it  gradually 
on  a fand  bath.  A vaft  quantity  of  gas  arifes 
when  the  fugar  begins  to  fcorch,  which  is  moftly 
carbonic ' acid  mixed  with  an  inflammable  gas, 
probably  the  gafeous  oxyd  of  carbon.  In  the 
receiver  is  condenfed  a weak  acid  brown  liquor, 
coloured  by  an  oily  matter,  and  alfo  apparently 
fouled  by  a portion  of  fuliginous  matter  volatil- 
ized during  the  diftillation.  The  quantity  of 
acid  obtainable  in  this  procefs,  varies  according 
to  the  regulation  of  the  fire,  which  fhould  at 
leaft  be  pufhed  fo  as  to  make  the  retort  red  hot, 
and  to  reduce  the  fugar  to  a perfect  charcoal, 
but  in  general  about  five-eighths  of  the  weight 
of  fugar  may  be  obtained  of  the  diftilled  acid. 

Gum  mucilage,  manna,  honey,  ftarch,  and 
other  mucous  or  mucofo-faccharine  fubftances, 
yield  by  diftillation  the  fame  acid  as  fugar. 

2.  Empyreumatic  Acid  of  Tartar , or  Pyrotar- 
tareous  Acid , alfo  to  be  carefully  diftinguifhed 
from  an  acid  of  fimilar  name,  but  totally  diffe- 
rent nature,  Tartareous  Acid. 

To  procure  the  pyrotartareous  acid,  diftill 
any  quantity  of  cream  of  tartar  in  a glafs  or 
earthen  retort,  as  in  the  laft  procefs.  The 
retort  here  may  be  half  full  of  the  tartar.  On 
rafing  the  fire  very  flowly,  the  firft  produce  is  a 
limpid  acidulous  fomewhat  bitterilh  water,  after 
which,  as  the  heat  increafes,  a moft  prodigious 
volume  of  the  inflammable  gas  is  given  out,  to- 
gether with  a ftronger  acid  and  more  empyreu- 
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matic  liquid,  and  at  laft  a black  oil,  and  feme 
volatile  alkali.  The  whole  quantity  of  liquid 
acid,  procured  from  tartar  in  this  method,  is 
generally  not  more  than  about  a quarter  of  the 
weight  of  the  tartar,  and  is  not  quite  fo  brown 
nor  fo  highly  empyreumatic  as  the  former 
acid. 

•3.  Empyreumatic  Acid  of  Wood , Ligneous,  or 
Pyroligneous  Acid. 

To  procure  it,  diftill  as  before,  any  quantity  of 
fhavings  of  any  kind  of  wood,  fuch  as  box,  guaia- 
cum  wood,  or  beech,  and  an  extremely  ftrong- 
fmelling  dark-coloured  empyreumatic  acid  liquor 
is  obtained,  nearly  one-third  of  the  weight  of 
the  wood.  This  acid  is  fourer,  and  alfo  much 
blacker  and  more  empyreumatic  than  the  two 
former,  probably  as  requiring  a ftronger  heat 
for  its  production.  The  acid  of  wood  is  ob- 
tained in  a large  quantity  near  London,  from 
the  preparation  of  charcoal  for  gunpowder,  by 
diftilling  wood  in  caft-iron  cylinders.  It  ftains 
the  hands  deeply,  and  wood  indelibly. 

The  three  varieties  of  empyreumatic  acid  above 
mentioned,  are  all  capable  of  very  confiderable 
purification  by  eafy  methods,  and  in  proportion 
as  they  become  purer,  they  lofe  their  empy- 
reuma,  their  peculiar  tafte  and  fmell  (and  con- 
fequently  their  charaCteriftic  differences)  till  at 
laft,  when  brought  into  the  moft  concentrated 
ftate  by  fome  of  the  methods  in  which  vinegar 
is  dephlegmated,  they  all  exhibit  the  characters 
of  acetous  acid  in  fo  unequivocal  a manner  that 
no  doubt  can  now  be  entertained  of  their  identity. 

The  varieties  in  the  empyreumatic  vegetable 
acids,  were  long  ago  thought  to  be  accidental,, 
and  they  had  been  referred  to  a common  origin 
of  a vegetable  nature  *,  but  it  is  to  one  of  the 
many  valuable  feries  of  experiments  with  which 
Meffrs.  Fourcroy  and  Vauquelin  have  emnehed 
the  chemiftry  of  organized  bodies,13  that  we 
owe  the  complete  elucidation  of  this  queftion. 

Simple  rectification  or  re-diftillation  in  a very 
gentle  heat,  and  flopping  the  procefs  when  the 
liquor  at  laft  comes  over  much  coloured,  will 
purify  to  a very  great  degree  the  pyromucous 
and  pyroligneous  acids  : the  latter,  by  this  pro- 
cefs, from  being  a dark  coffee-colour,  affumes 
the  hue  of  very  pale  clear  brandy.  However  on 
long  expofure  to  light,  it  again  becomes  brown, 
for  it  retains  its  empyreumatic  character  more 
obftinately  than  the  others.  Charcoal,  newly 
burnt  and  powdered,  has  a great  effeCf  in  puri- 
fying all  thefe  acids : they  may  be  either  gently 
diftilled  off  it,  or  even  merely  filtered  through, 
a ftratum  of  it.  But  the  moft  effectual  method 
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of  purification  is  by  uniting  thefe  acids  with 
lime,  or  a fixed  alkali,  evaporating  to  drynefs, 
and  then  expelling  the  acid  by  means  of  the 
fulphuric,  in  the  fame  manner  as  the  concen- 
trated vinegar  is  prepared.  The  acid  vapour 
that  rifes  in  this  procefs,  has  now  loft  its  em- 
pyreuma  almoft  entirely;  has  both  the  ftrength 
and  the  potent  odour  of  radical  vinegar ; when 
again  united  to  potafti  forms  acetited1  potaffi, 
which  may  be  obtained  white  by  repeated  crys- 
tallization, or  by  charcoal  powder,  and  in  fhort 
is  perfect  acetous  acid. 

The  purified  acid  of  wood  has  even  been 
employed  by  Mr.  Goetling,  for  the  preparation 
of  an  acetous  ether. 

It  has  been  mentioned  that  the  colouring  and 
flavouring  matter  in  all  thefe  acids  produced  by 
fire,  wherein  they  differ  from  the  acetous  acid, 
is  an  empyreumatic  oil  of  greater  or  lefs  inten- 
fity  in  tafte  and  fmell,  which,  as  well  as  the 
acetous  acid,  is  generated  by  the  firfe,  and  rifes 
along  with  it,  particularly  towards  the  latter 
end  of  the  procefs  of  diftillation,  when  the  fire 
is  increafed.  Acetous  acid  then  is  a folvent  for 
the  dark-coloured  empyreumatic  oil  of  vege- 
table matter,  and  as  a fatirfa&ory  proof  of  this, 
the  above-mentioned  French  chemifts  fucceeded 
in  diflolving  the  oil  in  pure  acetous  acid,  both 
by  diftillation,  and  more  Amply  by  merely 
fhaking  them  together  and  digefting  for  a fhort 
time,  and  thus  produced  an  artificial  empyreu- 
matic acid , fufficiently  refembling  thofe  formed 
by  deftruftive  diftillation. 

The  important  combinations  of  thefe  acids 
are  fo  much  identified  with  the  acetites  that 
they  may  be  deferibed  together. 

The  pyroligneous  acid  alone  is  procured  in 
fuch  a quantity  as  to  be  an  obje£I  for  manu- 
facture. At  the  beft  it  is  only  an  inferior 
acetous  acid,  and  the  difficulty  of  purifying  it 
will  forbid  its  profitable  ufe  in  many  of  the  arts 
to  which  vinegar  is  applied.  However,  as  the 
procefs  for  procuring  radical  vinegar  at  the 
fame  time  purifies  this  empyreumatie  acid,  it 
may  probably  be  ufed  for  this  purpofe. 

We  ma,y  add  that  much  of  the  acid  from  the 
diftilled  charcoal  for  gunpowder,  near  London, 
is  employed  by  calico-printers  in  forming  the 
acetited  iron,  ufed  as  a mordant,  as  here  the 
colour  and  fmell  of  the  acid  are  in  no  way 
detrimental. 

ACETITES.  We  ffiall  here  deferibe  the 
falts  formed  by  the  union  of  the  acetous  acid 
with  the  feveral  alkaline  and  earthy  bafes. 


Acetite  of  Potash,  formerly  Terra  foliata 
Tartari.  Dig  five  Salt  of  Sylvius.  Diuretic  Salt. 
Regenerated  Tartar. 

Much  pains  have  been  taken  to  prepare  this 
fait  for  medicinal  purpofes,  as  it  is  one  that 
demands  great  nicety  of  attention  to  be  obtained 
perfectly  white  and  pure. 

Take  any  quantity  of  pure  carbonated  pot- 
afti,2 boil  it  very  gently  with  four  or  five  times 
its  weight  of  diftilled  vinegar  added  gradually 
on  account  of  the  effervefcence ; evaporate  by 
flow  ebullition,  adding  afreflt  diftilled  vinegar, 
till  no  more  effervefcence  is  excited.  Then 
evaporate  the  whole  flowly  to  drynefs.  A 
browniffi  uncryftallized  fait  remains.  This  is 
the  acetited  potafh  in  its  common  ftate  of 
purity,  fufficiently  fo  indeed  for  all  medicinal 
purpofes  ; but  if  it  be  required  perfeCUy  white, 
it  is  then  to  be  melted  without  addition  in  its 
own  water  of  cryftallization,  for  a few  minutes, 
over  a moderate  fire.  This  at  firft  makes  it 
darker  coloured,  and  feparates  a black  carbona- 
ceous matter.  Then  re-diffolve  the  impure  fait 
in  warm  water,  and  filter  through  paper.  This 
folution  fhould  now  be  limpid,  the  colouring 
matter  being  left  behind.  Evaporate  this  folu- 
tion to  drynefs,  very  flowly,  in  a glafs  or 
earthen  pan,  with  frequent  ftirring,  and  the  re- 
maining fait  will  be  nearly  white,  and  is  the 
pure  acetited  pot-affi.  This  is  a very  tedious 
procefs,  as  one  pound  of  the  alkali  will  require, 
during  the  evaporation,  nearly  twenty  pounds 
of  vinegar  to  keep  up  the  ftate  of  perfeCt  fatu- 
ration,  the  reafon  of  which  is,  that  much  of 
the  acid  itfelf  flies  off  with  the  heat,  fo  that  the 
vapours  of  this  folution  fmell  like  thofe  of  mere 
vinegar.  Though  both  the  alkali  and  acid  be 
as  pure  as  can  well  be  taken,  the  firft  evapo- 
ration to  drynefs  always  leaves  the  fait  brown, 
except  it  be  conduced  at  the  laft  in  the  follow- 
ing manner : when  the  folution  is  of  a fyrupy 
confidence,  continue  to  evaporate  with  great 
care,  and  in  proportion  as  the  fait  feparates 
from  the  folution,  take  it  out  with  a glafs  or 
filver  fpoon,  till  almoft  all  of  it  is  thus  obtained. 
This  will  be  white.  Mr.  Lowitz  alfo  has  found 
that  an  addition  of  powdered  charcoal  renders 
the  folution  limpid,  and  the  fait  refulting  from 
it,  white.  The  precife  effe£b  of  the  flight  cal- 
cination, or  rather  aqueous  fufion,  in  purifying 
the  fait,  is  not  eafily  determined,  but  as  it  is 
attended  with  a rapid  lofs  of  the  acid,  it  fhould 
not  be  continued  a moment  longer  than  ne- 
ceflary. 
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A much  better  and  more  expeditious  method 
is  to  employ,  inftead  of  common  diftilled  vine- 
gar, the  fame,  concentrated  by  freezing. 

The  radical  vinegar  is  ftill  better,  but  more 
expenfive. 

This  fait  has  a {harp  fomewhat  pungent  tafte  ; 
it  appears  generally  as  a Ihining  foliated  mafs 
(whence  its  ancient  name  foliated  earth ) but  by  a 
flow  evaporation  it  may  be  brought  to  cryftallize 
even  from  the  common  folution,b  and  much 
more  readily  when  prepared  with  radical  vine- 
gar. When  cryftallized  it  appears  in  thin  com- 
prefied  laminae.  It  is  very  deliquefcent  in  the 
air,  fo  that  it  rnuft  be  preferred  in  well  clofed 
bottles.  It  is  foluble  in  nearly  its  own  weight 
of  water  at  a moderate  temperature.  Twice  its 
weight  of  boiling  alcohol  diflolves  it  completely 
when  pure.  It  cryftallizes  without  much  diffi- 
culty from  the  hot  faturated  folution. 

Diftilled  per  fe,  it  gives  no  acetous  acid, 
but  is  chiefly  refolved  into  carbonated  hydro- 
gen, carbonic  acid,  and  empyreumatic  oil, 
along  with  fome  ammonia ; the  refidue  is  car- 
bonated potaffi.  A folution  of  this  fait  long  ex- 
pofed  to  the  air,  moulds,  lofes  its  acid,  and  is 
finally  refolved  into  little  elfe  than  carbonated 
potaffi.  The  uncertain  quantity  of  water  in 
acetous  acid,  makes  it  difficult  to  eftimate  the 
exa£t  proportions  of  ingredients  in  this  fait ; 
according  to  Wenzel,  it  is  in  the  dry  fait  as 
i of  alkali  to  .996  of  concentrated  or  real  acetous 
acid.  Dr.  Higgins c found  that  four  ounces 
troy  (or  1920  grains)  of  pure  fait  of  tartar, 
required  for  faturation  1900  grains  of  the  ftrong 
acetous  acid  of  1.068  fpecific  gravity  (prepared 
on  Weftendorf’s  plan,  by  diftilling  acetited  pot- 
affi with  fulphuric  acid)  and  by  evaporation 
even  at  a heat  below  boiling  water,  and  not 
puffied  to  drynefs,  he  calculates  the  alkali  to 
part  with  no  lefs  than  572  grains  of  the  acid, 
in  becoming  the  cryftallized  terra  foliata. 

Acetite  OF  Soda.  (Terra foliata  cryflallizata.) 

The  preparation  of  this  fait  is  eafier  than  the 
laft.  To  obtain  it,  faturate  diftilled  vinegar 
with  carbonat  of  foda,  and  evaporate  with  a 
moderate  heat.  If  dried  rather  haftily,  the  fait 
is  brown,  but  if  the  evaporation  be  flopped 
when  the  liquor  is  of  a fyrupy  confiftence,  and 
cooled  quickly,  fine  long  fpicular  or  ftriated 
bundled  cryftals  are  obtained,  which  are  not 
deliquefcent,  but  in  a warm  air  fall  to  powder. 
According  to  Wenzel,  the  alkali  is  to  the  acid 
as  1 : 1.528  in  the  dry  fait,  and  the  cryftallized 
contains  45.4  of  water.  It  is  foluble  in  about 
twice  its  weight  of  boiling  alcohol. 


The  tafte  of  this  fait  is  fomewhat  acrid  and 
bitter.  Diftilled,  it  gives  nearly  tire  fame  pro- 
ducts as  the  acetite  of  potaffi,  only  the  acetous 
acid  is  not  quite  fo  much  decompofed. 

Acetite  of  Ammonia.  ( Spirit  of  Mitidere- 
rus.)  This  fait  is  feldom  feen  but  in  a liquid  ftate, 
and  is  ufually  made  by  adding  diftilled  vinegar 
to  carbonated  ammonia,  to  faturation.  About 
a pint  of  the  vinegar  is  required  to  faturate  half 
an  ounce  of  the  alkali.  It  is  difficult  to  procure 
this  fait  in  a cryftalline  form,  as  both  the  in- 
gredients are  nearly  equally  volatile,  and  rife 
with  the  watery  vapour  on  the  application  of 
heat.  However,  by  evaporating  confiderably 
this  folution,  and  fuffering  it  to  cool  in  a dry 
cold  place,  fome  cryftals  may  be  obtained  of  a 
needled  form,d  though  at  the  expence  of  a large 
portion  of  the  fait,  which  is  wafted  by  the  eva- 
poration. Hence  it  is  more  economical  for  this 
purpofe  to  begin  by  ufing  the  concentrated 
vinegar. 

Another  method  is  by  fublimation,  as  obferved 
by  Laflone.e  The  procefs  is  the  following  : put 
in  a large  retort  equal  parts  of  muriated  am- 
monia and  chalk,  previoufly  mixed  together } 
pour  on  it  the  fame  quantity  of  radical  vinegar, 
and  diftill  with  a gentle  heat.  An  aqueous 
liquid  firft  rifes,  then  a copious  white  vapour, 
which  prefently  condenfes  in  the  receiver,  in  a 
fine  feathery  or  needled  form.  This  is  the  cryf- 
tallized acetite  of  ammonia. 

The  liquid  fait  is  made  economically,  and  of 
confiderable  ftrength,  by  the  following  procefs 
of  Lowe,f  in  which  a mutual  decompofition  of 
muriated  ammonia  and  acetited  potaffi  takes 
place.  Saturate  four  ounces  of  carbonated  pot- 
affi with  diftilled  vinegar,  and  evaporate  the 
folution  to  the  bulk  of  thirty-fix  ounces ; add  to 
this  two  ounces  of  muriated  ammonia,  and  diftill 
the  whole  in  a gentle  fire.  The  diftilled  liquid 
is  the  acetite  of  ammonia.  It  is  obvious  that 
this  might  readily  be  made  more  concentrated 
if  required.  The  tafte  of  this  fait  is  much  like 
the  preceding,  but  with  fomething  peculiar. 

According  to  Wenzel,  120  parts  of  concrete 
carbonat  of  ammonia  require  for  faturation  229! 
of  radical  vinegar  ; and  eftimating  the  real  alkali 
of  the  ammoniacal  carbonat  at  about  40  in  120, 
the  proportion  of  real  acetous  acid  to  the  alkali  in 
this  fait  will  be  240  : : 244.  This  fait  is  readily 
foluble  in  alcohol. 

Acetite  of  Lime.  Lime  is  entirely  foluble 
in  acetous  acid  *,  chalk  eafily ; pure  lime  with 
difficulty.  The  folution  is  yellowiffi,  and  has  a 
ffiarp  and  bitteriffi  tafte.  By  gradual  evapora- 
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tion  it  leaves  a fpicular  crystalline  mats  : a fome- 
v/hat  greater  heat  makes  it  rife  up  in  cauli- 
flower-like knobs.  Left  to  fpontaneous  evapo- 
ration, it  gives  beautiful  filky  crystals,  which 
molt  remarkably  climb  up  the  veflel  in  an  ele- 
gant arborefcent  plumage  of  cryftals,  efpecially 
on  the  fide  expcfed  to  the  light.  This  fait  is 
very  foluble  both  in  water  and  alcohol.  Accord- 
ing to  Wenzel,  the  proportion  of  acid  to  the 
earth  is  as  240  : : 145. 

Acetite  of  Barytes.  Carbonated  barytes, 
procured  in  the  method  defcribed  under  the 
article  Barytes , is  readily  foluble  in  diftilled  vine- 
gar. The  folution  ilowly  evaporated  affords  filken 
fpicular  cluttered  cryftals.  This  fait  is  not  de- 
liquefcent,  has  a bitterifh  tafte,  difl'olves  in  12 
parts  of  cold  water,  and  about  if  of  boiling 
water,  according  to  Buckholz.s  This  is  a very 
ufeful  fait  as  a re-agent  to  free  radical  vinegar,  or 
any  other  kind,  from  fulphuric  and  fulphureous 
acid,  with  which  as  it  is  often  prepared,  it  is 
liable  to  be  mixed.  It  entirely  precipitates  the 
foreign  acid,  and  adds  no  other  fpecies. 

Acetite  of  Magnesia.  Carbonated  mag- 
nefia  readily  diffolves  in  this  acid.  The  folution 
dries  to  a fweetith,  bitter,  greafy  uncryftallizable 
mafs,  very  deliquescent,  and  readily  foluble  in 
alcohol.  Wenzel  gives  the  proportions  of  earth 
and  acid  to  be  as  123I  : 120. 

Acetite  of  Strontian.  This  has  a fweetifh, 
and  afterwards  a bitter,  tafte.  It  is  fcarcely 
known. 

Acetite  of  Alumine.  This  earth  is  fcarcely 
foluble  by  diredl  combination,  except  by  long 
boiling,  when  by  evaporation  it  leaves  a whitifh 
uncryftallizable  mafs.  It  is  obtained  by  double 
affinity,  efpecially  by  the  mixture  of  alum  with 
acetited  lead.  This  forms  a moft  important 
mordant  for  the  calico-printers,  and  is  the  only 
one  of  the  earthy  or  alkaline  acetites  at  all  ufed 
in  manufadlure. 

Acetited  Metals.  (For  thefe  fee  the  re- 
spective metals.) 

We  fhall  add  a few  of  the  more  ufeful  double 
affinities  fubfifting  between  the  acetites  and  fome 
of  the  other  alkaline  and  earthy  falts,  where  an 
acetite  may  be  conveniently  made  by  double 
decomposition,  as  for  inftance,  in  forming  ace- 
tited foda  by  the  mixture  of  fulphat  of  Soda  and 
acetite  of  lime.  We  fhall  only  give  thofe  in 
which  the  newly  formed  acetite  remains  in 
folution,  and  the  other  compound  is  moftly 
precipitated,  either  cn  mixture  or  at  leaft  after 
moderate  evaporation. 

• Syft. 


Acetited  Potaih  is  decompofed  by  the  fulphat 
of  magnefia,  and  by  alum. 

Acetited  Lime  is  decompofed  by  the  fulphat* 
of  potafh,  foda,  ammonia,  and  magnefia,  by  alum, 
and  by  all  the  alkaline  and  earthy  phofphats. 

Acetited  Barytes  is  decompofed  by  all  the 
fulphats. 

Acetited  Lead  is  decompofed  by  all  the  alka- 
line and  earthy  fulphats,  and  by  the  muriats. 

For  the  other  affinities  of  the  acetites  fee  the 
Appendix. 

ACID.  Saure , G. 

All  thofe  fubftances  which  imprefs  the  organs 
of  tafte  with  a Sharp,  four,  and  cooling  fenfa- 
tion,are  in  common  language  denominated  Acid. 
Both  Nature  and  Art  prefent  us  with  many  of 
thefe  bodies,  a few  of  which  poflefs  this  cha- 
racter in  fo  faint  a degree  as  to  be  fcarcely  per- 
ceptible, while  others  are  fo  ftrongly  corrofive, 
as  to  require  large  dilution  with  water,  before 
they  can  be  fafely  applied  to  the  living  animal 
organs.  From  the  power  which  acids  have  of 
combining  with  and  difSolving  almoft  all  bodies, 
they  are  of  firft-rate  importance  and  very 
extenfive  application  to  the  various  proceffes 
carried  on  in  the  laboratory : hence  they  very 
early  engaged  the  attention  of  chemifts,  and 
have  to  the  prefent  time  been  the  fubje&s  of  more 
experiments  than  perhaps  any  other  fubftances. 

Acids,  according  to  the  corpufcular  theory, 
which  explained  all  chemical  phenomena  by 
the  mechanical  adbion  of  the  ultimate  particles 
of  bodies,  were  confidered  as  a genus  of  falts 
compofed  of  minute  and  Sharp  fpiculae,  which 
readily  penetrated  into  the  minute  pores  of  the 
fubftances  expofed  to  their  aCtion,  and  thus 
Separated  their  component  parts  from  each 
other,  while  at  the  fame  time  the  acid  became 
neutralized  by  having  its  points  ffieathed  in  the 
pores  of  the  body  with  which  it  was  mixed. 
The  weaknefs  however  of  this  theory  was  de- 
monstrated by  Boyle,  and  by  Stahl,  in  his  work 
on  falts  ; and  the  Solvent  power  of  acids  was 
reduced  by  Macquer  and  his  contemporaries  to 
the  general  laws  of  chemical  affinity. 

A ftriking  fault  of  the  ancient  chemifts  was 
their  difpofition  to  fyftematize  and  draw  general 
conclufions  from  a few  and  incorreCt  experi- 
ments: hence  they  fuppofed  that  all  combuftible 
bodies  were  indebted  for  their  common  pro- 
perties to  the  prefence  of  a combuftible  ele- 
ment, called  by  them  phlogifton  or  fulphur. 
In  all  the  fpecies  of  metals  they  recognized  a 
common  metallic  principle,  under  the  name  of 
mercurial  earth  $ fo  alfo  they  imagined  that 
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there  exifted  an  univerfal  fallne  element  or  prin- 
ciple of  acidity  common  to  all  acids.  Beecher 
aflirmed  this  acid  principle  to  be  compofed  of 
water  and  earth,  and  therefore  not  entitled  to 
rank  as  an  element.  Stahl  was  induced  to 
believe  that  the  fulphuric  acid  was  the  original 
one,  of  which  all  the  reft  were  only  modifi- 
cations. A fimilar  opinion  was  held  by  Sage 
and  Landriani,  except  that  the  former  fuppofed 
the  phofphoric,  and  the  latter  the  carbonic,  to 
be  the  elementary  acid.  The  difeovery  of 
oxygen  gas  in  1774,  by  Dr.  Prieftley,  offered  a 
new  and  moft  important  fubftance  to  chemical 
inveftigation,  which  at  length  led  to  an  entire 
change  in  the  theory  of  the  formation  of  acids. 
The  illuftrious  Lavoifier,  in  1778,  prefented  to 
the  Royal  Academy  of  Sciences  at  Paris,  a 
memoir  on  the  acid  of  fugar,  in  which,  after 
describing  the  method  of  preparing  this  acid 
from  fugar  and  nitric  acid,  he  concludes  that 
the  converfion  of  the  nitric  acid  into  nitrous 
gas,  is  occafioned  by  the  lofs  of  a portion  of 
oxygen,  abftrafted  from  it  by  the  fuperior 
affinity  of  the  fugar,  which  laft,  in  confequence 
of  its  combination  with  oxygen,  acquires  the 
characters  of  an  acid.  The  fame  able  chemift 
difeovered  foon  after,  that  phofphorus,  Sulphur, 
and  charcoal,  when  inflamed  in  oxygen  gas, 
combine  with  the  bafe  of  this  air,  acquire  an 
additional  weight,  equal  to  that  of  the  gas 
which  difappears,  and  are  Severally  converted 
into  the  phofphoric,  fulphuric,  and  carbonic 
acids.  Induced  by  thefe  fa£ts,  he  proceeded  to 
generalize  the  inferences  drawn  from  them, 
and  maintained  that  the  bafe  of  oxygen  gas  was 
the  univerfal  acidifying  principle,  which  by 
combining  with  Ample  or  compound  combufti- 
bles,  produced  the  various  fpecies  of  acids. 
This  explanation  has  been  generally  acquiefced 
in,  though  fome  obje&ions  to  it  have  lately 
been  brought  forward,  founded  upon  the  ana- 
lyfls  of  the  Pruffic  acid,  which  appears  to 
confift  folely  of  hydrogen,  carbon,  and  azot. 
The  claim  however  of  this  fubftance  to  the 
chara£ter  of  an  acid  is  very  equivocal,  as  it 
neither  taftes  four,  nor  alters  vegetable  colours. 
With  equal  or  even  fuperior  propriety  might 
Sulphuretted  hydrogen  be  placed  in  the  lift,  as 
indeed  it  has  lately  been  done  by  fome  German 
chemifts,  under  the  name  of  the  hydrothionic 
acid. 

Although  every  combuftible  body  is  capable 
of  uniting  with  oxygen,  it  is  not  neceffarily  an 
acidifiable  bafe ; nor  does  this  appear  at  all  to 
depend  on  the  inability  of  the  bafe  to  combine 
with  a Sufficiently  large  proportion  of  oxygen. 


for  hydrogen  when  Saturated  with  a larger  pro- 
portion of  oxygen  than  is  required  for  any  acid, 
produces  only  water.  The  developement  of  an 
acid  is  by  no  means  to  be  confldered  as  an  evi- 
dence of  the  compleat  Saturation  of  its  bafe  with 
oxygen,  there  being  Several  acids  capable  of 
combining  with  additional  quantities  of  this 
principle,  and  thence  acquiring  new  and  more 
decided  acid  characters.  It  is  even  fuppofed 
that  fome  bafes  may  be  acidifted  in  three  feveral 
degrees,  preferring  in  each  diftinCt  Specific  cha- 
racters; hence  refults  an  important  arrangement 
of  thefe  bodies  as  they  are  acidified  in  the  firft, 
Second,  or  third  degree.  The  reformed  che- 
mical nomenclature  has  ingenioufly  diftinguiffied 
thefe  ftates  by  the  terminations  ous,  and  ic,  and 
the  prefix  oxy  (for  oxygenated).  Thus  fulphur 
at  the  loweft  ftate  of  oxygenation  at  which  it 
acquires  acid  properties,  is  called  fulphureous 
acid ; when  (till  further  oxygenated,  it  becomes 
fulphuric  acid : thus  alfo  muriatic  acid,  when 
raifed  to  its  higheft  ftate  of  oxygenation,  takes 
the  name  of  oxymuriatic  acid. 

The  charaCteriftic  properties  of  acids  are  the 
following : * 

1 . When  taken  into  the  mouth  they  occaAoa 
a four  tafte. 

2.  They  change  certain  vegetable  blue  co- 
lours to  red,  fuch  as  tindure  of  litmus,  or 
fyrup  of  violets  ; and  reftore  the  blue  colours 
which  have  been  turned  green,  or  the  red  co- 
lours which  have  been  turned  blue,  by  an  alkali. 

3.  They  have  a Stronger  affinity  for  alkalies 
than  thefe  have  for  any  other  fubftance. 

4.  They  unite  with  earths,  with  alkalies,  and 
metallic  oxyds,  forming  the  numerous  and  very 
important  claffes  of  neutral,  earthy,  and  metallic 
falts. 

The  old  chemifts  divided  acids  into  mineral, 
vegetable,  and  animal,  according  to  their  fup- 
pofed origin  ; this  however  is  not  only  an  incon- 
venient, but  an  an  incorre£t  method  of  arrange- 
ment, as  many  of  thefe  bodies  are  found  in 
all  the  three  natural  kingdoms.  Perhaps  the 
following  is  as  good  a way  as  any  other  of 
exhibiting  their  names  and  compofition. 


I.  Acids 
Sulphur  . . . 

Azot 

Phofphorus  . . 

Carbon  .... 
Molybdena  . . 


with  Ample  radicals. 

{1.  Sulphureous 
2.  Sulphuric 
"3.  Nitrous 
4.  Nitric 

5.  Phofphoreous 

6.  Phofphoric 

7.  Carbonic 

8.  Molybdic 
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Tung  ft  en 
Chrome 

Arfenic 


{ 


9.  Tunftic 

10.  Chromic 

11.  Arfenious 

12.  Arfenic 


II.  Acids  with  double  radicals. 

13.  Acetous 

14.  Acetic 

15.  Tartareous 

16.  Citric 

17.  Oxalic 

18.  Malic 

Carbon  and  J 19.  Gallic 

Hydrogen  ' 20.  Benzoic 

21.  Succinic 

22.  Lactic 

23.  Mucous  or  Sacchola£tic 

24.  Camphoric 

25.  Suberic 


III.  Acids  with  triple  radicals. 
Carbon,  Azot,  f^.Sabacic? 
and  Hydrogen.  1 *£  %££  Lithic 


IV.  Acids  with  unknown  radicals. 

29.  Muriatic 

30.  Oxy-muriatic 

31.  Fluoric 

32.  Boracic 


V.  Compound  Acids. 

33.  Nitro-muriatic  (Nitric  & 

Muriatic) 

34.  PyrO-mUCOUS  'j  Acetic  & 

35.  P — tartareous  VEmpyreu- 

36.  P—  ligneous  J matic  0‘h 

37.  Formic  (Malic  & Acetic 

VI.  Dubious  acids. 

38.  Laccic 

39.  Bombic 

VII.  Acids  deftitute  of  Oxygen. 

40.  Pruffic  (Hydrogen,  Car- 

bon, and  Azot) 

41.  Hydrothionic  (Sulphur  & 

Hydrogen) 


ACID-HOLDER.  An  article  of  chemical 
apparatus,  fee  Appendix,  No.  1.  at  the  end  of 
Vol.  ii. 

ACIDIFIABLE  BASE. 

An  acidifiable  bafe  is  any  fubftance,  whether 
fimple  or  compound,  that  is  capable  of  uniting 
without  decompofition  with  fuch  a quantity  of 
oxygen  as  thereby  to  acquire  acid  properties. 
The  term  itfelf  was  unknown  in  chemiftry  pre- 
vioully  to  the  difcoveries  of  Lavoifier  on  the 


compofition  of  acids  •,  becaufe  thofe  bodies  that 
are  now  proved  to  be  convertible  into  acids,  by 
combination  with  oxygen,  were  fupported  by 
Stahl,  and  his  followers,  to  be  already  acids 
united  with  phlogifton.  Thus  fulphur,  which 
according  to  the  prefent  theory  is  a chemical 
element,  and  capable,  by  combination  with 
oxygen,  of  being  converted  into  fulphuric  acid, 
was  by  the  Staldians  confidered  as  a compound 
of  fulphuric  acid  and  phlogifton. 
ACIDULOUS. 

This  term  is  employed  to  exprefs  in  general 
a flight  degree  of  acidity,  or  an  excefs  of  acid 
in  a compound  fait : hence  fulphat  of  potafh, 
with  excefs  of  acid,  is  called  acidulous  fulphat  of 
potafli,  or  fuper-fulphat  of  potafh.  The  reverfe 
of  this  quality,  or  an  excefs  of  alkali  in  the 
compofition  of  neutral  falts,  is  ufually  denoted, 
by  the  prefix  fub.  as  fub-borat  of  Soda  (common 
Borax). 

ACIDULUM.  Acidule.  Fr. 

This  is  a name  which  is  given  in  the  new 
nomenclature  to  a genus  of  native  vegetable 
falts,  confiding  of  potafh  fuperfaturated  with 
an  acid.  We  are  at  prefent  acquainted  with 
two  fpecies,  the  tartareous  acidulum,  or  acidu- 
lous TARTRITE  of  potafh,  and  the  oxalic  acidulum 
or  acidulous  OXALAT  of  potafo. 

ACRID  MATTER  OF  PLANTS. 

The  peculiar  biting  acrid  tafte  poffefled  by 
feveral  of  the  vegetable  tribe,  has  been  fuppofed, 
though  with  little  probability,  to  be  a diftin£t 
principle,  in  general  eluding  chemical  refearch; 
and  not  a mere  quality  of  certain  known  parts, 
fuch  as  eflential  oil. 

The  acrid  matter  may  be  extra£led  in  moft 
inftances  by  water,  or  weak  acids,  or  alcohol. 
It  forms  the  balls  of  feveral  preparations  in 
pharmacy.  The  vinegar  of  fquills  is  an  example. 

As  an  obje£l  for  the  chemift  it  Hands  in  the 
fame  fituation  as  the  Aroma,  and  its  feparate 
exiftence  is  equally  dubious. 

ACTINOLITE.  See  Strahlstein. 
ADAMANTINE  SPAR.  See  Corundum. 

ADHESION.  This  curious  fubjedl:  belongs 
rather  more  to  another  branch  of  natural  phi- 
lofophy  than  to  chemiftry.  As  far  however  as 
it  is  conne&ed  with  the  latter,  it  will  be  no- 
ticed under  the  article  Affinity. 
ADIPOCIRE. 

The  name  given  by  M.  Fourcroy  to  a peculiar 
fpermaceti-like  fubftance,  procurable  from  a 
certain  undtuous  mafs,  into  which  moft  of  the 
foft  parts  of  animal  bodies  are  converted  by 
fpontaneous  change,  under  certain  circumftances 
of  temperature  and  moiflure,  and  more  efpecially 
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when  protected  from  the  free  accefs  of  atmos- 
pherical air. 

Chemiftry  is  indebted  principally  to  the  in- 
duftry  and  talents  of  M.  Fourcroy,  for  what  is 
known  concerning  this  lingular  fubftance,  fo 
that  its  chemical  hiftory  is  of  recent  date,  and 
it  makes  fuch  an  important  addition  to  our 
knowledge  in  what  has  hitherto  been  the  mod 
defective  part  of  chemiftry,  that  of  animal  mat- 
ter, that  we  lhall  examine  it  with  fome  minute- 
nefs. 

The  hiftory  of  the  difcovery  of  this  fubftance 
lies  within  a fmall  compafs. — A very  large 
burying-ground,  belonging  to  the  church  des 
Innocens,  at  Paris,  had  for  many  centuries  been 
the  receptacle  of  a considerable  part  of  the  po- 
pulation of  that  metropolis.1  The  method  of 
depofiting  the  bodies  had  long  been  to  dig  large 
pits  from  twenty-five  to  thirty  feet  deep,  capable 
of  containing  from  twelve  to  fifteen  hundred 
bodies,  which,  when  filled,  were  covered  with 
a few  feet  of  earth,  and  Suffered  to  remain  un- 
difturbed  for  a longer  or  Ihorter  time,  that  is 
from  fifteen  to  thirty  years,  according  as  room 
was  wanted.  The  average  number  of  burials 
had  been  for  many  years  about  three  thoufand 
annually,  fo  that  the  foil  for  many  feet  beneath 
an  area  of  Seven  thoufand  Square  yards,  was 
almoft  an  entire  mafs  of  animal  matter,  which 
had  gradually  rifen  Several  feet  above  the  natural 
level  of  the  neighbouring  ground.  For  nearly 
two  centuries  complaints  had  been  made  of  the 
infalubrity  of  fuch  an  immenfe  mafs  of  putre- 
faction, within  the  heart  of  a large  clofely-built 
populous  city,  and  at  laft,  in  the  year  1782,  the 
government  undertook  the  formidable  operation 
of  removing  the  greater  part  of  the  foil,  with 
all  its  contents.  This  bufinefs  neceffarily  ex- 
pofed  to  view  the  Situation  of  thefe  common 
burying-pits,  in  every  different  period  of  Spon- 
taneous change,  and  the  observations  of  Several 
able  fcientific  men,  aflifted  by  the  experience 
long  acquired  by  the  grave-diggers,  enabled 
them  to  collect  the  following  very  interefting 
particulars. 

In  the  firft  of  thefe  pits  which  was  examined, 
and  which  had  been  filled  up  about  fifteen  years, 
the  bodies  were  found  Sunken  to  the  bottom  of 
the  coffins,  as  if  they  had  been  preffed  down 
with  a weight ; on  removing  what  remained  of 
the  linen  Ihroud,  the  body  beneath  it  was  found 
converted  into  irregular  maffes  of  a Soft  unc- 
tuous cheefe-like  fubftance,  grey  brown  in 
colour,  breaking  down  under  the  fingers  like 
Spermaceti.  The  fmell  of  the  bodies  thus 
* Thouret.  J.  Phyf.  tom.  38.  b Fourcroy  An. 


changed  was  not  very  offenfive,  fo  that  they 
could  be  handled  without  much  repugnance. 
On  further  examination,  it  was  found  that  every 
part  of  the  body,  except  the  bones,  nails,  and 
hair,  was  converted,  Sooner  or  later,  into  this 
Spermaceti-like  fubftance ; and  by  the  evidence 
of  the  grave-diggers  it  appeared  that  this  change 
was  completed  in  thefe  large  receptacles  in  about 
three  years,  and  that  it  was  more  perfect  in  the 
center  of  the  pits  than  in  the  upper  extremities, 
where  the  bodies  were  nearer  the  Surface,  and 
therefore  more  expofed  to  the  a£tion  of  die  fun 
and  air.b  Several  varieties  of  texture  and  appear- 
ance of  this  fubftance  were  noted, Sometimes  quite 
dry  and  brittle,  with  apoliflied  Surface  and  a me- 
tallic luftre,  at  other  times  waxy,  or  Soft  as  curd. 

We  {hall  not  dwell  further  on  the  contents  of 
this  very  interefting  memoir,  in  which  every 
particular  that  could  be  collected  on  fo  novel  a 
fubje£t,  is  detailed  with  great  accuracy  and 
apparent  fidelity ; we  {hall  proceed  to  the  che- 
mical analyfis  of  this  fubftance.0 

Expofed  to  a heat  not  greater  than  boiling 
water,  it  melted,  and  by  very  flow  diftillation 
continued  for  many  days,  and  regulated  fo  as 
to  produce  as  little  decomposition  as  pofiible  by 
the  mere  heat,  it  gave  about  one-fixteenth  of 
its  weight  of  a very  fetid  water,  holding  a quan- 
tity of  ammonia  in  Solution.  The  remaining 
mafs  was  rendered  Somewhat  more  brittle  by 
this  procefs. 

A long  expofure  to  the  air  produced  a fimilar 
effe£t  in  diffipating  much  of  the  alkali,  and 
bringing  the  refidue  to  a nearer  refemblance  to 
wax. 

Its  habitude  with  water  Shewed  its  Sapo- 
naceous nature  in  a very  Striking  manner.  When 
rubbed  in  a mortar  with  a little  cold  diftilled 
water,  it  readily  and  uniformly  mixed  with  it, 
into  a whitilh  emulfion,  which,  on  adding  more 
liquid,  refembled  exactly  a Solution  of  Soap  in 
water,  frothed  in  the  fame  manner  by  agitation, 
and  was,  like  foap,  curdled  and  decompofed  by 
hard  well  water,  by  acids,  by  lime  water,  and 
by  metallic  falts.  On  filtering  the  Solution, 
which  took  place  very  flowly,  the  clear  liquor 
remained  exceffively  fetid,  and  on  long  {landing, 
left  by  evaporation  ammoniacal  phofphate. 

Mixed  with  lime  and  a little  water,  a ftrong 
odour  of  ammonia  was  given  out,  together  with 
a very  fetid  gas,  and  after  heating  and  lixivia- 
ting, the  refidue  was  a mixture  of  the  lime  with 
the  oily  bafe  of  the  fubjeht  of  experiment,  from 
which  the  lime  was  afterwards  Separable  by 
muriatic  acid,  leaving  a dry,  combuftible,  unc- 
Chim.  torn.  5.  c Fourcroy  An.  Chim.  tom.  8. 
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tuous,  brittle,  cryftallizable,  waxy  matter,  fhin- 
ing  in  its  fraCture,  and  now  entirely  infoluble 
in  water. 

The  fixed  alkalies  operated  like  lime  in  dif- 
placing  the  ammonia,  and  formed  with  the 
unCtuous  refidue  a true  foap. 

Liquid  ammonia  added  to  it,  and  gently 
warmed,  immediately  difi'olved  it  into  a clear 
limpid  fluid,  afterwards  a little  opalefcent  when 
cooled. 

The  acids  {hewed  a very  powerful  action  on 
this  fubftance.  Concentrated  fulphuric  acid 
added  to  it  yielded  a gas,  which  M.  Fourcroy 
defcribes  as  more  repulfively  fetid  than  any 
which  he  had  ever  experienced.  The  dilute 
acid  aCted  with  lefs  vehemence,  and  uniting 
with  the  ammonia,  and  alfo  with  fome  lime 
which  the  fatty  fubftance  contained,  formed 
the  fulphats  of  ammonia  and  lime,  and  fepa- 
rated  the  fame  peculiar  concrete  oil  which  has 
been  above  defcribed. 

Nitrous  acid  aCted  in  a fimilar  manner,  but 
with  more  energy.  When  the  fubftance  was 
pure  no  azotic  gas  was  given  out,  but  much 
carbonic  acid.  The  concrete  oil  feparated  as 
before. 

Highly  rectified  alcohol  had  no  effeCt  upon  it 
when  cold,  but  when  heated  to  boiling  it  readily 
combined  with  a third  of  its  weight  into  a 
brown  tranfparent  liquid,  which  on  cooling  again 
depofited  in  feathery  flakes  about  feven-eighths 
of  what  it  had  diflolved.  The  remainder  was  re- 
covered by  evaporation,  and  appeared  to  be  the 
purer  concrete  oil,  unmixed  with  ammenia,  the 
only  part  therefore  foluble  in  cold  alcohol. 

From  the  above  {hort  abftraCt  of  a very  full 
and  mafterly  analyfis,  it  will  appear  that  the 
fatty  matter  to  which  animal  bodies  are  con- 
verted by  long  inhumation  in  deep  moift  foil,  is 
for  the  moft  part  a very  peculiar  faponaceous 
compound,  formed  of  a certain  quantity  of  am- 
monia, united  with  a Angular  kind  of  concrete 
fuet-like  wax,  hitherto  undeferibed,  and  to  which 
M.  Fourcroy  has  given  the  very  appropriate 
name  of  Adipocire.  The  compound  befides  con- 
tains fome  phofphoric  and  other  falts,  of  little 
import  to  the  prefent  fubjeCt. 

This  Adipocire,  itfelf  infoluble  in  water,  is 
rendered  mifcible  with  it  by  its  ammonia,  or  by 
the  addition  of  any  other  alkali.  It  is  feparated 
from  its  neutral  combinations  by  the  dilute 
mineral  acids,  and  partly  by  alcohol,  and  even  in 
fome  degree  by  Ample  expofure  to  air.  In  its 
natural  ftate  it  is  however  fo  thoroughly  and 
intimately  blended  with  water,  that  it  conftantly 
x Phil.  Tranf.  vol.  84.  * Gibbcs. 


lofes  weight  by  defecation,  and  it  is  fcarcely 
poflible  to  determine  when  it  has  parted  with 
the  laft  portions  of  this  fluid.  Its  colour  is  al- 
ways brownifli  or  yellowifh,  and  though  when 
much  divided  it  appears  white,  it  relumes  in 
mafs,  part  at  leaf!  of  its  original  colour.  When 
perfectly  dry  it  has  a Angular  flexible  but  gra- 
nular texture,  almoft  cryftalline,  but  with  fome 
varieties,  fo  that  fometimes  it  more  refembles 
wax,  fometimes  fpermaceti. 

It  is  not  merely  however  by  inhumation  that 
animal  matter  is  thus  changed.  Immerfion  into 
cold  water  for  fome  weeks  will  produce  the 
fame  alteration,  and  with  much  more  rapidity. 
Since  the  notice  of  chemifts  has  been  direCted 
to  the  fubjeCt,  various  obfervations  have  been 
made  of  human  bodies  or  other  animals,  which 
by  accident  have  remained  many  days  in  cold 
running  water,  which  have  afforded  a fimilar 
matter.  The  fame  is  often  to  be  obferved  in 
large  diffeCting  rooms,  where  putrid  flefh  ac- 
cidentally remains  negleCted  in  a quantity  of 
cold  water,  and  the  experiment  has  been  alfo 
tried  with  fuccefs  by  Dr.  Gibbes.c  He  flaked 
part  of  the  carcafe  of  a cow  to  the  bottom  of  a 
running  flream,  and  in  fome  months  the  greater 
part  of  it  was  changed  into  adipocirous  matter 
In  making  it  in  this  manner,  however,  much 
of  it  is  loft,  being  carried  away  by  the  water, 
which  is  conftantly  covered  with  a fatty  pellicle 
for  fome  diftance,  while  the  procefs  is  going 
on.  The  fame  chemift,  in  endeavouring  to 
purify  it  for  experiment  in  the  large  way,  found 
that  the  fetid  fmell  remained  after  Ample  melt- 
ing and  {training,  but  on  the  affuAon  of  nitric 
or  oxymuriatic  acid,  it  entirely  difappeared,  and 
became  by  the  latter  nearly  as  white  as  bleached 
wax. 

Another  method  of  procuring  fmall  quantities 
of  Adipocire,  in  a ftate  very  nearly  refembling 
that  produced  by  putrefaction,  is  to  fteep  the 
lean  of  meat  in  a moderately  dilute  nitrous 
acid.d  In  three  days  the  texture  is  changed,  itr 
becomes  white,  waxy,  and  when  taken  out, 
gently  melted  and  well  wafhed,  it  exhibits  moft; 
of  the  characters  of  adipocire.  The  nitric  acid 
however  appears  to  adhere  to  it  with  great 
obftinacy. 

The  refemblance  between  adipocire  and 
fpermaceti  is  fo  ftriking,  that  fome  charaCter- 
iftic  differences  are  requiftte  to  diftinguifh  the 
two  fubftances.  Spermaceti  and  the  pureft 
adipocire  obtained  from  the  putrefaCtion  of 
buried  human  bodies,6  are  both  fmooth  and 
unCtuous  to  the  touch,  lamellar  and  brilliant 
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in  fra&ure,  not  du&ile,  but  eafily  crufhed  be- 
tween the  fingers.  Heated,  the  fpermaceti 
melts  at  about  1 3 3 °,  the  other  at  12 6.°  and 
after  cooling,  becomes  more  brittle.  When 
very  pure,  the  adipocire  has  no  odour,  that  of 
fpermaceti  is  faint  but  diftinguifhable.  Both 
are  foluble  in  hot  alcohol,  but  in  very  different 
proportions,  the  adipocire  requiring  no  more 
than  two-thirds  of  its  weight  of  this  liquid,  and 
the  fpermaceti  fixteen  times  its  weight.  Both 
are  feparable  from  it  by  cooling,  with  fome 
little  differences  of  appearance.  Liquid  ammo- 
nia alfo,  when  cold,  diffolves  only  the  adipocire, 
and  even  when  heated  it  fcarcely  has  any  adlion 
on  fpermaceti. 

Other  experiments  make  fome  flight  diffe- 
rences in  the  congealing  temperature  of  thefe 
fub fiances.  Dr.  Boftock,f  found  the  adipocire 
made  by  nitric  acid  to  congeal  at  90°,  Dr. 
Gibbes  at  1120.  Boiling  ether  diffolves  about 
one  quarter  of  its  weight,  which  moftly  fepa- 
rates  on  cooling. 

The  refemblance  which  adipocire  bears  to 
fpermaceti,  has  fuggefled  the  idea  of  converting 
to  fome  economical  ufe  the  offal  carcafes  of 
horfes,  and  other  animals  which  are  not  the 
food  of  man.  The  firfl  procefs  of  making 
adipocire  by  immerfion  in  water,  is  fpontaneous, 
but  the  fubfequent  purification  would  probably 
demand  much  attention.  It  remains  as  a 
probable  fource  of  profit  to  the  manufacturing 
chemifl,  and  to  the  philofophic,  a promifing 
vein  for  future  difcovery. 

ADOPTER.  An  article  of  chemical  appa- 
ratus. (See  the  Appendix). 

ADULARIA.  See  Felspar. 

ZEDELITE.  See  Zeolite. 

AERIAL  ACID.  The  term  given  by  Berg- 
man to  Carbonic  Acid  Gas. 

AES  VENERIS,  AES  USTUM.  Names 
formerly  given  to  a preparation  of  copper  and 
fulphur  ftrongly  calcined.  It  has  only  been 
known  in  medicine,  and  is  now  difufed. 

AETHIOPS,  Antimonial.  A pharmaceu- 
tical preparation,  made  by  uniting  the  crude 
or  black  fulphuret  of  antimony  with  running 
mercury,  till  the  latter  is  totally  extinguifhed. 
It  is  therefore  a mixture  of  the  fulphurets  of 
antimony  and  mercury. 

AETHIOPS,  Martial,  or  Lemery’s  Saffron 
of  Mars , is  iron  filings  fo  far  rufled  by  water, 
as  to  be  pulverizable,  but  flill  magnetical.  It  is 
employed  in  medicine.  As  a chemical  prepa- 
ration, fee  Iron. 

AETHIOPS,  Mercurial.  A term  given  by 


fome  chemifls  to  mercury  rubbed  down,  or  ex- 
tingui/ljed  by  trituration  with  gum-arabic.  It  is 
only  ufed  in  medicine. 

AETHIOPS,  Mineral.  The  black  fulphuret 
of  Mercury,  made  by  triturating  equal  parts 
of  mercury  and  fulphur,  and  ufed  in  medicine. 

AFFINITY.  AJfnite,  F.  Verivandfchaft , G. 

All  the  phenomena  of  nature  may  be  ulti- 
mately referred  to  two  kinds  of  motion,  attrac- 
tion and  repulfion.  Attraction  may  again  be 
fubdivided  into  that  which  takes  place  between 
bodies  at  fenfible  diftances,  including  gravitation, 
magnetifm,  and  ele&ricity ; and  that  w'hich 
a£ls  only  at  infenfible  diftances,  fuch  as  ca- 
hefion  and  chemical  affinity. 

Cohefion,  or  homogeneous  affinity,  is  the 
attraction  between  the  component  particles  of 
homogeneous  bodies,  as  between  two  globules 
of  quickfilver : when  made  to  touch  each  other, 
they  run  together  into  one  globule,  and  are 
mixed  in  the  moft  intimate  manner,  without 
however  undergoing  any  alteration  in  their 
chemical  or  phyfical  properties. 

Chemical  or  heterogenous  affinity  can  only 
take  place  between  diflimilar  particles  •,  and  the 
change  of  properties  which  is  the  confequence 
of  this  combination,  cannot  in  the  prefent  im- 
perfeCl  ftate  of  our  knowledge  be  inferred  from 
thofe  of  the  elementary  particles.  As  when 
quickfilver  is  added  to  melted  fulphur,  the 
refult  is  a compound  poffeffed  of  neither  the 
colour,  the  fplendour,  the  inflammability,  the 
volatility,  nor  fpecific  gravity  of  either  of  its 
conftituent  parts. 

Thefe  two  affinities  are  the  great  agents  in 
all  the  operations  of  nature  and  art,  which  are 
referable  to  the  fcience  of  Chemiftry ; not  only 
as  inftruments  of  Synthefis,  as  might  be  fup- 
pofed  from  the  primary  meaning  of  the  term, 
but  alfo  as  the  foie  means  of  analyfis,  there  being 
no  way  of  refolving  a chemical  compound  but 
by  expofing  its  elements  to  the  action  of  flronger 
affinities  than  thofe  which  retain  them  in  union. 

The  force  of  homogeneous  affinity  is  peculiar 
for  all  the  fubftances  in  nature  •,  thus  there  is  a 
ftriking  difference  between  the  cohefion  of 
equal  maffes  of  iron,  tin,  and  glafs ; and  the 
cohefion  even  of  the  fame  individual  particles 
varies  remarkably,  according  to  the  quantity  of 
heat  with  which  they  are  either  mixed  or  com- 
bined, as  for  example,  in  the  particles  of  water 
in  the  ftate  of  ice,  of  water,  or  of  fleam. 

The  force  of  heterogeneous  affinity  is  alfo 
peculiar  *,  for  out  of  the  whole  feries  of  bodies 
which  are  capable  of  uniting  with  any  given 


1 Phil.  Journal,  Vol.  4. 


A F F 


AFF 


( IS  ) 


body,  there  are  no  two  whofe  force  of  affinity 
appears  to  be  equal.  This  may  in  part  depend 
on  the  refpeCtive  differences  of  their  cohelive 
attraction,  but  is  no  doubt  principally  owing  to 
a real  difference  in  the  energy  of  their  chemical 
affinity.  Moll  fubllances  exill  in  vifible  maffes, 
and  therefore  under  the  influence  of  cohefion ; 
but  as  chemical  affinity  takes  place  between 
heterogeneous  elementary  particles , it  is  obvious 
that  thefe  two  attractions  are  always  in  oppo- 
fition  to  each  other ; hence  there  is  a priori  a 
poffibility,  which  is  alfo  confirmed  by  experi- 
ment, that  the  particles  of  one  body  may  have 
an  affinity  for  thofe  of  another,  and  yet  on  ac- 
count of  the  fuperior  cohefion  of  the  two  fub- 
llances, the  chemical  attraction  may  be  imper- 
ceptible. It  is  impoffible  therefore  to  afcertain 
whether  every  fpecies  of  particles  has  a chemical 
affinity  for  all  the  other  fpecies,  although  it  is 
for  the  moll  part  the  opinion  of  the  belt  chemills 
that  this  is  really  the  cafe. 

Heterogeneous  affinity  may  be  conveniently 
divided  into  fimple,  where  only  two  Ample  fub- 
llances are  concerned ; Jingle  elective,  where 
only  three  are  concerned  ; and  compound , where 
a greater  number  is  brought  into  aCtion. 

Before,  however,  we  proceed  to  enumerate 
the  charaCteriltic  circumilances  of  each,  it  will 
be  neceffary  to  explain  what  is  here  meant  by  a 
fimple  fubltance.  The  ancients  believed  many 
bodies  to  be  fimple  which  the  fuperior  Ikill  and 
knowledge  of  modern  chemills  have  molt  af- 
furedly  decompofed ; and  there  is  no  reafon  to 
believe  that  in  any  one  cafe  has  chemical  analyfis 
been  able  to  procure  the  real  elements  or  fimple 
conllituent  parts  of  fubllances.  A chemical 
element,  therefore,  does  not  fo  much  fignify  a 
body  that  is  abfolutely  undecompofable,  as  one 
that  has  not  yet  been  refolved.  But  there  is 
another  fenfe  in  which  even  bodies  that  are 
known  to  be  compound  may  be  confidered  as 
fimple,  and  that  is  where  they  combine  with 
other  fubllances,  without  being  themfelves  de- 
compofed. Thus  fulphuric  acid,  which  confills 
of  oxygen  and  fulphur,  becaufe  it  unites  with 
earths,  alkalies,  and  metallic  oxyds,  without 
being  decompofed,  may  in  thefe  cafes  be  con- 
fidered as  nCting  the  part  of  a fimple  fubllance, 
and  would  no  doubt  have  been  fo  elleemed,  if 
all  our  knowledge  of  this  acid  was  confined  to 
the  phenomena  which  it  exhibits  when  aCting 
on  the  above  mentioned  fubllances.  In  this 
fenfe  alone  we  ufe  the  term  when  fpeaking  of 
chemical  affinity. 

Simple  affinity  takes  place  when  only  two 
fpecies  of  particles,  either  really  fimple  or  at 


leaft  aCting  as  fuch,  are  brought  in  contaCt  with 
each  other.  In  this  cafe  there  are  obvioufly 
two  contending  forces,  that  of  cohefion  tending 
to  retain  each  fpecies  of  particles  in  diltinCt 
maffes,  and  that  of  compofition  or  chemical 
affinity  tending  to  blend,  and  intimately  unite 
each  particle  of  one  fpecies  with  one  of  the 
other.  If  both  fubllances  are  folid,  there  will 
be  no  combination,  whatever  may  be  the  llrength 
of  their  mutual  affinity,  for  the  contaCt  in  this 
inllance  can  only  be  fuperficial,  and  even  this 
very  imperfeCtly.  Thus  iron  and  fulphur,  which 
in  favourable  circumilances  will  unite  with  great 
energy,  are  wholly  incapable  of  a£lion  if  each 
is  in  a folid  form.  Now  the  folidity  or  cohefion 
of  a body  may  be  reduced  in  two  ways,  either 
imperfeCtly,  by  mechanical  means,  fuch  as 
pounding,  cutting,  filing,  & c.  or  more  com- 
pletely by  the  application  of  heat,  it  being  the 
uniform  effeCl  of  this  agent  to  enlarge  the  bulk 
and  weaken  the  cohefion  of  all  bodies  that  are 
expofed  to  its  aCtion.  It  is  from  long  experi- 
ence of  the  effeCts  of  cohefion  in  preventing 
chemical  union,  that  the  axiom  has  originated, 
that  “ bodies  do  not  aCt  on  each  other  except 
they  are  liquid ; ” which,  although  like  many 
of  the  old  chemical  maxims,  it  is  not  to  be  re- 
ceived without  certain  modifications,  is  yet,  in 
many  cafes,  ftriCtly  true  : the  efficacy  of  affinity 
being  ceteris  paribus  inverfely  as  the  attraction 
of  cohefion,  and  the  fluidity  of  one  at  leaft  of 
the  fubllances,  is  in  all  cafes  neceffary  to  che- 
mical compofition.  An  example  of  fimple 
affinity  is  when  quickfilver  and  melted  fulphur 
are  blended  together.  Here,  the  cohefion  of 
the  fulphur  being  weakened  by  fufion,  and  the 
quickfilver  being  alfo  fluid,  the  quiefeent  force 
or  attraction  of  cohefion,  is  unequal  to  the  reci- 
procal affinity  between  the  fulphur  and  the 
metal,  which  in  confequence  becomes  effica- 
cious, and  combines  the  two  into  one  body. 
All  the  cafes  of  folution  in  which  no  decompo- 
fion  of  the  menltruum  or  the  folvent  takes  place, 
are  examples  alfo  of  fimple  affinity.  Thus  when 
common  fait  is  thrown  into  water,  the  chemi- 
cal affinity  of  the  two  being  llronger  than  their 
refpeCtive  cohelive  attractions,  a compound  is 
produced  in  which  the  particles  of  fait  water 
are  no  longer  diltinguifhable  by  the  eye,  nor 
feparable  from  each  other  by  any  mechanical 
force. 

While  a lump  of  fait  is  diffolving  in  water, 
it  is  obvious  that  the  particles  thus  taken  up 
will  be  conltantly  approaching  towards  an 
equality  with  thole  of  the  water,  fo  that  the 
mafs  of  fait,  every  fquare  inch  of  whofe  furface 
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was  at  firft  in  contaCl  with  an  equal  area  of 
water,  is  at  length  furrounded  with  a fluid  of 
which  the  fait  that  it  holds  in  folution  forms  a 
very  notable  proportion  : therefore  the  particles 
of  water  in  contact  with  any  given  furface  of 
the  undifl'olved  fait,  will  be  continually  dimi- 
nilhing  in  number,  and  lefs  able  to  overcome 
the  cohefion  of  the  fait ; hence  a period  will 
arrive  in  which  the  cohefion  of  the  undifiolved 
fait,  and  the  affinity  of  the  remaining  unfatu- 
rated  particles  of  water,  will  exactly  balance 
each  other,  and  no  further  aClion  will  take 
place. 

That  folution  is  an  inftance  of  chemical 
agency,  and  not  merely  the  diffufion  of  the 
particles  of  a folid  through  a fluid,  is  evident 
alfo  from  this,  that  water  will  difiolve  very 
different  proportions  of  different  falts,  which 
can  only  arife  from  the  varieties  in  the  force  of 
its  affinity  ; in  certain  circumftances  alfo  it  will 
protect  the  fubftances  that  it  holds  in  folution 
from  the  aClion  of  others,  by  means  of  its 
fuperior  affinity  for  them. 

It  has  been  too  much  the  cuftom  in  reafon- 
ing  upon  the  more  complicated  cafes  of  affinity, 
to  overlook  entirely  that  by  which  water  or  any 
other  menftruum  retains  in  folution  the  various 
objeCls  of  chemical  experiment,  and  to  confider 
a folution  of  fait  for  example,  as  the  fame 
thing  with  pure  fait,  only  in  a more  convenient 
form,  and  hence  have  arifen  many  anomalies 
and  errors. 

Hitherto  we  have  only  confidered  the  effeCls 
that  take  place  when  a Angle  chemical  affinity 
is  concerned ; we  have  now  to  treat  of  thofe 
cafes  in  which  there  are  two  chemical  affinities 
a&ing  in  oppofltion  to  each  other.  Common 
nitre  is  compofed  of  nitric  acid  and  potafh ; 
if  to  a folution  of  this  neutral  fait  in  water,  we 
add  a quantity  of  fulphuric  acid  equal  to  the 
nitric  acid  of  the  nitre ; the  fulphuric  acid 
being  incapable  of  combining  writh  this  fait, 
and  having  a ftrong  affinity  for  the  potafh,  its 
alkaline  bafe,  a decompofltion  of  the  nitre,  is 
effected,  and  the  alkali  is  divided  between  the 
two  acids  in  the  exaCl  ratio  of  the  ftrength  of 
their  refpeClive  affinities.  The  water  then,  in- 
ftead  of  containing  nitre  and  fulphuric  acid, 
will  hold  fulphat  of  potafh,  with  a fmall  excefs 
of  fulphuric  acid  and  nitrat  of  potafh,  with  a 
large  excefs  of  nitric  acid;  but  as  the  new 
compounds  have  at  leaft  as  ftrong  an  affinity  for 
water  (or  are  equally  foluble)  as  the  fulphuric 
acid  and  nitre  from  which  they  are  formed, 
they  ftill  remain  intimately  mixed  with  each 
other,  and  are  incapable  of  being  feparated  by 
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mere  mechanical  means.  The  affinity  of  the 
fulphuric  acid  for  potafh  is  greater  than  that 
of  the  nitric  acid,  and  therefore  in  the  experi- 
ment juft  recited,  the  fulphat  of  potafh  pro- 
duced is  greater  than  the  quantity  of  nitre  re- 
maining undecompofed,  flnce  equal  parts  of 
each  acid  are  fuppofed  to  be  prefent.  But  the 
efficacy  of  affinity  depends  not  only  on  the 
abfolute  force,  but  on  the  relative  maffes  of  the 
fubftances  employed ; we  may  therefore  com- 
penfate  in  many  cafes  the  weaknefs  of  the 
affinity  by  a proportionate  excefs  in  quantity  : 
thus  although  fulphuric  acid  has  a ftronger 
affinity  for  potafh  than  nitric  acid  has,  yet 
fulphat  of  potafh,  when  treated  with  a large 
excefs  of  nitric  acid,  is  in  great  part  decom- 
pofed,  and  may  be  made  to  depoflt  cryftals 
of  nitre.  Hence  it  follows  that  the  force  with 
which  any  compound  refills  decompofltion,  is 
in  the  inverfe  ratio  of  the  mutual  faturation  of 
its  two  elements ; and  that  no  compound  how 
weakly  foever  its  elements  may  be  combined, 
can  be  wholly  decompofed  by  the  addition  of 
any  third  fubftance,  however  powerful  may  be 
its  affinity  for  either  of  the  other  two. 

Till  the  late  experiments  of  Berthollet  on  this 
fubjeCl,  all  chemifts  feem  to  have  coincided 
with  Bergman,  who  maintained  that  in  cafes 
where  a compound  was  decompofed  by  the 
fuperior  affinity  of  one  of  its  elements  for  a 
third  fubftance,  there  was  a total  transfer  of  the 
bafe  from  the  fubftance  of  the  weakeft  to  that 
of  the  ftrongeft  affinity ; and  hence  originated 
the  term  Jingle  elective  affinity,  which  was  made 
ufe  of  to  fignify  that  if  to  the  compound  A.  B. 
a body  C.  was  added,  poffeffed  of  a fuperior 
attraction  for  A.  than  B.  has,  A.  would  by 
election  or  choice  as  it  were,  quit  B.  entirely, 
and  form  with  C.  a new  compound  A.  C.  to 
the  exclufion  of  B. 

In  the  example  already  given  of  the  aCtion 
of  fulphuric  acid  on  nitre,  we  have  fhewn  that, 
though  a decompofltion  is  efteCted,  there  is  no 
fpontaneous  feparation  of  the  different  fub- 
ftances, on  account  of  their  ready  folubility  in. 
the  common  menftruum  ; but  in  a great  number 
of  the  cafes  of  Angle  elective  affinity,  one,  and 
fometimes  both  the  fubftances  which  are  the 
refult  of  the  experiment,  are  fo  little  foluble, 
that  they  feparate  fpontaneoufly  either  wholly 
or  in  part,  from  the  menftruum ; or,  in  che- 
mical language,  are  precipitated : and  it  is  only 
by  taking  advantage  of  this  fuperiority  of  the 
affinity  of  cohefion  over  that  of  compofition, 
that  we  are  able  to  procure  in  a feparate  Hate 
the  elements  of  any  compound, 
c 


AFF 


AFF 


( 18  ) 


Thus  if  to  a folution  of  fulphat  of  potato  in 
water,  we  add  barytes,  alfo  diffolved  in  water, 
a partition  will  be  made  of  the  fulphuric  acid, 
between  the  barytes  and  potato ; in  confe- 
quence fulphat  of  barytes  will  be  produced, 
and  fulphat  of  potato,  with  excefs  of  alkali : 
but  the  former  of  thefe  falts  being  hardly  at  all 
foluble  either  in  water  or  in  alkaline  fulphat  of 
potato,  will  fall  to  the  bottom,  and  the  fluid 
will  hold  only  the  latter  fait  in  folution.  A 
frefli  addition  of  barytic  water  will  occafion  a 
further  precipitation  of  fulphat  of  barytes,  till 
at  length  the  liquor  will  come  to  be  a folution 
of  potato,  with  an  imperceptible  proportion  of 
fulphuric  acid  and  fulphat  of  barytes.  Some- 
times the  whole  contents  of  the  fluid  are  preci- 
pitated, as  when  barytes  is  added  to  fulphat  of 
zinc.  Here  the  effedt  of  the  barytes  is  to 
divide  the  fulphuric  acid,  which  was  before 
combined  wholly  with  oxyd  of  zinc,  between 
the  metal  and  earth,  according  to  their  refpeftive 
affinities ; and  as  fulphat  of  barytes  and  oxyd 
of  zinc,  with  a little  fulphuric  acid,  are  in- 
foluble  in  water,  or  in  fulphat  of  zinc,  both 
fubftances  are  precipitated,  leaving  only  the 
undecompofed  metallic  fulphat  in  folution, 
which  by  a further  addition  of  barytes,  may  be 
again  decompofed  and  precipitated,  till  no 
greater  quantity  of  fulphat  of  zinc  is  left  than 
would  form  with  barytes  fo-bo-o  of  the  whole 
mafs,  becaufe  fulphat  of  barytes  in  this  pro- 
portion is  foluble  in  water : or  in  other  words, 
the  chemical  affinity  of  water  for  fulphat  of 
barytes,  is  to  the  affinity  of  cohefion  between 
the  particles  of  this  fait,  as  1 to>  fomewhat  lefs 
than  40000. 

Compound  affinity  differs  from  {ingle  elective 
affinity  in  being  more  complicated.  In  the 
former  a body  is  decompofed  by  the  fuperior 
affinity  of  one  of  its  elements  for  a third  Ample 
fubftance  ; in  the  latter  a fimilar  effett  is  pro- 
duced by  the  addition  of  a compound  body 
which  is  itfelf  decompofed  in  the  procefs. 
There  are  many  advantages  which  this  method 
of  operating  has  over  that  by  {ingle  elective 
affinity,  and  particularly  that  decompofitions 
are  much  more  complete,  and  require  a fmaller 
proportion  of  fubftances  to  be  added  in  order 
to  effedt  the  propofed  changes.  Thus  if  fulphat 
of  potato  is  to  be  decompofed  by  nitric  acid, 
in  order  to  procure  cryftals  of  nitre  5 if  we 
merely  add  thefe  two  fubftances  together,  the 
affinity  of  fulphuric  acid  for  pot-ato  being 
greater  than  that  of  nitric  acid,  a large  excefs 
of  this  latter  will  be  required,  and  after  all  only 
a very  partial  decompofition  can  be  effected. 


We  fhall  gain  our  end  much  more  completely 
by  previoufly  combining  the  nitric  acid  with 
fome  fubftance  that  has  as  ftrong  an  affinity 
(or  even  ftronger)  for  fulphuric  acid,  as  nitric 
acid  has  for  potato.  If,  for  example,  we  make 
ufe  of  nitrat  of  barytes  for  this  purpofe,  we 
toall  attack  the  fulphat  of  potato,  not  only  by 
the  affinity  of  nitric  acid  for  its  alkaline  bafe, 
but  by  that  of  barytes  for  its  acid,  and  the 
concurrent  aftion  of  thefe  two  powers  will 
accomplito  what  neither  feparately  could  effedh 
fo  entirely  or  by  fuch  fmall  quantities.  In  the 
cafe  here  fuppofed,  the  fulphuric  acid  of  the 
fulphat  of  potato,  and  the  barytes  of  the  nitrat 
of  barytes,  will  combine  with  each  other,  and 
form  fulphat  of  barytes,  which  will  precipitate, 
while  the  nitric  acid  and  potato  being  now  at 
liberty,  will  combine  eagerly  with  each  other 
and  form  nitre.  Hitherto  we  have  only  con- 
fidered  the  divellent  attractions,  or  thofe  which 
tend  to  break  the  former  combinations  and  pro- 
duce new  ones  ; it  is  equally  neceffary  how- 
ever to  notice  thofe  which  are  called  quiefcent 
affinities,  from  their  tendency  to  maintain  the 
former  combinations,  and  in  confequence  op- 
pofe  all  further  change.  Thus  while  the  nitric 
acid  and  barytes  are  attracted  towards  the  pot- 
ato and  fulphuric  acid,  this  motion  is  oppofed 
by  the  affinity  that  fubfifts  between  the  nitric 
acid  and  barytes,  and  the  potaflr  and  fulphuric 
acid,  and  it  is  only  in  confequence  of  the  excefs 
of  the  divellent  over  the  quiefcent  affinities  that 
any  change  takes  place.  Hence  it  is  that  there 
is  no  fuch  reciprocal  adHon  in  cafes  of  com- 
pound affinity,  as  takes  place  in  thofe  of  fingle 
elective  affinity.  Nitrat  of  barytes  may  be  more 
or  lefs  completely  decompofed,  by  the  proper 
quantities  either  of  potato  or  of  fulphuric  acid,, 
as  may  fulphat  of  potato  by  nitric  acid  or 
barytes  ; or  nitrat  of  potato  by  fulphuric  acid, 
or  barytes,  or  fulphat  of  barytes  by  nitric  acidj 
or  potato.  But  nitrat  of  barytes  being  decom- 
pofable  by  fulphat  of  potato,  no  excefs  what- 
ever of  nitrat  of  potato  can  decompofe  in  the 
fmalleft  degree  fulphat  of  barytes,  becaufe  the 
quiefcent  forces  are  fuperior  to  the  divellent 
ones,  and  muft  always  bear  the  fame  ratio  to 
each  other,  whatever  be  the  proportions  of  the 
two  compound  fubftances. 

The  fubjecft  of  chemical  affinity  has  engaged 
the  attention  of  the  molt  able  chemifts  from 
Bergman  to  Bcrthollet.  Before  the  treatife  of 
the  latter  philofopher,  the  opinion  of  Bergman 
had  been  univerfally  adopted  concerning  the 
total  change  of  bafe  in  all  cafes  of  decompo- 
fition ; and  many  general  laws  and  inferences 
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bafed  upon  this  fundamental  error  were  eftabliffi- 
ed,  which  the  fuperior  accuracy  of  Berthollet  has 
fhewn  to  be  utterly  groundlefs.  The  deftru£tion 
of  former  errors,  and  a general  view  of  the 
difficulties  of  the  fubjedt,  and  the  proper  method 
of  experimenting,  together  with  the  enuncia- 
tion of  a few  fa<Ts,  which  feem  of  very  exten- 
five  application,  comprife  nearly  the  whole  of 
the  labours  of  Berthollet  on  this  fubject : it  is 
therefore  at  prefent  in  an  extremely  imperfe£t 
ftate. 

In  the  Appendix  will  be  given  Bergman’s 
table  of  fingle  eledtive  affinities,  together  with 
the  fchemes  of  compound  affinity,  and  Mr. 
Kirwan’s  table  of  the  numerical  ftrength  of 
affinities ; where  alfo  may  be  found  fome  re- 
marks on  the  authority  to  which  they  appear 
refpeftively  to  be  entitled. 

AGALMATOLITE.  Sec  Bildstein. 

AGARIC  MINERAL.  See  Bergmilch. 

AGATE.  See  Kalzedon. 

AGGREGATE,  Aggregation. 

Thefe  terms  are  at  prefent  but  little  ufed. 
Some  chemills  have  employed  the  phrafe  Affi- 
nity of  Aggregation,  to  exprefs  that  force  by 
which  bodies  remain  in  mafs,  and  therefore 
without  change,  in  oppofition  to  the  phrafe 
Affinity  of  Compofition,  which  is  the  fame  as 
chemical  affinity.  Hence  they  have  diftinguifhed 
two  kinds  of  aggregation,  homogeneous  or 
cohefion,  being  the  attraction  that  takes  place 
between  fimilar  particles  ; and  heterogeneous 
or  adhefion,  being  the  attraction  between  the 
external  furfaces  of  mafles.  An  aggregate 
therefore  means  a mafs  in  general. 
AGUSTINE. 

By  this  term,  barbaroufly  compounded  of 
Greek  and  Latin,  and  meaning,  without  tajle, 
inftpid , Profeffor  Trommfdorf  has  diftinguifhed 
a fuppofed  new  earth,  difcovered  by  him  in 
the  year  1800. 

The  mines  of  Johan  Georgenftadt  contain 
a mineral  refembling  the  berill,  which  being 
analyfed,  yielded  unexpectedly,  a new  earth, 
called  by  its  inventor  Aguftine,  from  its 
forming  infipid  falts  with  acids. 

This  earth,  when  pure,  has  a great  refemb- 
lance  to  alumine ; combines  very  feebly  with 
carbonic  acid  j hardens  by  expofure  to  fire, 
and  is  infoluble  in  water.  It  differs  how- 
ever from  pure  clay  in  the  following  particu- 
lars. It  is  infoluble  in  any  of  the  three  alkalies, 
whether  cauftic  or  carbonated,  in  the  moift  or 
dry  way.  It  combines  with  acids  forming 
nearly  infipid  falls*  It  is  equally  foluble  after 
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induration  by  fife  as  before.  With  fulphuric 
acid  it  forms  a fait  of  difficult  folution,  and 
perfe&Iy  infipid,  but  which  by  a flight  excefs 
of  acid  becomes  foluble,  and  cryftallizes  in  ftars. 
Its  acidulous  phofphat  is  alfo  very  foluble ; but 
its  acetite  is  fcarcely  at  all  fo. 

Thefe  are  all  the  faCts  as  yet  known  concern- 
ing this  fubftance,  and  they  reft  upon  the  foie 
uncorroborated  teftimony  of  Profeflor  Tromras- 
dorf. 1 

AIGUEMARINE.  See  Berill. 

AIR.  In  that  part  of  chemical  enquiry  which 
relates  to  the  conftitution  of  gafeous  bodies, 
fome  of  the  phyfical  properties  of  air  (abftraCt- 
edly  fpeaking)  require  to  be  noticed,  as  they 
very  materially  affect  the  accuracy  of  chemical 
experiments.  ( For  thefe  fee  the  article  Gas.) 

AIR  Atmofpherical.  See  Atmospherical-^/?-. 

AIRS  Factitious.  The  feveral  fpecies  of 
permanent  airs  or  gafeous  vapours,  which  have 
been  difcovered  by  modern  chemiftry,  have 
been  termed  indifcriminately  airs  or  gaffes.  As 
the  latter  term  is  become  the  moft  familiar, 
we  fhall  merely  enumerate  in  this  place  the 
feveral  fpecies  of  air. 

Air  alkaline,  fee  Ammonia. 

Airs  acid,  of  thefe  there  are  feveral  fpecies. 

Dephlogijlicated  nitrous,  fee  Nitrous  oxyd. 

Dephlogijlicated  marine,  fee  Oxymuriatic 

acid. 

Vitriolic  acid,  fee  Sulphureous  acid ; and 

for  the  reft  fee  the  refpective  acids. 

Air  fixed,  or  mephitic,  Aerial  acid  of  Bergman# 
fee  Carbonic  acid. 

Air  phlogiflicated,  ox  Atmofpherical  Mephitis,  fee 
Azof. 

Air  inflammable,  fee  Hydrogen. 

Air  heavy  inflammable,  fee  CarburettedHydrogen. 

Air  hepatic,  fee  Sulphuretted  Hydrogen. 

Air  vital,  empyreal,  or  dephlogijlicated,  fee 
Oxygen. 

AIR  HOLDER.  An  article  of  chemical 
apparatus.  (See  the  Appendix.) 

ALABASTER.  See  Gyps. 

ALAUNERDE,  Alum  earth,  or  Pyritaceous 
clay.  Argdla  aluminaris  bituminofa,  Wern.  Terre 
alumineufe,  Fr. 

The  colour  of  this  mineral  is  brownifh  black, 
or  dun  blackilh  brown.  Sometimes,  though 
rarely,  greyifh  black.  It  occurs  amorphous  in 
large  ftrata,  and  is  of  a middle  confidence  be- 
tween hard  and  crumbly.  Internally  it  is  gene- 
rally glimmering,  on  account  of  a few  fcattered 
particles  of  mica,  but  is  fometimes  wholly 
without  luftre.  Its  fracture  in  fmail  pieces  is 

tom.  34.  p.  133. 
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earthy  and  even,  but  in  mafs  is  flaty,  fome- 
times  palling  into  flat  conchoidal.  Its  fragments 
are  irregular,  blunt-cornered.  Its  ftreak  has 
a feeble  luftre.  It  is  very  foft,  and  may  be 
rubbed  to  powder  between  the  fingers  •,  is  brit- 
tle, and  of  very  little  elafticity.  Sp.  gr.  accor- 
ding to  Kirwan,  1.75. 

When  placed  among  burning  coals,  it  gene- 
rally blazes  a little ; and  when  moiftened  and 
expofed  to  the  air  in  large  quantities,  it  heats, 
and  not  unfrequently  inflames.  From  100 
parts  of  it  after  torrefadfion,  Klaproth  obtained 
10  alum,  7.25  fulphated  iron,  2.25  fulphated 
lime,  and  x fulphated  magnefia.*  Alum-earth 
is  found  in  Sweden,  in  Saxony,  Bohemia,  Hun- 
gary, and  Auftria,  in  all  which  places  it  is  em- 
ployed in  the  manufadfure  of  alum. 

Its  oryctographical  fituation  is  in  alluvial 
ftrata,  where  it  occafionally  forms  very  extenfive 
beds.  It  alternates  ufually  with  flate  clay,  bitu- 
minous fchiftus,  fand-ftone,  and  other  alluvial 
minerals,  but  efpecially  with  bituminous  fchiftus 
and  bituminous  wood  : it  appears  indeed  to  be 
a natural  mixture  of  thefe  two  fubftances,  the 
latter  of  which  is  not  unfrequently  difperfed 
through  it.  Sometimes  pyrites  and  felenite  are 
mingled  with  it,  and  thefe  fubftances  are  often 
accompanied  with  native  alum,  hair  fait,  and 
mountain  butter.  The  alum-earth  itfelf,  indeed, 
when  expofed  for  a time  to  the  a&ion  of  the 
air,  becomes  covered  with  a mealy  faline  efflo- 
refcence,  which  may  be  recognifed  for  native 
alum,  by  its  ftyptic  tafte.b 

ALAUNSCHIEFER,  Alum-fate , Aluminous 
Schifus.  Ardoife  Alumineufe,  Schife  Alumineufe.  Fr. 

There  are  two  varieties  of  this  mineral. 

Var.  I.  Getneiner  Alaunfchiefer.  Common 
Alum-Jlate.  Argilla  aluminaris  fchijlofa  vulgaris. 

Its  colour  is  greyilh  or  brownilh  black,  fome- 
times  a middle  tint  between  greyilh  and  bluifh- 
black  : the  furface  is  not  unfrequently  iridefcent. 
It  occurs  amorphous,  or  in  the  form  of  concen- 
tric balls.  Internally  it  is  either  dull,  or  glim- 
mering, or  little  fliining  with  a common  luftre. 
Its  fradture  is  ftrait-flaty,  palling  into  the  earthy- 
uneven.  It  flies  when  broken  into  broad  Anvers : 
gives  a dull  black  or  grey  ftreak  ; is  foft,  brittle, 
and  but  little  elaftic : and  has  a meagre  feel. 
By  expofure  to  the  air  it  acquires  a whitifli 
efflorescence,  and  then  has  the  fweet  ftyptic 
tafte  of  alum.  Sp.  gr.  1.8 — 2.5. 

It  is  frequently  penetrated  by  veins  of  quartz, 
and  mixed  with  pyrites. 

Alum  flate  is  found  in  Great-Britain,  Sweden, 
Germany,  Hungary,  and  fome  parts  of  France, 

* Klaproth,  Analyt.  Efs, 


and  is  largely  employed  in  the  manufafture  of 
alum. 3 

Var.  II.  Glanzender  Alaunfchiefer.  Shinmg 
Alum-fate.  Argilla  aluminaris  fchifofa  nitida. 
Wern. 

Its  colour  is  between  bluilh  and  greyifli  black, 
palling  into  iron  black.  It  occurs  amorphous 
or  in  balls.  Its  parallel  fradture  is  generally 
fhining,  fometimes  even  much-lhining,  with  a 
greafy  luftre  approaching  to  the  metallic : its 
crofs  fradture  is  dull.  Its  fradlure  is  thick,  or 
thin,  and  for  the  moft  part  curved,  flaty : the 
fragments  are  fliivery.  It  feels  fmooth  : is  half 
hard,  brittle,  and  but  little  elaftic.  It  is  a 
confiderably  richer  ore  of  alum  than  the  pre- 
ceding variety,  and  is  found  in  the  fame 
countries,  though  not  fo  plentifully.* 

ALAUNSTEIN.  Alum-fone.  Ca/careus 
Aluminaris,  Wall.  Pierre  calcaire  Alumineufe. 
Pierre  Alumineufe  de  la  Tolfa.  Fr.  Argilla  Alu- 
minaris Tolfenfs.  Wern. 

The  colour  of  alum-ftone  is  for  the  moft  part 
greyifti  or  yellowifti  white,  pafting  into  Jfabella 
yellow,  or  light-yellowifti  or  fmoak-grey.  Some- 
times alfo  it  is  found  of  a tint  between  flefti  and 
tile-red,  or  fpotted  with  ochre-yellow.  It  oc- 
curs amorphous,  in  confiderable  mafies.  Inter- 
nally it  is  dull,  very  rarely  glimmering.  Its 
fradfure  is  fine-grained  uneven,  approaching  on 
one  hand  to  earthy,  and  on  the  other  to  fplintery 
or  obfcurely  conchoidal : when  broken,  it  flies 
into  indeterminate  fharp  - cornered  fragments. 
It  exhibits  fometimes  coarfe  granular,  fometimes 
conchoidal  diftindt  concretions.  It  is  tranflucid 
at  the  edges  : is  half-hard,  pafling  into  hard  \ 
brittle ; {lightly  adherent  to  the  tongue ; meagre 
to  the  feel,  and  gives  an  argillaceous  odour  when 
moiftened.  Sp.  gr.  according  to  Kirwan,  2. 
424- 

When  thrown  on  a red  hot  iron  it  hifles, 
gives  out  a black  fmoak,  a flight  fulphureous 
fmell,  and  the  remainder  acquires  a reddifti 
colour.  It  does  not  effervefce  with  acids : be- 
fore the  blow-pipe  it  melts  to  a greyilh  clay. 

According  to  Bergman’s  analyfis  it  contains, 
35  Alumine. 

22  Silex. 

43  Sulphur. 


100 

The  refult  of  Monnet’s  analyfis  was, 

50  Alumine 
40  Sulphur 

— with  a little  Iron  and  Potalh 
90 


b Emmerling  Lehrbuch  der  Mineral,  ii.  p.  436.  * Emraerling  jj.  p.  44r. 

* Emmerling  v.  jj.  443. 
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La  Metherie  * is  of  opinion,  that  this  mineral 
is  principally  alum  i'uperfaturated  with  its 
earth,  and  therefore  earthy  and  infoluble  in 
water ; an  opinion  which  is  Angularly  con- 
firmed by  the  late  analyfis  of  fpecimens  from 
La  Tolfa,  by  Vauquelin,b  who  found 
43.92  Alumine 
25.  Sulphuric  acid 
3.08  Potafh 
4.  Water 
24.  Silex 


100.  . . 

This  is  a rare  mineral,  being  found  only  at 
La  Tolfa  in  the  States  of  the  Church,  in  Tuf- 
cany,  and  Upper  Hungary. ' 

At  La  Tolfa  the  alum-ftone  is  found  in  large 
ftrata,  and  large  mafles  among  compa£l  iron- 
fhot  argillaceous  lime-llone,  and  is  mixed  with 
lithomarga,  fluor,  and  calcareous  fpars,  and  pene- 
trated by  veins  of  quartz.  In  Hungary,  pyrites, 
native  fulphur,  and  quartz,  are  often  found  dif- 
perfed  through  it. 

A volcanic  origin  has  been  attributed  to  it, 
but  apparently  without  reafon,  as  the  veins  of 
La  Tolfa  have  been  traced  into  the  Appennines. 

It  is  an  extremely  valuable  fubftance,  being 
the  material  from  which  the  pure  Roman  alum 
is  prepared. c 

ALBUM  GRiECUM,  an  antient  and  ab- 
furd  name  given  to  the  dung  of  dogs  ; formerly 
ufed  for  medicinal  purpofes,  but  now  defervedly 
laid  afide.  As  a part  of  animal  chemiftry  how- 
ever, the  properties  of  Excrement  are  not  to 
be  overlooked,  being  of  no  fmall  importance  in 
fome  manufactures,  particularly  in  the  prepa- 
ration of  leather,  and  in  fome  of  the  procelfes 
connected  with  dying  and  bleaching. 

ALBUMEN.  Albumine , F.  Eywei/loff,  G. 

One  of  the  immediate  conftituent  parts  of 
animal  bodies  which  is  to  be  difcovered  in  a 
vaft  variety  of  organs,  and  by  its  general  uni- 
formity and  comparative  fimplicity  of  compo- 
fition,  deferves  to  be  ranked  among  the  more 
elementary  fubftances,  is  that  which  has  been 
properly  termed  albumen.  It  derives  this  name 
from  being  found  in  great  purity  in  birds  eggs, 
forming  the  clear,  colourlefs,  vifcid  fluid,  called, 
when  coagulated,  the  white. 

White  of  egg  is  a clear,  vifcid,  colourlefs 
liquid,  with  fcarcely  any  tafte  and  fmell.  Even 
when  frefh  it  contains  an  excefs  of  foda,  fo 
that  it  changes  the  blue  of  fyrup  of  violets  to 
green.  It  is  perfectly  mifcible  with  any  quan- 
tity of  pure  water. 


The  mod  linking  property  which  character- 
izes this  and  the  other  liquid  albuminous  liquors, 
is  its  power  of  coagulating  into  a white  elallic 
rnafs  on  the  Ample  application  of  heat.  A tem- 
perature of  about  160°  is  fufficient  for  this  pur- 
pofe.  The  precife  caufe  of  this  kind  of  coagulation 
is  unknown,  and  it  is  one  of  the  moll  Angular 
properties  that  can  exercife  the  attention  of  the 
chemifl,  being  excluAvely  conAned  to  this  ani- 
mal fubftance.  It  has  been  very  erroneoufly 
attributed  to  the  abforption  and  fixation  of  oxy- 
gen, for  this  procefs  will  take  place  equally 
foon  in  clofe  vefiels,  and  under  circumftances 
where  it  is  impoffible  to  trace  the  fmalleft  ope- 
ration of  the  oxygenous  principle.  Carradori 1 
found  that  white  of  egg  coagulated  very  readily 
under  a ftratum  of  olive  oil,  and  during  its 
fixation  no  kind  of  gas  was  either  given  out  or 
abforbed.  Neither  was  there  any  apparent  dif- 
ference of  bulk  between  the  fluid  and  the  fixed 
albumen,  for  the  level  of  the  liquid  by  which  it 
was  confined  in  a narrow  tube,  did  not  alter  in 
any  degree  by  coagulation. 

Scheele  relates  a circumftance,  by  which  he 
infers  (though  not  quite  in  a fatisfa£lory  manner) 
that  coagulation  depends  on  the  chemical  union 
of  caloric.  If  two  portions  of  white  of  egg, 
previoufly  diluted  with  four  parts  of  water,  are 
feparately  mixed  with  carbonated  and  with 
cauftic  potalh,  and  muriatic  acid  afterwards 
added,  the  lolution  in  carbonated  alkali  will 
remain  clear,  whilft  the  other  will  dcpofit  much 
of  the  albumen  in  white  coagulated  flakes.  The 
reafon  he  explains  to  be  that  during  faturation 
of  the  cauftic  alkali  with  an  acid,  heat  is  given 
out,  which  immediately  fixes  the  albumen,  but 
no  encreafe  of  temperature  occurs  with  the  car- 
bonated alkali.  The  reafon  of  previoufly  mixing 
water  with  the  egg  is  to  prevent  die  heat  gene- 
rated by  the  mixture  from  becoming  fenfible. 

If  white  of  egg  is  mixed  with  as  much  as 
eight  times  its  bulk  of  cold  water,  and  well 
agitated,  it  does  not  coagulate  with  the  fame 
eafe,  but  the  albumen  feparates  only  gradually, 
in  the  form  of  tough  pellicles,  on  the  top  of  the 
liquid,  fucceflively  produced. 

All  the  acids  coagulate  this  fubftance,  the 
ftrong  ones  almoft  immediately.  An  excefs  of 
the  mineral  acids  rediflolves  much  of  the  newly- 
formed  coagulum,  which  is  not  the  cafe  with 
the  vegetable  acids.  The  addition  of  water  to 
the  clear  acid  folution,  again  precipitates  part 
of  the  albumen ; but  if  this  is  previoufly  mixed 
with  much  water,  the  addition  of  the  ftrongeft 
acid  only  coagulates  it. 


* Theoriede  la  Terre,  ii.  p.  J>J.  k An.  de  Chim.  tom.  22.  p 275.  c Lenz.verfuchdcr  Miner.  Emmcrling,  ii.  p.  445, 

Kii wan’s  Mineralogy.  » An  Ch.  tom.  29. 
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The  alkaline  and  earthy  falts  produce  no 
change  on  liquid  albumen,  but  the  metallic  falts 
coagulate  it  fooner  or  later. 

The  tanning  principle  produces  coagulation, 
or  rather  a chemical  reparation,  for  when  an 
infufion  of  oak  bark  is  added  to  recent  albumen, 
a precipitate  is  immediately  formed. 

Alcohol  very  fpeedily  fixes  albumen,  even 
when  much  diluted. 

Two  other  animal  liquids  contain  fluid  al- 
bumen in  confiderable  quantity ; they  are  the 
ferum  of  blood  and  milk.  The  cheefe  or  curd 
of  milk  agrees  in  every  property  with  coagulated 
white  of  egg,  and  is  feparated  from  the  watery 
part  by  the  fame  means,  only  it  is  in  a ftate  of 
very  dilute  folution. 

The  morbid  affufion  of  water  in  dropfy,  is 
fometimes  almoft  entirely  albuminous. 

The  further  analyfis  of  albumen  refers  more 
particularly  to  its  coagulated  ftate. 

The  albumen  of  eggs, b if  expofed  to  a mo- 
derate heat,  not  exceeding  that  of  boiling  water, 
in  a dry  place,  foon  {brinks  very  confiderably, 
and  at  the  fame  time  becomes  very  hard,  brittle, 
yellow,  and  femi-tranfparent  like  horn ; after 
which  it  undergoes  no  furtherfpontaneouschange. 
This  horny  matter,  if  digefted  in  boiling  water, 
in  a few  hours  is  foftened,  and  becomes  again 
white,  like  frefh  coagulated  white  of  egg,  after 
which  it  may  be  kept  in  boiling  water  for  many 
days,  without  further  change.  The  water  in 
which  it  has  boiled  is  not  altered  by  oak  bark 
folution,  but  very  (lightly  by  nitro-muriate  of 
tin,  {hewing  that  the  long  coCtion  has  only  dif- 
folved  an  extremely  fmall  portion. 

With  acids  fome  peculiarities  are  to  be  ob- 
ferved,  which  are  of  ufe  in  the  minutiae  of 
analyfis. c 

The  fulphuric  acid  has  very  little  effeCt  on 
folid  albumen,  except  heated,  when  the  albumen 
is  charred  and  blackened,  as  is  the  cafe  with 
moft  animal  matters  in  thefe  circumftances. 

When  long  fteeped  in  cold  muriatic  acid,  it 
gradually  becomes  of  a dark  purple  or  blue 
colour.  This  change  takes  place  in  eight  or  ten 
days,  after  which  no  further  effect  is  produced 
for  many  weeks  or  months.  Very  little  of  the 
albumen  is  diflolved  by  this  procefs.  Nitric 
acid  changes  this  colour  to  a yellow. 

Immerfed  in  cold  nitrous  acid,  rather  dilute, 
the  albumen  is  gradually  foftened  and  opened 
in  its  texture,  and  if  afterwards  taken  out, 
walhed,  and  boiled  in  diftilled  water,  it  entirely 
diflolves  into  a pale  yellow  liquid,  which  af- 
fumes  the  form  of  a thick  jelly  by  flow  evapo- 


ration, and  is  trow  again  foluble  in  water.  So 
that  the  efFe«St  of  this  powerful  acid  is  to  bring 
it  nearly  to  the  ftate  of  gelatin,  and  the  watery 
folution  is  equally  precipitable  by  tanning. 

If  the  nitric  acid  be  concentrated,  or  efpeci- 
ally  heated,  the  whole  is  rapidly  diflolved  with 
extrication  of  nitrous  fumes,  and  pruflic  acid, 
forming  as  before  a yellow  nitrous  folution. 
Ammonia  added  to  thefe  folutions  turns  them 
of  an  orange  or  red  colour,  without  forming 
any  precipitate,  and  the  folution  is  now  ammo- 
niacal. 

All  the  alkalies  when  cauftic,  readily  diflblve 
albumen.  The  fixed  alkalies  boiled  with  it, 
produce  a true  animal  foap,  and  during  the 
procefs  much  ammonia  is  given  out.  This  foap 
diflolved  in  diftilled  water  and  filtrated,  gives  a 
copious  precipitate  on  adding  the  muriatic  or 
acetous  acid.  This  precipitate  is  at  firft  vifcid 
and  yellow,  and  on  chemical  examination  ap- 
pears to  be  the  original  albumen,  little  altered 
in  its  properties,  except  by  being  rendered  rather 
more  foluble  in  water. 

Albumen  expofed,  per  fe,  to  deftruCtive 
diftillation,  affords  fome  water,  carbonated  am- 
monia, a foetid  empyreumatic  oil,  carbonated 
hydrogen  gas,  carbonic  acid  gas,  and  pruflic 
acid.  A fpongy  coal  of  a grey  metallic  luftre 
remains,  which  it  is  extremely  difficult  to  burn 
to  afhes,  as  the  procefs  is  conftantly  flopped 
by  a vitrefcent  coating  which  forms  around 
it.  From  500  grains  of  dry  albumen,  Mr. 
Hatchett  obtained  74.5  grains  of  refidue,  of 
which  63.25  were  mere  coal,  and  the  remaining 
11.25  confifted  of  phofphat  of  lime,  phofphafc 
of  foda,  and  a little  carbonat  of  lime. 

Liquid  albumen  putrifies  with  eafe  when  ex 
pofed  to  a warm  and  moift  air.  It  is  not  fo 
however  with  the  coagulated,  for  in  this  form 
it  may  be  preferred,  even  though  white  and  foft, 
for  feveral  weeks  in  water  without  becoming 
very  putrid,  or  at  all  broken  down  by  this  pro- 
cefs; and  indeed  the  truly  albuminous  parts  of 
the  body  are  among  the  leaft  alterable  ingredi- 
ents of  the  animal  frame.  No  acid  is  generated 
by  liquid  albumen  during  its  putrefaction. 

From  the  experiments  of  the  excellent  che- 
mift  above  mentioned,  which  make  part  of  a 
moft  interefting  feries  of  refearch  on  the  variety 
of  organs  provided  for  the  covering  or  protection 
of  the  living  animal,  it  fully  appears,  that  albu- 
men exifts  almoft  pure  in  the  horn,  nail,  flexible 
{hell,  hair,  feather,  and  fimilar  organs ; that  no 
afcertainable  difference  can  be  deteCted  between 
the  albuminous  part  of  thefe,  and  the  coagulated 


b Hatchett. Phil.Tranf.  vol.  90.  c Hatchett. 
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white  of  egg;  that  it  is  diftinguiffied  from 
gelatin  chiefly  by  its  difficult  folubility  in  water, 
even  when  not  fo  denfe  in  texture  as  the  firmed 
gelatinous  organs,  by  its  very  flow  putrefcibility, 
and  efpecially  by  its  forming  a true  foap  with 
the  caudic  alkalies,  a property  not  in  any  de- 
gree pofTefled  by  animal  gelly.  See  Gelatin. 

The  vegetable  kingdom  is  not  deditute  of 
its  albumen,  though  from  being  more  abun- 
dantly found  in  the  animal,  it  has  been  termed, 
when  vegetable,  vegeto-animal.  Fourcroy c 
obferved  this  fubdance  in  the  expreffed  juice 
of  many  of  the  cruciform  plants,  fuch  as  the 
crefs,  fcurvy-grafs,  &c.  in  cabbage  juice,  and 
in  general  it  may  be  prefumed  to  exid  in  thofe 
vegetables  that  exhale  a putrid  odour  when  dead 
and  expofed  to  circumdances  favourable  to  pu- 
trefaction. 

The  freffi  juice  prefied  from  the  leaves  and 
dalks  of  thefe  plants,  is  at  fird  green  and 
turbid,  and  therefore,  as  pure  albumen  uncoag- 
ulated is  quite  limpid,  the  colouring  matter 
mud  be  another  fubdance  united  with  it.  This 
has  been  termed  the  green  Fecula,  and  is  fepa- 
rable  to  a great  degree  by  filtration,  and  by  mere 
expofure  to  the  air  for  fome  hours.  After  this, 
if  the  clarified  juice  be  now  heated  in  boiling 
water,  a grey  coagulum  is  feparated  in  fmall 
curdy  lumps,  which  agrees  wi:h  albumen  in  all 
its  properties  of  coagulability  by  heat,  folubility 
in  alkalies,  and  ready  putrefcency  without  the 
intermediate  formation  of  an  acid. 

A fimilar  albuminous  matter  is  found  in  wheat 
flour.  If  this  is  worked  up  with  cold  water 
in  the  hands,  into  a very  tenacious  pafie,  and 
a fmall  dream  of  water  is  differed  to  drop 
through  the  pade,  agitating  it  all  the  while  with 
the  fingers,  the  water  runs  off  it  for  fome  time 
quite  white  and  turbid,  till  at  lad  every  thing 
foluble  in  this  fluid,  or  mifcible  with  it,  is  ex- 
tracted from  the  pade,  and  a very  tenacious 
GLUTEN  is  left  in  the  hands.  The  white  fluid, 
by  red,  depofits  the  darch  or  fecula,  and  the 
fupernatant  liquid  remains  clear.  On  expofing 
this  clear  fluid  to  a boiling  heat,  a white  floc- 
culent  coagulum  feparates,  which  exhibits  all 
the  properties  of  albumen. 

In  the  animal  kingdom,  albumen  appears  to 
he  one  of  the  primary  condituent  principles, 
and  its  charaCteridic  properties  are,  on  the 
whole,  diffidently  obvious  to  make  it  a very 
promifing  fubjeCt  for  refearch  to  the  chemical 
phyfiologid. 

ALCOHOL,  or  SPIRIT  OF  WINE.  Efprit 
de  Vin}  F.  WeingeiJ},  G. 


This  is  the  condant  and  mod  chara£teridic 
produft  of  the  vinous  fermentation,  produced 
equally  from  all  fermented  intoxicating  liquors, 
by  the  procefs  of  didillation. 

When  pure,  alcohol  has  the  following  proper- 
ties: it  is  perfectly  limpid  and  colourlefs  as  water, 
has  a drong  penetrating  agreeable  odour,  and 
a very  hot  fiery  tade,  which,  however,  fpeedily 
leaves  the  tongue ; when  ffiaken  in  a glafs  veffel, 
it  ffiews  very  large  bubbles,  which  almod  in- 
dantly  difappear.  It  is  much  lighter  than  water, 
oil,  acids,  or  mod  liquors  with  which  we  are 
acquainted.  The  aCtual  fpecific  gravity  varies 
very  confiderably,  according  to  the  means  em- 
ployed for  its  purification,  fo  that  the  extreme 
term  of  levity  has  not  been  fixed  with  perfeCt 
accuracy.  The  weight  of  the  lighted  alcohol, 
procurable  by  fimple  didillation,  without  any 
addition,  is  about  .825  at  6o°  of  temperature, 
and  by  means,  which  we  fhall  prefently  mention, 
it  may  be  brought  as  low  as  .813,  or  perhaps 
dill  lefs.  On  account  of  its  great  tenuity  and 
liquidity,  it  appears  remarkably  mobile  when 
ffiaken. 

Alcohol  is  incapable  of  congelation  in  any 
degree  of  cold,  natural  or  artificial,  which  has 
hitherto  been  obferved,  and  therefore  it  retards 
in  a high  degree  the  congelation  of  other  liquors 
with  which  it  is  mixed.  So,  equal  parts  of 
alcohol  and  water  require  a cold  of — 6°  to  be 
frozen ; and  if  any  common  fermented  liquor 
be  expofed  to  frod,  only  the  watery  part  will  at 
fird  freeze,  whild  the  fpirituous  portion  remains 
in  the  liquid,  and  caufes  it  to  refid  a much 
greater  cold  than  before. 

Alcohol  evaporates  with  very  great  facility  at 
a much  lower  temperature  than  water.  Held 
in  the  warm  hand,  it  foon  flies  off,  producing 
by  its  evaporation  (as  by  all  converfions  of  fluids 
into  the  gaffeous  form)  a degree  cf  cold,  which 
in  this  indance  is  very  confiderable.  It  evapo- 
rates long  before  it  actually  boils.  The  latter 
takes  place  when  it  is  heated  to  about  165°, 
and  this  boiling  point  is  higher  as  the  fpirit  is 
more  watery,  fo  that  brandy,  a weaker  fpirit, 
boils  at  about  1 8o°.  The  vapour,  in  condenfing, 
exhibits  on  the  tides  of  the  veffel  a peculiar  long 
dreak,  which  is  very  chara£teridic.  Its  readier 
evaporation  than  water  furniffies  an  eafy  method 
of  dephlegmating  it,  or  depriving  it  of  water, 
by  the  mere  application  of  well  regulated  heat. 
When  once  pure,  it  is  unalterable  by  any  num- 
ber of  fucceffive  didillations,  if  without  addition. 

Alcohol  when  poured  gently  on  the  furface 
of  water,  will  remain  on  its  furface  for  a con- 
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fiderable  time,  without  mixing  with  it,  fo  great 
is  the  difference  of  their  refpetlive  gravities  ; 
but  on  fhaking  them  together  they  rapidly  unite, 
extricating  numerous  minute  bubbles,  and  a 
degree  of  heat  very  fenfible  to  the  hand  if  a few 
ounces  of  each  are  ufed,  and  the  veffel  that 
contains  them  not  too  thick.  At  the  fame  time 
a mutual  penetration  takes  place,  fo  that  the 
fpace  occupied  by  the  liquors  after  mixture,  is 
lefs  than  when  feparated.  Hence  too  the 
fpecific  gravity  of  the  mixture  is  greater  than 
the  mean  gravity  of  each  liquor  feparately 
taken,  which  forms  the  foundation  of  many 
interelting  experiments  on  the  gravity  of  fpirit 
and  water,  which  we  {hall  prefently  men- 
tion. The  mutual  penetration  is  {hewn  very 
ftrikingly  in  the  following  manner : procure  a 
thick  glafs  barometer  tube,  with  a bulb  blown 
at  one  extremity,  capable  of  holding  four  or  fix 
ounces  of  water,  pour  down  through  the  nar- 
row end  (holding  the  glafs  with  the  bulb  down- 
wards) about  as  much  water  as  will  half  fill  the 
bulb,  upon  this  pour  alcohol,  coloured  very 
red  with  litmus,  or  any  other  dye,  without 
fhaking  the  tube,  and  fill  it  nearly  to  the  top, 
when  the  coloured  fpirit  will  be  feen  to  reft  on 
the  furface  of  the  water  unmixt : mark  on  the 
outfide  of  the  tube  the  height  to  which  the  fpirit 
reaches ; then,  Hopping  the  open  end  with  the 
finger,  fhake  the  bulb  violently,  fo  as  to  caufe 
the  liquors  to  mix  ; the  glafs  will  feel  fomewhat 
warm  to  the  hand,  and  the  level  to  which  the 
mixed  liquid  rifes  in  the  tube,  will  now  be 
found  at  leaft  an  inch  or  two  lower  than  when 
unmixed. 

•Spirit  of  wine  of  almoft  any  degree  of  ftrength, 
readily  catches  fire  when  a lighted  fubftance  is 
applied,  the  eafier,  the  greater  is  the  ftrength. 
It  burns  with  a pale  flame,  blue  on  the  outfide, 
and  white  in  the  center,  but  fo  faint  as  fcarcely 
to  be  vifible  in  day-light.  If  the  alcohol  is 
highly  pure  or  free  from  water,  every  particle 
of  it  is  confumed,  but  if  watery,  the  fpirituous 
part  only  burns,  and  the  fire  goes  out  as  foon  as 
this  is  nearly  confumed.  It  does  not  require  any 
wick  to  be  fet  on  fire,  but  if  a wick  is  ufed  it  is 
fcarcely  injured  by  the  flame  in  contad:  with  it. 
The  burning  glafs  will  not  kindle  it.  The  com- 
bufticn  of  fpirit  of  wine  has  this  peculiar  cir- 
cumftance,  that  it  is  unattended  with  fmoke, 
or  any  kind  of  fuliginous  vapour,  fo  that  the 
brighteft  metal  plate  held  over  it,  is  not  foiled 
with  the  flame : neither  does  the  refidue  of  com- 
4>uftion  contain  any  coaly  matter,  the  whole 
pradu&s  of  this  procefs  being  only  carbonic 
acid  and  water. 


The  flame  of  alcohol  may  be  beautifully 
coloured  by  the  addition  of  various  fubftances  ; 
all  the  falts  of  copper  give  it  a fine  emerald 
green-,  boracic  acid,  or  borax,  a greenilh  yellow; 
nitre  and  fome  other  neutral  falts,  a dun  yellow ; 
and  the  foluble  falts  of  ftrontian  a deep  blood 
red. 

Spirit  of  wine  is  immediately  obtained  by  the 
procefs  of  diftillation  from  every  fpecies  of 
ardent  fpirits.  The  latter  again,  are  the  pro- 
duces of  a previous  diftillation  of  any  liquor 
which  has  undergone  the  vinous  fermentation, 
fo  that  at  leaft  two  diftillations  are  requifite  to 
obtain  the  purely  fpirituous  part  of  vinous  li- 
quors. We  {hall  refer  to  the  articles  Spirits 
Difiilled , the  many  important  obfervations  to  be 
made  on  the  bufinefs  of  the  diftillery,  and  the 
manufacture  of  brandy,  rum,  and  malt  fpirits  ; 
and  {hall  here  only  defcribe  the  chemical  pro- 
cefs of  rectification,  or  the  preparation  of  alcohol 
from  thefe  fpirits. 

The  fimpleft  procefs  is  the  following : Put 
any  quantity  of  brandy  or  malt  fpirits,  or  rum, 
diluted  with  as  much  water,  into  an  alembic, 
(and  better  furnifhed  with  a water  bath,  as  de- 
fcribed  in  the  Appendix,  though  this  is  not 
abfolutely  neceflary)  join  to  it  the  refrigeratory, 
and  diftill  with  a gentle  heat.  The  firft  pro- 
duct is  invariably  the  ftrongeft  and  pureft. 
The  fpirit  continues  to  come  over  colourlefs, 
but  gradually  diminiftiing  in  ftrength  and 
purity,  till  at  laft  it  is  fo  watery  as  no  longer  to 
take  fire  by  a lighted  match.  After  this,  if  the 
diftillation  be  continued,  the  liquor  becomes 
milky,  fcarcely  fpirituous  to  the  fmell,  and  of  a 
fourilh  tafte.  In  this  procefs  no  advantage  is 
gained  by  continuing  it  after  the  liquor  is  no 
longer  inflammable,  which  happens  when  about 
| or  ± of  the  whole  contents  of  the  alembic  have 
pafled  over.  If  the  firft  fourth  or  third  of 
the  diftilled  fpirit  be  fet  apart,  it  forms  a mo- 
derately ftrong  alcohol,  and  the  remainder,  one 
more  dilute,  which  will  ferve  for  many  pur- 
pofes. 

Simple  diftillation  will  therefore  feparate  the 
alcohol  of  any  ardent  fpirit  from  the  water, 
colouring  matter  and  accidental  impurity,  but 
there  are  two  principles  which  are  not  entirely 
got  rid  of  in  this  manner,  they  are,  an  empyreu- 
matic  flavour  often  given  by  a carelefs  or  too 
hafty  previous  diftillation  of  the  fpirit,  and  a 
ftrong,  often  foetid  oil,  which  the  fpirit  has 
diflolved,  either  out  of  the  caflc  in  which  it  is 
kept,  or  from  fome  of  the  materials  of  fermen- 
tation, or  from  intentional  additions  by  the 
manufacturer.  The  flavour  of  this  oil  is  beft 
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perceived  on  rubbing  fome  of  the  fpirit  on  the 
warm  hands,  whereby  it  readily  evaporates, 
and  a ftale  naufeous  fmell,  like  the  breath  of 
drunkards,  is  left.  The  mere  empyreuma,  or 
burnt  fmell,  goes  off  in  a great  degree  by  keep- 
ing in  charred  calks,  but  the  oil  more  ob- 
ftinately  adheres.15 

The  obfervations  of  Beaume  c on  this  fubjedt 
are  valuable.  This  rnoft  accurate  chemift  re- 
marks that  many  wines,  and  brandies  made 
from  thefe  wines,  are  naturally  more  oily  than 
others,  and  retain  this  flavour  through  fucceflive 
diftillations ; the  rich  Spanilh  wines  much  more 
fo  than  the  French,  and  hence  they  flrould  be 
avoided  in  the  preparation  of  pure  alcohol.  A 
large  and  repeated  dilution  with  water,  and 
diftillation  after  each  dilution,  .will  indeed  very 
effedlually  feparate  the  oil  (as  may  be  obferved 
by  adding  water  to  the  fpirituous  fcented  ef- 
fences,  which  will  make  them  turbid,  and  the 
flavouring  oil  will  fwim  at  the  top),  but  this 
procefs  is  tedious  and  embarrailing  from  the 
quantity  of  weak  liquid.  Dilution  with  water, 
filtration  through  quick-lime  in  clofe  veffels, 
and  fubfequent  diftillation,  will  anfwer  very 
well  if  the  quantity  of  oil  is  not  too  great  •,  hav- 
ing been,  as  Beaume  obferves,  an  old  pradtice 
with  the  Pariiian  liquor-merchants,  who,  to 
efcape  the  barrier  duty  on  raw  fpirits,  ufed  to 
convert  it  into  fcented  fpirits  by  the  addition  of 
a little  effential  oil,  and  afterwards,  by  the 
above  means,  reftore  it  to  its  original  ftate  of 
Ample  fpirit. 

Alum,  fea  fait,  Glauber’s  fait,  calcined  bone, 
chalk,  toafted  crumb  of  bread,  and  many  other 
fubftances  have  been  added,  during  diftillation, 
to  keep  down  the  oil,  all  of  them  with  confider- 
able  but  not  compleat  fuccefs. 

Alkalies  and  lime  remove  it  entirely,  but  with 
fome  alteration  of  the  fpirit  itfelf,  as  we  fhall 
prefently  mention. 

Beaume  recommends  the  following  iudicious 
management  in  diftillation,  to  obtain  part  of  the 
fpirit  confiderably  freed  from  the  oil : it  is 
founded  on  the  fact  that  the  firft  portion  dif- 
tilled  contains  fcarcely  any  oil,  but  the  latter 
produft  is  almoft  faturated  with  it.  Heat 
brandy  in  an  alembic  as  ufual,  and  when  about 
a quarter  of  the  liquor  has  paffed,  fet  it  afide, 
and  continue  the  procefs  as  long  as  the  fpirit  is 
inflammable.  This  latter  fpirit  re-diftill  as  be- 
fore, leparating  the  firft  from  the  laft  product. 
Still  repeat  the  diftillation  on  the  laft  produft 
of  the  foregoing  procefs,  as  long  as  the  firft 
quarter  of  the  product  comes  over  tolerably 
k Collier  Manch.  Mem.  voL  v. 
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pure.  Then  mix  all  the  firft  products  together 
and  diftill,  referving  the  firft  half  for  the  pureft 
alcohol,  and  the  laft  for  ordinary  purpofes. 
Thus  the  oil  is  conftantly  concentrated  into  the 
latter  diftilled  portions,  whilft  the  firft  are 
obtained  proportionably  purer. 

We  have  mentioned  that  Ample  diftillation  of 
alcohol,  however  often  repeated,  and  only  the 
firft  produft  referved,  will  yield  a fpirit  of  the 
fpecific  gravity  of  about  .825  at  6o°,  but  the 
higheft  concentration  is  given  by  the  uie  of 
alkalies  or  lime,  or  in  fome  degree  by  any  fait 
which  has  a very  ftrong  affinity  with  water  ; and 
the  two  former  have  the  additional  advantage 
of  dellroying  the  empyreumatic  oil,  though  the 
alkalies  are  apt,  in  return,  to  communicate 
fomewhat  of  an  urinous  flavour. 

Though  both  the  carbonated  and  cauftic  al- 
kalies have  the  effett  of  concentrating  alcohol, 
a difference  takes  place  in  their  a£Hon  on  this 
liquid.  The  carbonated  alkalies  are  infoluble  in 
the  fpirit,  but  the  cauftic  alkalies  compleatly 
diflblve  in  it.  If  to  a weak  fpirit  is  added  fome 
dry  carbonated  potaffi,  and  ftraken  together, 
the  alkali  becomes  diflolved  only  in  the  water  of 
the  fpirit,  and  thus  two  liquors  appear  of  very 
different  fpecific  gravity,  and  abfoluiely  immif- 
cible  by  agitation.  The  lower  liquor  is  the 
alkaline  folution,  the  upper  the  alcohol,  now 
rendered  ftronger  by  the  lofs  of  the  water,  which 
the  alkali  has  feparated  from  it.  If  the  alcohol 
alone  be  poured  off,  and  mixed  with  a frefh 
quantity  of  dry  carbonated  potafh,  the  alkali  will 
again  either  entirely  diffolve,  or  become  pally, 
according  to  the  quantity  of  fupevfiucus  water 
left  in  the  fpirit ; if  there  is  none,  it  will  remain 
at  the  bottom  untouched. 

This  is  a ready  way  of  bringing  alcohol  to 
very  great  concentration  without  diftillation,  and 
would  anfwer  every  purpol'e,  if  it  were  not  that 
the  dry  carbonated  alkalies  (except  the  cryftal- 
lized)  all  contain  a certain  portion  of  the  fait,, 
in  a ftate  fufficiently  approaching  to  caufticity 
to  be  foluble  in  alcohol ; fo  that  in  the  above 
procefs,  the  liquid  fwimming  above  the  watery 
folution  of  carbonated  potaffi,  is  not  pure  fpirit, 
but  a very  weak  folution  of  cauftic  alkali  in 
alcohol.  To  obtain  it  quite  pure,  add  one  part 
of  very  hot  dry  carbonated  potafh  (good  pearl- 
alh  will  do)  to  about  fix  or  eight  parts  of  alco- 
hol, already  brought  to  confiderable  ftrength 
by  diftillation,  let  them  ftand  together  for  fome 
hours,  frequently  fhaking  them,  then  diftill  with 
a gentle  heat,  and  the  firft  half  or  two-thirds 
of  the  prod u£l  is  the  purefl  alcohol. 

£ I7  km.  de  Pharmacie. 
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Or,  with  lefs  trouble,  add  one  part  of  the 
alkali  to  four  parts  of  brandy,  and  diltill  after 
{landing  together  for  about  a day ; but  the  for- 
mer procefs  is  the  beft. 

Burnt  alum,  dried  Glauber’s  fait,  or  decrepi- 
tated common  fait  may  be  very  conveniently 
fubftituted  for  the  carbonated  alkali. 

Hot,  dry,  cauftic  alkali  is  {fill  more  efficacious 
in  feparating  the  water  from  the  alcohol,  which, 
carefully  diililled,  is  extremely  pure.  But  cauftic 
alkalies,  as  well  as  lime,  decornpoie  io  much  of 
the  alcohol,  in  the  way  that  will  be  afterwards 
mentioned,  as  to  render  it  both  a wafteful  pro- 
cefs and  one  that  requires  more  care  in  con- 
ducing it. 

By  the  above  means  the  levity  and  proportion- 
able  dephlegmation  of  alcohol  may  be  brought 
from  the  fpecific  gravity  of  .825  at  6o°  of  heat, 
to  about  .813°  or  perhaps  ftill  higher.  Malt 
fpirits  yield  as  ftrong  and  pure  an  alcohol  as 
wine  brandy. 

Various  methods  have  been  employed  for 
afcertaining  the  ilrength  of  ardent  fpirit,  but 
this  is  attended  with  more  difficulty  than  might 
at  firft  be  imagined.  Long  habit  will  enable  a 
perfon  to  judge  with  tolerable  accuracy  by  the 
tafte,  and  the  frothinefs  and  fize  of  the  bubbles 
when  fhaken,  but  this  is  obvioufly  liable  to 
error.  The  tefl  of  burning  the  fpirit  has  long 
been  ufed,  and  with  proper  precaution  it  may 
be  brought  to  fome  degree  of  accuracy.  It  has 
been  already  mentioned  that  a very  pure  alcohol 
will  burn  away  without  leaving  any  refidue, 
and  that  the  weaker  the  fpirit  is,  the  more 
water  will  be  left  after  combuftion.  In  many 
countries  this  trial  is  aCually  performed  in  the 
following  fimple  manner. d A cylindrical  filver 
cup,  properly  gradulated  and  made  for  this  pur- 
pose, is  filled  to  a known  height  with  the  fpirit, 
which  is  then  kindled,  and  is  buffered  to  burn 
till  the  flame  goes  out,  after  which  the  quantity 
of  watery  refidue  is  noted.  Pure  alcohol  leaves 
none,  reCified  fpirit  of  moderate  flrength  about 
2;  per  cent,  French  brandy  about  56,  common 
good  malt  fpirit  about  65,  and  the  like.  The 
principal  imperfeCion  of  this  method,  is  the 
difficulty  of  always  performing  the  experiment 
under  fimilar  external  circumftances  : and  be- 
fides  it  is  by  no  means  proved  that  the  ccm- 
buftion  of  compound  fpirits  will  follow  the 
fame  rules  as  that  of  fimple  mixtures  of  alcohol 
and  water.  In  this  trial  the  refidue  ftill  contains 
a portion  of  alcohol,  the  combuftion  ceafing 
before  all  the  fpirit  is  burnt  off ; but  on  the 


other  hand,  fome  of  the  water  mull  neceffarily 
have  been  evaporated  by  the  heat  of  combuftion. 

Another  trial,  though  extremely  incorredt, 
is  to  pour  a few  drops  of  the  fpirit  on  a very 
fmall  heap  of  gunpowder,  and  kindle  it.  The 
fpirit  firft  burns  as  ufual,  and  when  the  lafl 
portion  is  burning  off,  the  powder  explodes, 
if  the  fpirit  has  not  been  too  watery  to  leave 
the  powder  very  damp.  Cotton  wool  burns  in 
like  manner  at  the  end  of  the  combuftion  of 
the  fpirit,  if  not  too  damp.  But  it  is  well 
known  that  a little  heap  of  powder  drenched 
with  even  a ftrong  fpirit,  will  not  take  fire, 
and  a large  heap  will  explode  if  only  a few 
drops  of  a watery  fpirit  is  ufed.  Befides,  thefe 
tefts,  were  they  accurate,  would  only  indicate 
two  degrees  of  flrength,  that  which  would  fire 
the  powder,  and  that  which  would  not. 

Another  tefl,  fufficiently  accurate  for  a rough 
eftimation  of  the  flrength  of  the  fpirit,  is  to 
fhake  it  in  a bottle  with  fome  dry  carbonat  of 
potaffi,  and  to  judge  of  its  flrength  by  the 
quantity  of  water  which  the  alkali  attradls 
from  it. 

A fpirit  that  fwims  in  olive  oil  has  fometimes 
been  coniidered  as  proof,  and  this  method  is 
adlually  ufed  in  the  manufacture  of  rum,  but 
this  tell  alfo  only  indicates  two  degrees. 

The  only  mode  of  afcertaining  the  relative 
flrength  of  every  fpecies  of  ardent  fpirit,  with 
any  confiderable  accuracy,  has  been  by  deter- 
mining its  fpecific  gravity;  and  the  high  public 
importance  of  the  fubje£l  in  countries  where 
the  confumption  of  fpirits  adds  a vafl  fum  to 
the  public  revenue,  has  been  the  means  of  infti- 
tuting  many  very  interefling  feries  of  experi- 
ments to  this  purpofe. 

As  our  limits  will  not  allow  a complete  notice 
of  all  that  has  been  done  on  this  fubje£l  in 
different  countries,  we  fhall  principally  confine 
ourfelves  to  the  very  minute,  accurate,  and 
every  way  excellent  feries  of  experiments  made 
for  the  Honourable  Board  of  Excife,  by  Sir 
Charles  Blagden,  affifted  by  Mr.  Gilpin,  and 
publifhed  in  the  79th  and  82d  volumes  of  the 
Philofophical  Tranfa£tions. 

Their  obje£t  was  to  determine  by  a£lual 
experiment,  the  fpecific  gravity  of  mixtures  of 
different  proportions  of  alcohol  of  a determi- 
nate ftrength,  with  pure  diftilled  water  at 
different  degrees  of  the  thermometer;  and  thefe 
experiments  were  carried  to  a minutenefs 
much  more  than  neceffary  even  for  the  high 
duties  now  levied  on  fpirits,  where  « trifling 
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difference  in  ftrength  becomes  an  object  of  at- 
tention. 

It  is  affumed  as  a principle  in  the  prefent 
mode  of  laying  the  duties,  that  all  kinds  of 
diftilled  fpirits  contain  an  equal  proportion  of 
real  alcohol  with  a mixture  of  pure  alcohol 
and  water,  brought  to  the  fame  fpecific  gravity, 
and  therefore  it  is  on  the  abfolute  quantity  of 
alcohol  in  any  mixture  that  the  duty  is  levied. 
This  pofition  though  fufficiently  accurate  for 
the  purpofes  of  the  revenue,  is  not  abfolutely 
true;  fince  ardent  fpirit  will  diffolve  various  fub- 
ftances,  fuch  as  fugar,  colouring  matter,  & c. 
the  effedb  of  which  folution  will  be  to  encreafe 
its  denfity,  and  therefore  to  make  it  appear  to 
contain  lefs  alcohol  than  is  really  the  cafe. 

The  whole  expanfion  of  alcohol1  as  pure  as 
fimple  diflillation  will  give,  when  raifed  from 
the  temperature  of  30°  to  ioo°  is  about  one- 
twelfth  of  the  bulk  which  it  had  at  30°;  and 
within  this  range  the  expanfion  is  pretty  equal 
for  equal  increments  of  heat.  On  the  other  hand, 
the  expanfion  of  water  within  the  fame  range 
of  from  30°  to  ioo°  is  only  -^5-  of  its  bulk  at 
30°.  Befides,  a curious  property  of  water,  dif- 
covered  by  Dr.  Blagden,  here  comes  into  adbion, 
which  is,  that  (contrary  to  the  nature  of  all 
other  known  liquids)  it  has  arrived  at  its  greateft 
denfity  much  before  it  is  cooled  down  to  its 
freezing  point,  namely  at  40°  or  420,  and  that 
between  this  temperature  and  30°  its  fpecific 
gravity  regularly  goes  on  diminifhing  till  con- 
gealed. So  that  the  gravity  of  water  at  30° 
is  found  to  be  no  more  than  at  48!°. 

When  alcohol  and  water  are  mixed,  a mutual 
penetration  of  the  two  liquors  takes  place,  as 
we  have  already  mentioned,  and  the  liquors 
occupy  lefs  room  mixed  than  feparate,  fo  that 
the  fpecific  gravity  of  the  mixture  is  greater 
than  the  mean  fpecific  gravity  of  the  two, 
before  mixture.  The  anomaly  in  the  adbion 
of  heat  on  water  below  420  has  juft  been 
noted,  but  another  fource  of  complication  in 
calculating  the  denfities  of  fpirit  and  water, 
arifes  from  the  following  circumftance  : with  a 
heat  gradually  raifed  from  420  upwards  to  ioo°, 
water  at.  firft  expands  flower  in  comparifon  to 


its  entire  increafe,  than  alcohol ; but  afterwards, 
when  approaching  to  the  higheft  term  of  heat, 
its  expanfion  is  proportionably  greater  than 
that  of  alcohol.  Hence  it  is  that  a mixture 
of  thefe  two  liquids  will  approach  the  nearer 
to  the  progreftive  ratio  of  expanfion  of  the  one 
or  the  other,  in  proportion  as  one  or  the  other 
liquor  predominates  in  the  mixture.  But,  again, 
the  abfolute  expanfion  will  be  greater  as  there  is 
more  alcohol  in  the  mixture. 

All  thefe  circumftances  indicated  the  danger 
of  trufting  to  mere  calculation  from  a very  few 
data  (as  had  been  done  by  other  fcientific 
perfons)  to  compofe  tables  of  the  expanfion  of 
alcohol  and  water,  with  even  tolerable  corredb- 
nefs ; and  hence  Sir  C.  Blagden,  and  his  coad- 
jutor, determined  to  undertake  fo  many  adbual 
experiments  on  the  fpecific  gravity  of  mixtures 
of  alcohol  and  water,  at  various  temperatures, 
as  to  leave  but  very  little  room  for  incorredb- 
nefs  in  the  fpaces  on  the  fcale  filled  up  by  inter- 
polation. The  pure,  or  ftandard  alcohol,  was 
that  of  .825  at  6o°,  being  the  pureft  obtainable 
by  fimple  diftillation,  lowered  a very  little  by 
water  to  bring  it  to  even  numbers  for  the  con- 
venience of  calculation.  The  fpecific  gravity 
was  taken,  in  every  cafe,  by  filling  the  fame 
bottle  to  a known  height  with  the  fpirit,  and 
weighing  it.  To  enfure  a perfedb  penetration 
of  the  fpirit  and  water,  they  were  never  ufed 
till  they  had  been  mixed  for  a month,  and  often 
fhaken.  The  extreme  precautions  taken  to  en- 
fure as  great  accuracy  as  human  inftruments 
can  command,  are  given  in  detail  in  the  original 
memoirs.  The  adbual  experiments  were,  the 
fpecific  gravities,  firft  of  the  pure  fpirit,  then  of 
1 00  parts  of  it  (by  weight)  with  every  five  parts 
of  water,  from  5 to  100,  and  laftlyof  100  parts 
of  water  with  every  five  parts  of  fpirit ; all  of 
them  taken  at  every  fifth  degree  of  heat,  from 
30  to  100.  The  intermediate  degrees,  both  of 
temperature  and  of  proportion  of  water  or  fpirit, 
are  filled  by  interpolation. 

The  following  Table,  extradbed  from  Mr. 
Gilpin’s  corredbed  tables,  in  the  82d  vol.  of  the 
Philofophical  Tranfadbions,  will  apply  to  mod 
cafes  which  may  be  wanted  in  chemical  enquiry. 
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Table  of  the  Specific  Gravity  of  Mixtures  of  Alcohol  and  Water,  at  different  temperatures. 


Pure 

Heat 

Alcohol. 

40° 

.83445 

45 

.83214 

5° 

.82977 

51 

.82929 

52 

.82881 

53 

.82833 

54 

.82784 

55 

.82736 

56 

.82689 

57 

.82642 

58 

.82594 

59 

•82547 

60 

.82500 

61 

•82453 

62 

.82405 

63 

•82357 

64 

.823IO 

65 

.82262 

66 

.82214 

67 

.82167 

68 

.82119 

69 

.82071 

70 

.82023 

75 

.81780 

80 

.81530 

One  hundred  parts  (by  weight)  of  pure  Alcohol 
with 

i — * \ 

5 Water  loWater  15  Water  loWater  3oWaterj4oWater  30 Water  6oWater  7oWater  8oWater  9oWater 


■84539 

.84310 

.84076 

.84028 

83980 

•83932 

.83883 

•83834 

•83787 

.83740 

•83693 

.83646 

•83595 

•83552 

.83504 

•83457 

.83409 

.83362 

-83325 

.83268 

.83221 

•83173 

•83i24 

.82878 

.82631 


85507 

85277 

85042 

84994 

84946 

.84898 

.84859 

,84802 

,84756 

.84709 

.84662 

.84615 

.84568 

.84520 

■84473 

.84426 

•84379 

•84334 

.84286 

•84237 

.84189 

.84141 

.14092 

.83851 

.83603 


86361 

86131 

85902 

85855 

85808 

85760 

,85712 

,85664 

.85618 

•85571 

,85521 

■85477 

.85430 

.85382 

•85335 

.85288 

,85241 

•85193 

,85145 

.85096 

.85048 

.84999 

.84951 

.84710 

.84467' 


87134 

86907 

86676 

86629 

86582 

86535 

,86488 
.86441 
.86395 
.86348 
.86302 
.86256 
.86208 
.86162 
.861 15 
.86069 
.86022 
.85976 
.85928 
.85880 

•85832 

.85784 

•85736 

.85496 

.85248 


88481 

88255 

88030 

8798^ 

87937 

87890 

87843 

87796 

8775 

,87704 

87659 

,87614 

,87569 

•87523 

.87476 

,87430 

,87384 

87337 

87291 

87245 

87198 

87151 

,87105 

,86864 

,86622 


89617 

89396 

89174 

89128 

89083 

89037 

88991 

.88945 

.88900 

.88855 

.88810 

.88795 

.88720 

.88674 

.88628 

.88582 

.88536 

.88490 

.88443 

.88395 

.88348 

.88301 

.88254 

.88018 

.87776 


.90596 

.90380 

.90160 

.90115 

.90069 

.90024 

.89978 

•89933 

.89887 

.89842 

.89797 

.89752 

.89707 

.89662 

.89617 

.89571 

•89525 

.89479 

•89433 

•89387 

.89342 

.89297 

.89252 

.890x8 

.88781 


.91428 

.91211 

.90997 

.90952 

.90906 

.90860 

.90814 

.90768 

.90724 

.90681 

.90638 

•9°595 

.90549 

.90504 

.90460 

.90416 

.90372 

.90328 

.90284 

.90239 

.90x94 

.90149 

.90104 

.89872 

.89639 


92151 

91937 

91723 

.91679 

.91634 

.91590 

•91546 

.91502 

•91459 

.914x6 

91373 

91330 

.91287 

.91242 

.91198 

.91154 

.91110 

.91066 

.91023 

•9°978 

.90934 

.90890 

.90847 

.90617 

.90385 


92783 

92570 

92358 

92316 

92274 

92231 

92189 

92145 

.92102 

.92059 

.92019 

•91975 

•91933 

.91890 

.91847 

.91803 

91759 

9x715 

.91670 

.91625 

.91581 

•91537 

•91493 

.91270 

.91046 


93341 

93i3i 

92919 

92877 

92835 

92793 

92751 

,92707 

.92666 

.92625 

•92583 

92541 

92499 

92455 

,92412 

•92369 

.92326 

.92283 

92241 

.92198 

•92155 

.92112 

.92662 

.91849 

.91622 


Heat 


40° 

45 

50 

55 

60 

65 

70 

75 

80 


One  hundred  parts  (by  weight)  of  Water 
with 


roOAlc.t  (joAlc.  8oAlc.  70AIC.  6oAlc.  joAlc.  40AIC.  30AIC.  20A1c.  ioAlc 


•93827 

.93621 

93419 

.93208 

.93002 

.92794 

.92580 

.92364 

.92142 


94295 

.94096 

•93897 

.93696 

•93493 

.93285 

.93076 

.92865 

.92646 


94802 
24605 
94414 
,94213 
,940 1 8 
,93822 
,93616 

93413; 

.93201 


•95328 

•95M3 

.94958 

•94767 

•94579 

.94388 

•94193 

93989 

93785 


95879 

•957°5 

•95534 

95357 

•95i8i 

.95000 

.94813 

.94623 

•94431 


96434 

96280 

96126 

.95966 

,95804 

'95635 

.95469 

.95292 

.95111 


96967 

96840 

,96708 

96575 

,96437 

,96288 

•96143 

.95987 

.95826 


.97472 

•97384 

.97284 

.97181 

.97074 

.96959 

.96836 

.90708 

.96568 


98033 

97980 

97920 

97847 

97771 

97688 

97596 

97495 

•97385 


98795 

98774 

98745 

98702 

.98654 

•98594 

•98527 

.98454 

.98367 
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Befides  the  fpecific  gravities  here  given,  the  and  the  like.  Some  of  thefe  chiefly  concern 
original  tables  contain  feveral  particulars  de-  the  bufinefs  of  the  excifeman,  but  with  regard 
duced  from  the  experiments,  fuch  as  the  quan-  to  the  condenfation,  we  fhall  extraft  the  fol- 
tity  of  real  fpirit  in  a given  bulk  of  the  mixtures,  lowing  refults  deduced  from  the  fame  tables, 
the  a&ual  condenfation  exprefled  in  numbers, 

One  hundred  parts,  in  bulk,  of  the  pure  fpirit,  at  the  temperature  of  6 o°,  mixed 


of  ’water 

h 2 c diminifh  in  bulk 

parts 

2.31  being  about 

Vtt  of  the  whole  before  mixture 

5° 

3.76 

1 O 
405 

75 

4.82 

1 0 
3 6 3 

100 

5.60 

1 0 

777 

125 

6.15 

t 0 

76  5 

150 

6-53 

1 0 

777 

175 

6.76 

1 0 
TTo  6 

200 

6.81 

1 0 
7To 

Hence  it  appears  that  the  greateft  diminution  attention  to  the  fubje<T,  Briffon  and  Beaume. 
in  bulk,  or  concentration,  in  proportion  to  the  The  experiments  of  each  are  made  with  much 
quantity  of  ingredients , which  takes  place  between  lefs  minutenefs,  and  there  is  reafon  to  believe 
alcohol  and  water,  occurs  when  equal  bulks  of  with  lefs  accuracy  than  thofe  of  Blagdenland 
each  are  ufed,  being  more  than  a thirty-fixth  Gilpin.  Thofe  of  Brifl'on  were  only  made  for 
of  the  whole;  but  the  greateft  poflible  dimi-  one  temperature,  that  of  io°  of  Reaumur  (equal 
nution  obtainable  by  any  admixture  of  water,  to  54^°  Fahrenheit,  and  the  ufual  ftandard  heat 
happens  when  two  parts  of  water  are  added  to  taken  by  the  French  philofophers  for  experi- 
one  of  alcohol,  being  6.81  parts  where  100  of  ments  of  this  kind).  Thofe  of  Beaume  were 
alcohol  are  employed.  This  laft  is  the  higheft  taken  at  every  fifth  degree  of  Reaumur,  (from 
term  of  aSlual  diminution,  as  it  is  again  lefs  than  o.  to  about  xoo  Fahrenheit.)  Beaume’s  experi- 
6.81  in  100,  if  ftill  more  water  is  added.  ments  form  the  bafis  of  his  graduated  fpirit 

The  following  refults  are  given  by  two  emi-  hydrometer  ( pefe  liqueur ) which  is  ftill  employed 
nent  French  chemifts,  who  have  paid  great  in  France. 


Brisson’s  Table. 

(Heat  54|°.  Fahrenheit.) 

(The  ftandard  Alcohol  being  .8293  and  the  mixtures  made  by  weight.) 


Alcohol  Water 

Sp.  Grav. 

. Alcohol 

Water 

Sp.  Grat 

16  with 

0. 

.8293 

8 with  8 

.9427 

T5 

1 

.8527 

7 

9 

•9519 

14 

2 

.8674 

6 

10 

.9598 

*3 

3 

.8815 

5 

1 1 

.9674 

12 

4 

.8947 

4 

12 

•9733 

S I 

5 

.9075 

3 

*3 

•979 1 

to 

6 

•9I99 

2 

14 

.9852 

9 

7 

•93  *7 

X 

*5 

•99 1 9 

0 

16 

1. 0000 

r BEAUME’s  TABLE. 


(Heat  54}0  Fahr.  The  ftandard  alcohol  .8276,  and  the  mixtures  made  by  weight  / 


Alcohol 

Water 

Degrees 

of 

Beaumes 

Hydrometer 

Correfpondinj- 
Sp.  Gravity 

16. 

with  O. 

40 

.8276 

*5 

I 

37 

.8421 

T4 

2 

34 

•8571 

*3 

3 

32 

.8675 

12 

4 

29I 

.8807 

1 1 

5 

27 

.8944 

10 

6 

25 

.9057 

9 

7 

23 

•9*72 

8 

8 

21 

.9290 

7 

9 

l9\ 

.9382 

6 

xo 

18 

•9474 

5 

1 1 

16-t 

.9569 

4 

12 

*5 

.9666 

3 

x3 

*4 

•973° 

2 

x4 

r3 

.9796 

1 

x5 

12 

.9863 

0 

16 

10 

1. 0000 

From  the  above  table  it  appears  that  the 
author’s  fpirit  hydrometer,  at  the  temperature 
of  io°  Reaumur  (54^°  Fahr.)  indicates  40  de- 
grees for  the  pure  fpirit,  which  is  what  the 
author  alfo  calls  prodigieufemetit  reEltfie^  or  fpirit 
re&ified  by  fimple  but  repeated  diftillation,  the 
firft  third,  or  fourth  part,  of  the  product  only 
being  taken.  It  is  fatisfadlory  to  obferve  how 
very  exa£Uy  this  accords  with  Blagden’s  ftan- 
dard  alcohol,  which  is  procured  in  the  fame 
manner,  and  is  Hated  to  be  at  550,  .82736  fpe- 
cific  gravity,  fo  that  thefe  two  may  be  compared 
in  all  their  gradations.  In  point  of  accuracy  of 
inftruments,  however,  they  are  by  no  means 
comparable,  thofe  of  Blagden  and  Gilpin  being 
extremely  delicate,  whereas  the  incompetency 
of  the  hydrometer  with  the  varying  point  of 
immerfion,  to  very  great  accuracy,  is  now  fully 
admitted.  The  entire  range  in  this  inftrument 
is  30  degrees,  the  zero  or  point  for  diftilled 
water  being  marked  for  10  degrees.  See  the 
article  HYDROMETER. 

To  proceed  to  the  chemical  compofition  of 
Alcohol.  The  remarkable  circumftance  of  the 
produftion  of  water  without  any  fmoke  or  per- 
ceptible vapour,  from  the  burning  of  fpirits, 
was  early  noticed  by  Juncker,  Geoffrey,  and 
Bcerhaave ; but  the  reafon  of  this  phenomenon 
has  been  explained,  by  performing  the  experi- 
ment in  the  more  accurate  methods,  which  are 
entirely  due  to  modern  chemiftry ; namely,  by 
operating  upon  known  quantities  in  given  por- 


tions of  air,  and  examining  both  the  produ&s 
and  refidues  of  combuftion.  Several  modes 
have  been  purfued  in  the  analyfis  of  this  fub- 
ftance,  for  the  procefs  prefents  confiderable 
difficulties.  Lavoifier  attempted  to  burn  a quan- 
tity of  it  in  a fmall  lamp,  confined  in  a jar  of 
oxygen  gas ; but  this  is  attended  with  no  fmall 
degree  of  danger  •,  for  if  the  fpirit  has  remained 
long  enough  in  conta£I  with  the  oxygen  to  be 
in  part  volatilized  and  mixed  with  it,  the  firft 
application  of  fire  to  the  fpirit  alfo  kindles  the 
whole  air  thus  mixed,  and  caufes  as  formidable 
an  explofion  as  that  occafioned  by  firing  oxygen 
and  hydrogen  gaffes.  Even  if  the  fpirit  be 
kindled  as  foon  as  introduced  within  the  oxygen, 
if  the  combuftion  goes  on  rapidly,  the  heat 
thereby  generated  evaporates  part  of  the  fpirit 
within  the  jar,  which  then  explodes,  as  in  the 
former  cafe.  Only  very  fmall  quantities  of  fpirit 
can  be  confirmed  in  clofe  veffels,  unlefs  air  be 
furniffied  to  it  very  gradually  whilft  burning, 
but  with  this  precaution  an  experiment  of  Ef- 
ficient magnitude  may  be  performed. 

Lavoifier  h employ  ed  for  this  purpofe  a large 
bell  glafs,  holding  from  700  to  800  cubic  inches, 
and  inverted  over  a mercurial  trough.  A fmall 
lamp,  filled  with  a known  weight  of  alcohol, 
was  introduced  under  the  glafs,  fwimming  on 
the  furface  of  the  mercury,  and  the  wick  was 
armed  with  a minute  portion  of  phofphorus. 
The  common  air  within  the  glafs  was  fucked 
out  by  a fyphon,  till  the  mercury  rofe  to  a cer- 
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tain  height,  wluch  was  noted,  and  the  wick 
being  then  kindled  the  fpirit  took  fire.  When 
the  flame  was  weakened,  a frelh  fupply  of  air 
was  fent  into  the  bell-glafs  from  a refervoir  of 
oxygen  gas,  through  a fyphon  tube,  and  this 
was  kept  up  with  great  precaution,  till  the 
quantity  of  carbonic  acid  generated  was  fo  great 
as  to  extinguilh  the  flame.  On  examining  the 
refults,  it  was  found  that  93.5  grains  of  alcohol 
and  1 10.32  grains  of  oxygen  had  been  expended 
in  the  combuftion.  The  products  were  93.8 
grains  of  carbonic  acid,  and  106.2  grains  of 
water,  fo  that  the  quantity  of  water  exceeded  by 
12.7  grains  the  entire  quantity  of  the  alcohol.  From 
thele  data,  and  from  previous  experiments  on 
the  proportion  of  oxygen  required  to  convert 
carbon  into  carbonic  acid,  and  hydrogen  into 
water,  Lavoifier  concluded  the  compofition  of 
the  alcohol,  on  which  he  operated,  to  be  as 
follows : 


Carbon  - --  --  --  --  28.53 

Hydrogen  - --  --  --  - 7.87 


Water  (already  exifting  in  the  alcohol)  63.6 


100.00 

Whatever  doubts  may  be  thrown  on  the 
entire  accuracy  of  the  numbers  here  given,  two 
principal  points  are  afcertained  to  be  the  leading 
objects  of  remark  in  the  analyfis  of  alcohol  by 
combuftion,  namely,  the  produdtion  of  carbonic 
acid,  and  the  generation  of  a quantity  of  water, 
even  more  than  that  of  the  alcohol  itfelf.  In 
the  latter  circumftance,  the  combuftion  of  alco- 
hol agrees  with  that  of  hydrogen,  in  the  former 
it  differs. 

The  mere  production  of  water  was  exhibited 
by  Lavoifier  in  the  following  method.  A fpirit 
lamp,  drawing  air  freely  from  the  atmofphere, 
was  fet  within  a fmall  chimney,  which  con- 
duced the  heated  vapour  into  a fpiral  worm 
tube,  kept  cool  by  being  furrounded  with  cold 
water,  as  in  common  diftillation.  The  water 
produced  by  the  burned  alcohol  was  condenfed 
in  the  warm  tube,  and  being  collected  and  ac- 
curately meafured,  was  found  to  exceed  the 
quantity  of  fpirit  confumed  by  about  one  fix- 
teenth  ; fixteen  ounces  of  fpirit  having  generated 
about  feventeen  ounces  of  water.  The  carbonic 
acid  produced  at  the  fame  time,  was  not  noted. 

The  experiments  of  Dr.  Prieftley  alfo  throw 
much  light  on  the  compofition  of  alcohol.  By 
taking  the  eleCric  fpark  in  this  fluid,  he  ob- 
tained from  it  a confiderable  quantity  of  highly 
inflammable  air. ' But  the  moft  curious  expe- 
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riments  were  made  by  pafling  the  vapour  of 
heated  alcohol  through  tubes  of  earth  or  copper 
made  red  hot. k When  earthen  tubes  were  ufed, 
the  fpirit  was  moftly  converted  into  inflammable 
air,  the  tubes  themfelves  remaining  unaltered. 
But  it  was  otherwife  with  the  copper  tubes, 
for,  as  the  author  obferves,  “ the  vapour  of 
“ the  fpirit  of  wine  had  no  fooner  entered  the 
K hot  copper  tube,  than  I perfectly  aftonifhed 
“ at  the  rapid  production  of  air.  It  refembled 
“ the  blowing  of  a pair  of  bellows.  But  I had 
“ not  ufed  four  ounces  of  the  fpirit  of  wine, 
“ before  I very  unexpectedly  found  that  the 
“ tube  was  perforated  in  feveral  places,  and 
“ prefently  afterwards  was  fo  far  deftroyed, 
u that  in  attempting  to  remove  it  from  the  fire, 
“ it  aCtually  fell  in  pieces.  The  infide  was  full 
“ of  a black  footy  matter  refembling  lamp- 
“ black.” 

Not  only  was  much  of  this  footy  matter  de- 
tained by  union  with  the  copper,  but  a very  large 
quantity  efcaped  in  the  form  of  a black  inco- 
ercible  vapour,  which  prefently  filled  all  the 
veflels  that  were  fet  to  receive  it,  and  could  not 
even  be  condenfed  by  pafling  through  water. 
The  copper,  rendered  black  and  friable  by  this 
procefs,  the  author  terms  charcoal  of  copper.  The 
other  metals  that  were  tried  did  not  anfvver  fo 
well  as  copper  in  decompofing  the  alcohol. 

Dr.  Prieftley’ s valuable  experiments  were  re- 
peated by  Dr.  Van  Marum,  and  the  other  afloci- 
ated  chemifts  of  the  Teylerian  Inftitution  of 
Amfterdam.  Wedgewood’s  porcelain  tubes 
were  employed,  which  were  prevented  from 
cracking  on  the  fudden  application  of  heat,  by- 
being  firft  inclofed  in  iron  tubes  the  length  of 
the  furnace.  One  extremity  of  the  earthen 
tube  united  with  the  retort  in  which  the  alcohol 
was  boiled,  the  other  terminated  in  a metallic 
ferpentine,  or  fpiral  tube,  immerfed  in  water, 
to  receive  and  condenfe  the  vapours  which 
might  be  generated.  Copper  wire  was  intro- 
duced within  the  earthen  tube,  and  when  made 
red  hot,  the  vapour  of  the  boiling  fpirit  was 
fent  through.  The  refults  of  the  different  ex- 
periments were  the  fame  efientially  with  thofe 
of  Dr.  Prieftley,  that  is,  the  alcohol  was  dccom- 
pofed,  and  furnifhed  much  carbonaceous  matter, 
which  united  with  the  copper,  converting  it 
to  a friable  carburet.  Dr.  Van  Marum  alfo 
found  that  a very  large  quantitv  of  hydrogen 
gas  was  given  out  in  tire  procefs,  the  more 
abundant  in  proportion  to  the  intenfity  of  heat 
in  the  tube.  Three  ounces  of  alcohol  in  one 
experiment,  gave  ten  cubic  feet  of  carburetted 
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hydrogen  gas,  and  180  grains  of  charcoal, 
united  with  the  copper ; but  the  refults  of  the 
other  experiments  differed  as  much  in  the  pro- 
portion of  this  matter  as  that  of  the  hydrogen. 

Thefe  experiments,  though  highly  curious-, 
are  too  variable,  and  offer  too  complicated  re- 
fults, to  throw  much  light  on  the  actual  pro- 
portion of  the  conflituent  parts  of  alcohol : for, 
on  the  one  hand,  the  charcoal  produced  does 
not  equal  the  quantity  eflimated  to  exift  in 
l'pirit  by  Lavoifier’s  experiment;  and  on  the 
other,  the  quantity  of  the  hydrogen  gas  given 
out  is  fo  great,  and  its  nature  and  proportion 
of  difjfolved  carbon  probably  fo  various,  in 
different  parts  of  the  procefs,  that  no  calculation 
can  be  made  from  it  with  fufficient  accuracy. 

We  can  therefore  at  prefent  only  infer  from 
all  that  has  been  done  on  the  compofition  of  alco- 
hol, that  it  is  compofed  of  fome  hydrogen  and 
much  carbon,  probably  in  intimate  union  with 
each  other,  alio  joined  to  a certain  proportion 
of  water,  varying  according  to  the  fpecific 
gravity  of  the  fpirit;  but  which  even  in  the  moil 
concentrated  alcohol  which  we  are  able  to  pro- 
duce by  art,  forms,  perhaps,  full  half  its  weight, 
and  appears  to  be  a neceffary  conflituent. 

With  the  large  proportion  of  carbon  which 
alcohol  alfo  contains,  it  is  not  eafy  to  explain 
why,  during  its  combuftion,  contrary  to  the 
habitude  of  moll  other  vegetable  matter,  every 
part  capable  of  burnino,  is  at  once  moil  com- 
pletely oxygenized  in  the  higheft  degree  ; and 
why,  with  fo  large  a proportion  of  water  of 
compofition,  it  is  found  to  be,  when  pure,  fo 
highly  combuilible. 

The  mutual  action  between  alcohol  and  va- 
rious faline  fubilances,  deferves  notice. 

The  fixed  alkalies,  when  cauftic,  are  foluble 
in  this  fpirit,  as  we  have  already  mentioned, 
but  the  carbonated  alkalies  have  no  other  adlion 
on  it  than  to  deprive  it  of  its  redundant  water. 
When  cauftic  alkali  is  digefted  with  alcohol,  in 
a fliort  time  the  fpirit  becomes  of  a yellowifh, 
and  afterwards  of  a high  red  brown  colour,  as 
it  takes  up  the  alkali.  This  folution  is  the 
TinEiure  of  Tartar  of  Van  Helmont,  now  difufed 
in  medicine.  The  folution  may  be  made  either 
by  adding  the  cauftic  alkali  alone  to  the  fpirit, 
or  by  mixing  two  parts  of  flacked  lime,  and  one 
of  carbonated  potafh,  with  eight  of  alcohol,1 
and  frequently  fhaking  the  mixture  till  the 
whole  is  diflblved.  The  ftrongeft  alcohol  dif- 
folves  about  0.187  of  its  weight  of  dry  cauftic 
potafh,  when  heated.  The  fpirit  however  is 
decompofed,  partially  or  entirely  according  to 
the  time  of  digeftion,  by  this  mixture. 

1 Meyer. 


The  hot  alkaline  folution  depofits  on  cooling, 
though  kept  in  a clofe  veflel,  many  rhomboidal 
or  fpicular  cryflals,  the  nature  of  which  was 
not  at  firft  well  underftood,  but  which  are  now 
fully  proved  to  be  the  cryftallized,  or  fully 
faturated  carbonated  potafh.  The  fource  of  the 
carbonic  acid  in  this  cafe,  muft  be  the  alcohol, 
which  therefore  muft  have  undergone  decom- 
pofition.  Pelletier™  kept  a pound  of  alcohol  in 
digeftion  with  four  ounces  of  cauftic  potafn 
for  two  years,  in  a matrafs  flopped  at  the 
mouth  with  parchment.  At  the  end  of  this 
time  no  fpirituous  principle  remained  in  the 
liquor,  which  was  of  a deep  red,  and  had  depo- 
fited  a large  quantity  of  cryftals  of  potafh  fully 
faturated  with  cai'bonic  acid. 

If  the  alcohol  is  diftilled  off  the  recent  mix- 
ture with  cauftic  alkali,  it  riles  extremely  pure 
and  dephlegmated,  but  at  the  fame  time  it 
undergoes  much  lofs  in  quantity  of  a£lual  l'pirit, 
and  if  this  be  repeatedly  abftradled  by  diftilla- 
tion,  the  fpirit  is  loft,  being  converted  partly 
into  carbonic  acid,  and  alfo  into  the  acetous, 
both  of  which  appear  united  with  the  alkali  into 
the  carbonat  and  acetite  of  potafh.  Lime  de- 
compofes  the  fpirit  by  diftillation  as  potafh 
does,  much  water  is  feparated,  the  fpirituous 
is  exchanged  for  a nauleous  fmell  and  tafte, 
and  the  lime  becomes  carbonated.  Lime  water 
fimply  depofits  its  lime  when  mixed  with 
pure  alcohol,  and  the  earth  is  in  a cauftic 
ftate. 

Pure  ammonia  readily  difTolves  in  alcohol, 
and  the  carbonated  volatile  alkali  to  a certain 
degree,  efpecially  when  united  by  means  of 
diftillation.  However,  alcohol  added  to  a fatu- 
rated folution  of  carbonated  ammonia  in  water, 
feparates  the  greateft  part  of  the  fait  in  a con- 
fufedly  cryftalline  mafs  called  formerly  Offa 
Alba  Helmontii.  (See  Ammonia). 

The  ftronger  acids  a6l  in  a very  remarkable 
degree  upon  alcohol,  producing  by  the  mixture 
that  fragrant,  light,  inflammable  liquid  called 
Ether  ; and  alfo  a quantity  of  carbonic,  oxalic, 
and  acetic  acids,  all  arifing  from  the  mutual 
decompofition  of  the  fpirit  and  acid.  We  fhalt 
deferibe,  under  the  article  Ether , the  various 
procefles  for  obtaining  it,  and  fhall  here  only 
mention  a few  of  the  fa£ts  which  throw  light 
on  the  compofition  of  ardent  fpirit. 

Scheele  obferved,  that  when  fpirit  of  wine 
and  fulphuric  acid  are  diftilled  together,  after 
the  ethereous  product  is  given  out,  a quantity 
of  acetous  acid  rifes  by  continuing  the  heat, 
which  is  mixed  with  the  fulphureous  acid  gas. 

But  the  nitric  acid  a£ts  with  more  energy 
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in  decompofing  alcohol.  Bergman  mentions 
that  the  refidue  left  after  diftilling  twenty-four 
parts  of  nitrous  acid  and  eight  of  alcohol,  if 
re-diflblved  and  cryftallized,  gives  three  parts 
of  cryftals  of  oxalic  acid.  The  following  ex- 
periment will  fliew  the  decompofition  of  fpirit. 
On  one  pound  of  ftrong  alcohol  put  into  a long 
necked  retort,  and  corine&ed  with  the  pneu- 
matic apparatus,  add  four  ounces  of  ftrong 
nitrous  acid,  with  great  caution,  at  repeated 
times,  and  apply  a very  gentle  heat.  Nitrous 
ether,  nitrous  gas,  and  carbonic  acid  are  at  firft 
given  out,  which  laft  may  be  abforbed  by  lime 
water,  and  rendered  fenfiblc.  When  no  more 
gas  is  given  out,  add  three  ounces  more  of  the 
nitrous  acid  to  the  refidue,  which,  again  dif- 
tilled,  gives  the  fame  produdts  as  at  firft.  Then 
by  flow  evaporation  of  the  liquor  left  in  the 
retort,  cryftals  of  oxalic  acid  will  be  obtained. 
If  the  quantity  of  nitrous  acid  be  confiderable, 
or  the  boiling  of  the  materials  brifk,  much 
acetous  acid  is  alfo  obtained,  which  is  found 
mixed  with  the  diftilled  nitrous  ether. 

Under  the  article  Acetous  Acid,  the  operation 
of  the  oxy-muriatic  acid  upon  the  refidue  of 
the  diftillation  of  nitrous  ether,  is  alfo  defcribed, 
and  the  produdtion  of  the  acetous  and  oxalic 
acids. 

The  preparation  of  Howard’s  fulminating 
Mercury  alfo  fhews,  in  a ftriking  manner, 
the  generation  of  oxalic  acid  from  alcohol,  by 
the  nitric  acid,  this  lingular  compound  being  an 
oxalat  of  mercury,  prepared  by  digefting  alcohol 
with  the  nitrat  of  that  metal. 

The  weaker  acids,  fuch  as  the  oxalic,  gallic, 
tartaric,  and  the  like,  when  added  to  alcohol, 
are  merely  difTolved  by  the  fpirit,  but  do  not 
appear  to  decompofe  it,  except  very  imperfedlly 
and  with  confiderable  difficulty.  Many  of  them 
are  cryftallizable  from  the  hot  alcoholic  folution 
by  cooling,  fuch  as  the  gallic  and  oxalic  acids. 
The  latter  requires  2\  times  its  weight  of  alco- 
hol in  a cool  temperature  for  folution,  but  only 
about  1 1 of  boiling  fpirit. 

The  alkaline,  earthy  and  metallic  neutral  falts, 
are  very  varioufly  affe£ted  by  alcohol.  Some  it 
difiolves  copioufly,  others  fparingly,  and  thofe 
on  which  it  has  little  or  no  folvent  power,  it 
precipitates  from  their  watery  folution.  The 
folubility  of  falts  in  alcohol  is  a fubjedt  of  con- 
fiderable intereft  to  chemical  analyfis,  and  feve- 
ral  feries  of  experiments  have  been  made,  fome 
of  which  we  {hall  notice. 

Macquer  n examined  with  great  care  the  folu- 
bility of  the  fulphats,  nitrats  and  muriats  of 


potafh,  foda,  ammonia,  lime,  filver,  copper, 
iron,  and  mercury.  To  prevent  inaccuracy  with 
regard  to  the  variable  quantity  of  water  of  cryf- 
tallization,  he  dried  them  all  in  a heat  fufficient 
to  expel  this  water.  The  alcohol  was  the  fame 
in  all,  being  of  the  fpecific  gravity  of  .8437,  at 
54.5  Fahr.  equal  to  .840°  at  6o°.  The  falts 
were  put  feparately  in  a matrafs,  half  an  ounce 
(French),  or  two  hundred  and  eighty-eight 
grains  of  the  alcohol,  was  poured  on  them,  the 
veflel  was  corked  and  heated  till  the  fpirit  began 
to  boil,  after  which  it  was  immediately  filtered 
while  hot,  and  firft  fuffered  to  cool  gradually, 
to  afcertain  whether  the  fait  would  depofit  by 
cryftallization,  and  next  evaporated  entirely  and 
the  total  refidue  colledled  and  weighed.  A 
fecond  comparative  experiment  was  made  on 
each,  in  which  the  fpirit  was  burnt  off,  inftead 
of  being  evaporated,  that  the  appearance  of  the 
flame  might  be  noticed. 

The  fulphats  were  all  found  abfolutely  or 
very  nearly  infoluble.  It  is  remarkable  that  the 
dried  fulphat  of  copper  gave  no  green  colour  to 
the  flame  of  the  fpirit,  though  when  with  its 
water  of  cryftallization  this  colour  is  very  ap- 
parent. 

Of  the  nitrats,  four  grains  of  nitre  were 
difTolved  in  the  half  ounce  (or  two  hundred  and 
eighty-eight  grains)  of  alcohol,  part  of  which 
cryftallized  on  cooling.  The  flame  of  this 
folution  was  much  larger,  yellower  and  brighter 
than  that  of  common  alcohol. 

Of  the  nitrated  foda  fifteen  grains  were  dif- 
folved.  The  flame  was  like  the  laft,  but  more  in- 
tenfe.  Nitrated  ammonia  difTolved  in  very  con- 
fiderable quantity  ; one  hundred  and  eight  grains 
were  found,  after  evaporation,  of  the  fpirit, 
which  acquired  fomewhat  of  an  etherial  fmell 
by  the  boiling.  The  flame  was  white,  lumi- 
nous, and  fomewhat  fuliginous. 

The  alcohol  difTolved  its  own  weight  of  ni- 
trated lime,  and  the  folution  was  thick  like  oil. 
None  of  the  fait  was  depofitcd  by  cooling.  The 
flame  was  large,  .red,  and  luminous,  and  the 
fpirit  burned  with  a crackling  noife. 

Eighty-four  grains  of  nitrated  filver  were 
difTolved  in  the  alcohol,  which,  as  before,  ac- 
quired fomething  of  the  fmell  of  ether.  Ni- 
trated mercury  was  fcarcely  foluble.  Of  nitrated 
copper  forty-eight  grains  were  difTolved ; the 
flame  beautifully  bright  and  of  a deep  green. 

Of  the  muriats,  common  fait  was  fcarcely,  if 
at  all  foluble  in  the  fpirit.  Of  muriated  ammo- 
nia, twenty-four  grains  were  difTolved  by  the 
half-ounce  of  fpirit  j of  muriated  lime,  two 
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hundred  and  eighty-eight  grains,  or  equal  to 
the  weight  of  the  fpirit,  and  the  flame  prefented 
the  fame  appearances  with  the  nitrated  lime. 
Luna  cornea,  or  muriated  filver,  was  entirely 
infoluble ; of  corrofive  fublimate,  two  hundred 
and  four  grains  were  diflolved,  much  cf  which 
cryftallized  on  cooling,  and  the  flame  was 
large,  yellow,  and  decrepitating ; of  muriated 
iron,  thirty-fix  grains,  the  flame  white  and 
brilliant,  and  towards  the  end,  fparkling ; of 
muriated  copper,  forty-eight  grains,  the  flame 
beautifully  green,  accompanied  with  white  and 
red  fparks. 

The  above  experiments  appear  to  have  been 
made  with  great  care,  and  are  therefore,  to  a 
confiderable  degree,  accurate ; but  however, 
fome  unavoidable  fources  of  error  may  be  de- 
tected, which  in  fome  degree  affe£t  the  refults. 
In  boiling  the  alcohol  over  the  fait,  fome  part 
of  it  muft  evaporate ; in  filtering  the  folution, 
a portion  muft  remain  in  the  pores  of  the  filter; 
and  in  drying  the  falts,  fome  of  thofe  with  a 
metallic  bafe  would  be  liable  to  be,  in  fome 
degree,  decompofed.  The  experiments  are  not- 
withftanding  valuable,  and  deferve  notice. 

Lavoifier  made  a feries  of  experiments  on  the 
fame  fubjeCt,  ufing  alcohol,  mixed  with  water, 
in  eight  different  proportions.  He  found  that 
the  pure  fpirit  did  not  diffolve  either  carbonated 
foda  or  fulphated  foda,  or  fulphated  magnefia, 
or  common  fait,  or  even  muriated  magnefia. 
When  mixed  with  half  its  weight  of  water,  it 
diflolved  a confiderable  quantity  of  common 
fait,  but  fulphat  of  foda  was  not  diflolved  in 
any  mixture  in  which  the  quantity  of  fpirit 
exceeded  that  of  water,  without  boiling,  and 
on  cooling  the  whole  again  cryftallized. 

Wenzel  undertook  a feries  of  experiments 
on  the  fame  fubjeCf,  of  which  the  following  is 
a part  cf  the  refult.  0 The  quantity  of  fpirit 
ufed  in  each  trial  was  two  hundred  and  forty 
grains ; its  fpecific  gravity,  however,  is  not 
mentioned,  but  probably  it  was  fomewhere  be- 
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tween  .825  and  .840°.  The  heat  l8o°,  or  about 
the  boiling  point  of  the  fpirit. 


Grains. 

Nitrat  of  potafh 

- 

- 

5 

foda  - - 

- 

- 

*3 

ammonia 

- 

- 

214 

lime  - - 

- 

- 

288 

magnefia 

- 

- 

694 

alumine  - 

- 

- 

240 

Muriat  of  potafh  - 

- 

- 

S 

ammonia 

- 

- 

17 

— lime 

- 

- 

288 

magnefia 

- 

- 

*3*3 

f’luat  of  ammonia 

- 

- 

1 

alumine  - 

• 

1 

Borat  of  ammonia 

• 

• 

1 

Tar  trite  of  potafh  - 

- 

- 

1 

Cream  of  tartar 

- 

- 

7 

Tartrite  of  ammonia 

- 

- 

7 

alumine  - - 7 

Oxalat  of  alumine  - - 7 

Acidulous  oxalat  of  potafh  7 

Laftly,  we  fhall  give  the  very  accurate  ex- 
periments of  Mr.  ICirwan  p on  this  fubjeCt, 
which  is  of  fo  much  importance  in  the  difficult 
bufinefs  of  the  chemical  analyfis  of  faline  fub- 
ftances. 

Mr.  K.  employed  fpirit  of  five  different  de- 
grees of  ftrength,  namely,  .817,  or  the  moft 
highly  concentrated ; .834  (or  what,  according 
to  Mr.  Gilpin’s  tables,  would  be  produced  by 
mixing  one  hundred  grains  of  the  pureft  fpirit 
of  fimple  diftillation,  viz.  .825,  with  about  5 
grains  of  water ;)  .848  (equal  to  one  hundred 
grains  of  the  above  fpirit,  with  about  x 1 
grains  of  water);  .872  (equal  to  one  hundred 
grains  of  the  fpirit,  with  about  27  of  water) ; 
and  .900,  equal  to  one  hundred  of  the  fpirit 
with  about  59  grains  of  water.  The  tem- 
perature was  never  higher  than  8o°,  the  time  of 
digeftion  about  three  days,  and  the  falts  were 
deprived  of  their  water  of  cryftallization, 
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100 

grains  of  Alcohol 

at 

-r 

r~ 

-a. 

\ 

.900 

.872 

.848 

•834 

.817 

Sulphat  of  foda  ----- 

0 

0 

0 

0 

0 

magnefia  - - - 

1 

1 

0 

0 , 

0 

Nitrat  of  potato  ----- 

2.76 

1 

0 

0 

0 

loda  ------ 

10.5 

6. 

0.38 

0 

Muriat  of  potafh  ----- 

4.62 

1 .66 

0.38 

0 

foda  ----- 

5.8 

3-67 

0.5 

ammonia  - - - - 

7-5 

4-75 

i-5 

magnefia,  dried  at  120° 

21.25 

23-75 

36.25 

5° 

barytes  - - - - 

1. 

.29 

.185 

.09 

crydallized  - 

1.56 

•43 

•32 

.06 

Acetite  of  lime  ----- 

2.4 

4.12 

4-75 

4.88 

A fubje£t  of  equal  importance  in  chemical  but  thefe  require  a fpirit  of  .817,  and  a longer 
analyfis,  with  the  folubility  of  certain  faline  time  •,  fo  that  fulphat  of  lime  may  be  feparated 
fubdances,  is  the  precipitability  of  others  from  from  the  fulphats  of  potato  and  foda,  fimply  by 
their  aqueous  folution  on  addition  of  alcohol,  a properly  managed  addition  of  alcohol. 

This  takes  place  to  a greater  or  lefs  degree  when  Alum  mult  be  in  greater  proportion  than 
fpirit  is  added  to  a watery  folution  of  any  fait  to  be  precipitated  by  fpirit  of  .834,  unlefs  triple 
infoluble,  or  nearly  fo,  in  alcohol.  Thus,  by  the  volume  of  the  folution  be  added,  and  heat 
way  of  experiment,  if  fome  alcohol  is  added  to  be  applied. 

a moderately  ftrong  folution  of  fulphated  foda,  Sulphat  of  magnefia  mull  be  in  greater  pro- 
in water,  the  fpirit  unites  with  the  water,  and  portion  than  to  be  immediately  precipitated 
precipitates  the  fait,  which  is  feen  to  fall  down  by  alcohol  of  .834. 

immediately  in  the  form  of  a white  granular  Alcohol  digested  for  fome  days  on  phospho- 
mafs  of  irregular  minute  cryftals.  Rus,  diffolves  a fmall  quantity  of  it,  fufficient 

There  are  fome  falts  entirely  feparable  from  to  render  the  folution  luminous  in  the  dark, 
their  water  of  folution  by  this  method,  which,  when  fpread  on  a warm  furface  (the  face  or 
when  properly  applied,  is  of  great  utility  in  hands  for  example)  which  evaporates  the  fpirit. 
analyfes  of  water,  particularly  of  mineral  waters,  The  quantity  of  phofphorus,  though  enough  to 
where  the  foreign  ingredients  are  generally  toine  in  the  dark,  is  too  minute  to  do  the  lead 
compofed  of  falts  foluble  and  infoluble  in  alco-  injury  to  the  {kin.  The  alcoholic  folution 
hoi.  We  are  again  indebted  to  Mr.  Kirwan’s9  dropped  {lowly  into  water,  in  a dark  place,  ex- 
accurate  experiments  for  much  information  on  hibits  elegant  waves  of  light,  at  the  moment 
this  fubjett,  directed  particularly  to  afcertain  that  the  two  liquids  touch  each  other, 
the  lead  proportions  of  the  fait  to  the  water,  Sulphur  is  not  a£ted  on  by  alcohol  by  fimple 
on  which  the  fpirit  begins  to  exert  its  precipi-  digedion  either  hot  or  cold,  but  the  two  may 
tating  power,  and  the  lowed  fpecific  gravity  of  be  made  to  unite  by  the  medium  of  didillation. 
the  fpirit  requifite  to  produce  this  effe£t,  as  in  (See  Sulphur.) 

all  cafes  the  precipitation  takes  place  the  fooned  The  habitudes  of  alcohol  with  many  of  the 
with  the  pured  alcohol  and  the  dronged  faline  mod  important  vegetable  fubdances,  are  highly 
folution.  A gentle  heat  alfo  much  affids  this  intereding. 

feparation.  Mod  of  the  pure  Resins  are  foluble  without 

The  fpirit  mud  be  at  lead  equal  in  bulk  to  the  difficulty  in  this  fluid.  The  Gum-Resins,  how- 
faline  folution,  and  fometimes  twice  or  thrice  ever,  are  only  partially  foluble  in  drong  alcohol, 
the  quantity  is  required.  as  it  a£ls  only  on  the  truly  refinous  part ; but  a 

The  refult  of  Mr.  Kirwan’s  experiments  were,  dilute  fpirit  will  hold  the  whole  in  perfe£t  fo- 
that  felenite  may  be  compleatly  precipitated  from  lution.  If  water  be  added  to  a fpirituous  folution 
water  that  contains  it  in  the  proportion  of  toW  of  a pure  refin,  guaiacum  for  example,  the 
by  any  fpirit  whofe  fpecific  gravity  is  below  water  and  fpirit  unite,  and  mod  of  the  refin  is 
.850.  The  fame  precipitation  takes  place  with  precipitated  in  the  form  of  a flaky  curd.  This 
regard  to  the  alkaline  fulphats  of  equal  drength,  affords  one  method  of  obtaining  thefe  refins  in 

' Min.  Waters,  p.  266. 
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great  purity,  in  a folid  or  rather  pulverulent 
form.  A folution  of  a refin,  or  gum-refin,  is 
called,  particularly  in  pharmacy,  a Tincture.  If 
a faturated  refinous  tincture  is  flowly  heated, 
the  fpirit  evaporates,  and  leaves  the  refin  at  laft, 
either  as  a foft  tenacious  pafte,  or,  if  further 
dried,  concreted  into  a very  hard  brittle  mafs, 
retaining  in  a high  degree,  all  the  properties, 
fenfible  and  medicinal,  of  the  original  fubftance. 
This  is  termed  a Refinous  Extract,  and  the 
procefs  is  of  ufe  in  concentrating  into  a fmall 
bulk  the  truly  medicinal  part  of  entire  roots,  or 
other  grofs  parts  of  plants.  The  refin  thus 
obtained  from  a tin&ure  of  jalap  root  is  an 
example. 

A few  fubflances  ufually  claffed  under  the 
head  of  Refins,  are  however  with  great  difficulty 
foluble  in  alcohol.  Gum  copal  and  amber  are 
of  this  kind,  but  thefe  partake  rather  more  of 
the  nature  of  fat  oils. 

Camphor  difiolves  with  great  facility  in  about 
four  times  its  weight  of  alcohol  of  moderate 
ftrength.  An  addition  of  water  feparates  the 
greater  part  of  the  camphor,  the  fame  as  with 
the  refinous  folutions. 

All  the  effential  oils  mix  uniformly  with  al- 
cohol, and  are  diffolved  in  it  the  more  copioufly 
in  proportion  to  the  ftrength  of  the  fpirit. 
This  affords  an  eafy  and  elegant  method  of 
giving  flavour  to  the  various  fpirits  ufed  for  the 
table,  and  alfo  of  extracting  the  perfumed  fcents 
of  flowers  and  plants  for  the  toilet.  See  the 
articles  Spirits  Difiilled , and  Oil  EJfential. 

Alcohol,  refins,  and  effential  oils,  form  the 
ingredients  of  a great  variety  of  Varnishes. 

None  of  the  fat  oils,  while  in  their  original 
ftate,  are  foluble  in  this  menftruum,  which  only 
extrafts  from  them  their  colour  and  fmell. 
But  if  altered,  either  by  fire,  fo  as  to  become 
empyreumaticy  or  by  fome  of  thofe  proceffes 
which  render  them  concrete  and  dryings  or,  if 
attenuated  by  repeated  diftillation,  as  in  the  cafe 
of  the  rectified  animal  oil  of  Dippel,  or  laftly,  if 
previoufly  united  to  an  alkali  into  a foap,  they 
become  to  a greater  or  lefs  degree  foluble  in 
fpirit. 

Alcohol  diffolves  about  one-third  of  its  weight 
of  good  ioap,  if  not  overloaded  with  oil.  The 
iolution  is  perfectly  limpid,  and  is  of  fome  ufe 
in  the  analyfis  of  mineral  waters,  as  a left  for 
earthy  falts,  by  which  it  is  curdled. 

The  green  colouring  matter  of  the  leaves  and 
other  parts  of  vegetables,  is  taken  up  by  alcohol, 
according  to  the  accurate  obfervations  of  Mr. 
Sennebier.  The  green  tinCture  is  equally  well 
prepared  from  the  green  pulp  extracted  from 


thefe  parts  by  water  and  digefted  in  alcohol. 
The  fun’s  light  turns  the  colour  of  the  tinCture 
to  a yellow.  Water,  acids,  and  alkalies,  render 
it  turbid. 

Sugar  diffolves  in  about  three  times  its  weight 
of  alcohol  of  moderate  ftrength,  and  as  the  fpirit 
has  fcarcely  any  aCtion  on  the  mucilage  with 
which  fugar  is  mixed  in  the  native  fweet  juices 
of  vegetables,  this  liquid  forms  a ufeful  medi- 
um for  feparating  the  pure  faccharine  part ; too 
expenfive  indeed  for  the  purpofes  of  manufac- 
ture, but  which  may  be  applied  with  great  ad- 
vantage in  analyfis.  For  example,  to  feparate 
the  fugar  from  carrots,  dry  the  root,  reduce  it 
to  a coarfe  powder  or  pafte,  digeft  it  in  a heat 
brought  flowly  to  boiling,  with  about  its  own 
weight  of  ftrong  alcohol ; ftrain  the  fpirit,  and 
feparate  the  laft  portions  by  ftrong  preffure,  and 
flowly  evaporate  the  fpirituous  folution  to  a fmall 
bulk,  after  which  let  it  ftand  in  a warm  place 
till  dry.  The  refidue  in  molt  cafes  after  fuch  an 
analyfis,  is  little  elfe  than  the  purely  faccharine 
part.  Molt  of  it  may  be  obtained  cryftallized, 
by  a much  flower  and  nearly  fpontaneous  eva- 
poration. 

Not  many  animal  fubftances  are  aCIed  on  by 
alcohol  in  any  great  degree.  Thofe  which  it 
does  difl'olve  are  the  animal  refinous  matters, 
fuch  as  mulk,  caftor  &c.  fpermaceti,  adipocire, 
wax,  and  fome  of  the  altered  oils  ; but  in  molt 
cafes  the  aCtion  of  alcohol  on  animal  fubftances 
is  in  a great  meafure  fimilar  to  that  on  vegetable 
fubftances,  refembling  them  in  chemical  nature. 

In  fome  cafes  alcohol  a£ts  only  when  dilute, 
and  here  it  feems  rather  not  to  impede  the 
aCtion  of  the  water  with  which  it  is  mixed.  So 
ifinglafs  or  other  animal  jelly  will  diffolve  in 
common  ardent  fpirit,  and  this  folution  fpread 
upon  thin  cloth  or  filk,  evaporates  fpeedily, 
leaving  a fine  coating  of  the  jelly.  This  is  the 
balls  of  the  well-known  Court  or  Sticking  Plajler. 
It  generally  happens  that  where  alcohol  does  not 
diffolve,  it  coagulates,  or  feparates  from  the 
watery  folution.  Thus  it  coagulates  albumen 
from  its  natural  folutions  in  the  ferum  of  blood, 
milk,  and  fometimes  animal  lymph.  Milk 
curdled  by  ardent  fpirit,  forms  a well-known 
and  agreeable  preparation  for  the  table. 

If  animal  fibre  or  flefh  is  immerfed  in  alcohol, 
its  red  colour,  which  depends  on  the  blood  re- 
maining in  the  blood-veffels,  is  flowly  extradited, 
and  tinges  the  fpirit ; at  the  fame  time  that  the 
flefh  itfelf  becomes  ffirivelled,  much  hardened, 
greyifh  white,  and  abfolutely  incapable  of  putre- 
fadtion  or  further  change. 

Alcohol  therefore  is  a moft  powerful  anti- 
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feptic,  and  it  exerts  this  power  upon  every  fub- 
dance,  animal  or  vegetable,  capable  of  fermen- 
tation or  fpontaneous  change. 

The  ufes  of  alcohol  in  its  various  forms  are 
very  numerous  and  important.  As  the  intoxi- 
cating bafis  of  all  vinous  or  fpirituous  liquors, 
it  is  only  employed  in  the  intermediate  date  of 
diddled  fpirits.  In  the  arts  it  forms  a mod  im- 
portant ingredient  in  many  varnifltes ; in  phar- 
macy it  is  the  liquid  component  of  timdures  and 
other  preparations  ; it  preferves  from  corruption 
all  the  wet  preparations  of  the  anatomid  ; and 
to  the  chemid  it  is  an  invaluable  agent,  opera- 
ting on  a great  number  of  fubdances  for  which 
no  other  proper  folvent  could  be  found,  and  at 
the  fame  time  altering  their  nature  fo  little  as  to 
exhibit  them  nearly  in  their  original  date  when 
expelled  by  evaporation.  Many  other  lefs  im- 
portant ufes  might  be  mentioned,  fuch  as  in 
filling  thermometers,  and  another  of  great  ad- 
vantage in  the  nicer  chemical  operations,  is  that, 
as  a combudible,  it  affords  a gentle  deady  flame, 
unfouled  by  fmoke  or  any  vapour  which  can  ob- 
fcure  the  fight  of  the  procefs  which  is  going  on 
in  the  veffel  fo  heated. 

Alcohol  is  feldom  adulterated  with  any  fo- 
reign matter.  It  fhould  be  neither  acid  nor  al- 
kaline, and  the  methods  for  afcertaining  the 
degree  of  its  dilution  with  water  have  been 
already  mentioned. 

It  is  of  advantage  for  the  purpofe  of  the  labo- 
ratory, to  keep  it  of  feveral  degrees  of  drength 
for  its  different  ufes.  Of  thefe  the  fpecific  gra- 
vity of  .825  at  6o°  which  is  a very  convenient 
dandard  for  comparifon,  fhould  be  one;  a 
higher  degree  of  dephlegmation  by  means  of 
potafli,  another;  and  two  or  three  mixtures 
lower  than  the  dandard,  fuch  as  .846  which 
is  nearly  the  common  re&ified  fpirit  of  the 
fhops,  and  one  or  two  of  inferior  drength. 

ALCOHOL  Aceti,  a term  given  by  Weden- 
dorf  to  his  radical  or  concentrated  vinegar.  See 
Acf.tous  Acid. 

ALEMBIC,  an  article  of  chemical  apparatus. 
See  the  Appendix. 

ALEMBORTH  Salt , a term  nearly  anti- 
quated, employed  to  exprefs  the  very  foluble 
triple  fait  formed  by  uniting  muriated  ammonia 
to  corrofive  mercurial  muriat.  See  Mercury. 

ALGAROTH  Powder , is  a white  oxyd  of 
antimony,  prepared  by  dropping  the  liquid 
butter  of  antimony  into  water.  It  is  by  fome 
ufcd  in  medicine,  as  the  bafis  of  the  emetic 
tartar.  See  Antimony. 

ALKALI. 

ALKALINE  EARTH.  The  clafs  of  alkalies 


is  amongd  the  mod  antient  in  chemical  fcience, 
and  one  which  has  dood  its  ground  through  all 
the  changes  occafioned  by  modern  difcoveries, 
though  with  fome  modification. 

The  original  application  of  the  term  alkali 
(which  is  of  Arabian  origin)  was  to  exprefs 
the  acrid  faline  refidue  left  in  the  afhes  of  the 
plant  kali,  after  its  combudion  in  open  air. 
This  was  alfo  very  early  known  to  the  Greeks 
and  Romans ; by  the  latter  termed,  lixivial, 
which  term  is  dill  retained,  lixivium,  or  Icy, 
meaning  properly  the  foluble  fait  extracted  out 
of  vegetable  alhes  by  the  addition  of  water. 
From  the  circumdance  of  the  afhes  being  the 
fixed  or  unvolatilized  part  of  the  plant,  the  red 
having  been  diffipated  by  the  combudion,  the 
lixiviary  fait  was  alfo  called  fixed  alkali,  a term 
dill  in  univerfal  ufe.  The  proper  fixed  alkalies 
are  of  two  kinds,  the  vegetable  or  potajlc,  and  the 
mineral  or  foda ; the  latter  is  found  often  native 
in  immenfe  quantities  being  the  bafis  of  rock 
fait,  and  is  alfo  the  principal  faline  refi- 
due of  many  plants  growing  on  the  fea  fhore ; 
and  the  former  is  contained  in,  and  almod 
entirely  procured  from,  the  allies  of  vegetables 
in  general,  not  growing  contiguous  to  the  fea. 
Under  the  articles  Potash  and  Soda,  and 
Carbonat  of  Potafh  and  Soda,  thefe  mod  im- 
portant Salts  are  fully  defcribed. 

Again,  as  the  volatile  ammoniacal  fait  pro- 
curable from  mod  animal  matter  (alfo  of 
great  antiquity)  was  found  to  agree  with  the 
other  alkalies  in  tade,  and  in  many  chemical 
properties,  though  not  in  fixity,  this  ammoni- 
acal fait  was  alfo  termed  an  alkali,  but  volatile , 
in  oppofition  to  the  two  former,  which  remain 
unaltered  in  very  confiderable  heat,  and  are 
therefore,  comparatively,  fixed.  The  volatile 
alkali  is  defcribed  under  the  article  Ammonia. 

Of  late  years,  fome  of  the  earths  (efpecially 
barytes  and  drontian,  which  were  unknown 
to  antiquity)  having  been  found  to  poffefs 
alkaline  properties  in  no  ambiguous  degree, 
thefe  have  been  by  fome  chemids  abfolutely 
aflociated  with  the  alkalies ; by  others  have  re- 
ceived the  term  alkaline  earths,  to  exprefs  this 
refemblance  which  in  the  two  above  mentioned 
almod  amounts  to  identity  of  properties  ; but  in 
the  two  others,  lime  and  magnefia,  the  agree- 
ment is  only  partial. 

As  it  is  but  of  little  confequence  which 
arrangement  be  adopted,  provided  an  uniformity 
be  obferved,  we  have  throughout  the  prefent 
work  redricted  the  term  alkali,  to  the  three 
antient  falts  of  that  name  ; the  two  fixed,  potafh 
and  foda,  and  the  volatile , ammonia.  Under 
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tile  appellation  alkaline  earth,  we  include  the  fol- 
lowing, Barytes,  Strontian,  Lime,  and  Magnefia. 

We  fhall  now  enumerate  the  properties  ufu- 
ally  defcribed  as  belonging  to  alkalies,  diftin- 
guilhing  how  far  they  are  poffeffed  by  the  three 
i'alts  and  the  four  earths  above  enumerated. 

The  tafle  of  an  alkali  is  acrid,  burning,  and 
naufeous.  It  adds  with  fo  much  energy  and 
rapidity  on  the  tongue,  as  to  deflroy,  if  concen- 
trated, the  fkin  of  the  part  which  it  touches, 
and  hence  its  extreme  caufticity.  The  three 
alkalies  poffefs  this  in  the  highefl  degree,  being 
more  rapidly  foluble  than  the  earths,  and  of 
the  latter  only  barytes,  ftrontian,  and  lime, 
exhibit  this  corrofive  tafte,  magnefia  being  abfo- 
lutely  infipid. 

All  the  alkalies,  except  ammonia,  are  with- 
out fmell,  or  nearly  fo,  a particular  urinous 
odour  however  arifes  during  the  folution  with 
heat,  of  the  other  alkalies  and  earths,  magnefia 
excepted. 

Ammonia  (whofe  natural  ftate  when  uncom- 
bined, is  that  of  a gas)  magnefia,  and  probably 
lime,  are  incapable  of  cryftallization,  the  other 
alkalies  and  alkaline  earths  are  cryftallizable. 

Only  the  volatile  alkali  has  been  decompofed. 
The  others  have  often  been  fufpe£led  to  be  alfo 
compound,  and  with  fome  probability,  but  they 
have  hitherto  eluded  the  attempts  of  chemifts 
to  decompofe  them. 

Ammonia  alone  is  volatilized  by  the  appli- 
cation of  any  degree  lefs  than  a red  heat ; when 
fully  red,  or  at  a heat  about  that  of  melting 
copper,  the  fixed  alkalies  begin  to  be  diffipated 
in  denfe  vapours,  but  the  alkaline  earths  refill 
any  but  the  extremeft  degree  of  heat  which  has 
ever  been  applied. 

The  alkalies  are  extremely  foluble  in  water, 
barytes  and  ftrontian  in  confiderable  quantity, 
lime,  fparingly  ; magnefia  fcarcely  at  all. 

They  poffefs  the  ftrongeft  affinity  for  acids 
of  all  other  bodies,  uniting  with  them  generally 
to  fuch  a degree  as  to  produce  perfe£l  neutrali- 
zation, or  fuch  a Hate  of  union,  that  the  cha- 
ra£leriftic  properties  of  both  acid  and  alkali  are 
loft,  and  new  ones  acquired.  Moll  of  the 
combinations  with  acids  are  confiderably  folu- 
ble in  water,  and  all  cryftallizable  with  more  or 
lefs  eafe. 

The  comparative  force  of  affinity  for  the  in- 
dividual acids  poffeffed  by  the  alkalies  and  the 
alkaline  earths,  is  not  uniformly  the  fame,  but 
generally  one  or  two  of  the  earths  Hand  the 
higheft  in  force.  The  affinity  of  them  all  for 


acids  is  fuperior  to  that  of  the  metallic  oxyds, 
and  hence  they  decompofe  metallic  folutions. 

They  all  have  their  peculiar  alkaline  proper- 
ties highly  modified  and  leflened,  but  not  en- 
tirely taken  away,  by  union  with  carbonic  acid. 
Hence  the  ftates  of  mild  and  caujlic,  the  former 
expreffing  union  with  this  acid  -,  the  latter,  the 
contrary ; which  obtains  in  all  thefe  fubftances, 
though  in  magnefia  alone  the  difference  is 
fcarcely  perceptible  as  it  regards  the  fenfible 
properties. 

They  all  unite  with  fulphur,  forming  com- 
pounds foluble  in  water,  of  a peculiar  foetid 
fmell,  tarniffiing  the  white  metals,  called  ful- 
phurets  or  hydro-fulphurets,  according  to  cir- 
cumftances. 

They  all  unite  with  the  fixed  oils  and  animal 
fats,  either  into  a true  foap,  or  into  a fapona- 
ceous  compound.  The  fixed  alkalies  unite 
more  perfectly  with  the  oils,  and  the  alkaline 
are  the  only  true  foaps,  being  foluble  in  water. 
The  earthy  mixtures  with  oil  are  indeed  ftrongly 
combined,  but  are  infoluble  in  water.  Barytes 
will  combine  diredlly  with  oils,  as  M.Vauquelin 
has  found,1  and  when  heated  with  animal  mat- 
ter, will  caufe  it  to  give  out  a large  quantity  of 
ammonia,  and  will  reduce  it  to  a kind  of 
faponaceous  foluble  mafs. 

When  in  fufion  in  a red  heat  (from  which 
of  courfe  the  volatile  alkali  is  excepted)  they 
diffolve  filex  into  that  beautiful  tranfparent 
compound  called  glafs.  This  property  of  vitri-  , 
fication  is  the  ftrongeft  in  the  alkalies,  but  has 
been  found  by  M.  Vauquelin  to  be  very  power- 
ful in  ftrontian  and  barytes. 

With  the  exception  of  magnefia,  they  all 
powerfully  corrode  the  foft  parts  of  vegetables, 
and  efpecially  animals.  Bulk  for  bulk,  the 
fixed  alkalies  are  by  far  the  mod  powerful  and 
a£live  in  this  refpe£t. 

Laftly,  they  all  produce  certain  changes  on 
fome  vegetable  colours,  and  this  teft  is  perhaps 
the  moft  ftriking  of  all  above  enumerated,  fince 
it  is  poffeffed  by  all  without  exception,  though 
with  fome  variety.  The  blue  colours  of  many 
plants  are  changed  by  them  to  green,  of  which 
the  fyrup  or  tindlure  of  violets,  affords  a ready 
inftance ; many  of  the  reds,  fuch  as  that  of 
logwood  and  litmus,  are  changed  into  violet ; and 
the  yellow  of  a great  many  plants,  fuch  as  tur- 
meric, rhubarb,  or  liquorice  root,  is  changed 
to  a brown,  or  dirty  brick  red. 

The  latter  change  feems  to  be  confined  to 
the  alkalies  when  both  are  carbonated,  fo  that 
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the  change  of  turmeric-yellow  into  led  will 
diftinguiffi  the  prefence  of  a carbonated  alkali 
from  that  of  an  alkaline  earth,  held  in  folution 
by  an  excefs  of  carbonic  acid.  But  when  pure 
or  cauftic,  the  change  is  the  fame  in  both. 
The  power  of  all  thefe  fubftances  over  the 
vegetable  colours  is  very  great  in  proportion 
to  the  quantity  ufed,  and  it  fhould  be  remarked, 
that  in  this  inftance  alfo,  acids  and  alkalies, 
or  alkaline  earths,  are  in  diredf  oppofition  to 
each  other,  the  acid  reftoring  the  colour  to 
its  original  (fate,  after  it  has  been  changed  by 
the  alkali,  and  vice  verfa.  Hence  a fingle  co- 
loured vegetable  may  be  made  a very  delicate 
teft  for  both  acids  and  alkalies  •,  litmus,  for  ex- 
ample, previoufly  reddened  by  acids,  will  be 
changed  into  purple  by  alkalies,  and  purpled 
litmus  will  detedf  an  acid  by  becoming  red. 

It  appears  therefore  that  there  is  fcarcely  a 
fingle  charadleriftic  except  the  change  of  certain 
colours,  that  will  apply  equally  to  all  the  alkalies 
and  akaline  earths,  but  yet  the  general  refem- 
blance  is  fo  great  as  to  juftify  this  claffification. 
Magnefia  alone  has  the  leaft  claim  to  the  title 
of  an  alkaline  earth,  and  yet  its  affinity  to  acids 
is  ftrong,  and  its  power  of  changing  fome  of  the 
vegetable  colours  is  very  confiderable. 

ALKALINE  Air.  The  term  given  by  the 
difcoverer,  Dr.  Prieftley,  to  the  volatile  alkali  in 
its  pure  or  gafeous  form.  See  Ammonia. 

ALKANNET.  Oreanette , Fr.  A colouring 
root,  cultivated  in  many  parts  of  the  fouth  of 
Europe,  and  brought  in  fmall  quantities  from 
the  Levant.  The  plant  grows  to  about  a foot 
in  height.  The  root,  which  is  the  part  ufed  as 
a dye,  is  as  big  as  the  thumb,  red  without  and 
white  in  its  inner  part.  The  outer  red  portion 
is  alone  ufed  for  colouring.  It  grows  in  abun- 
dance in  Languedoc,  in  dry  fandy  foils.  The 
root  is  dried  in  the  fun,  and  undergoes  no  other 
preparation.  When  good  it  is  fomewhat  elaftic 
though  dry,  of  a deep  red  without,  and  fhould 
ftain  the  finger  nail  freely  when  rubbed  upon 
it,  wet  or  dry. 

Alkannet  root  imparts  its  deep  red  colour 
very  freely  to  fpirit  of  wine,  the  effential  and 
fixed  oils,  wax,  fat,  and  any  other  unctuous 
fubftance,  and  hence  it  is  of  confiderable  ufe 
in  making  fome  of  the  coloured  oils  or  varnifhes. 
To  give  a red  colour  to  wax,  for  example,  melt 
it,  and  infufe  fmall  pieces  of  the  root  in  it  for 
a few  minutes,  till  it  has  acquired  the  requifite 
colour. 

ALLOY.  Alliage>  Fr.  Legiren , Metailver- 
fetfung,  Germ. 

A mafs  formed  by  the  mixture  of  any  two  or 


more  metallic  bodies,  in  which  the  different 
conftituent  parts  cannot  be  diftinguifhed  from 
each  other  by  their  external  characters,  is  an 
alloy.  In  this  definition  no  diftinCtion  is  made 
between  mere  intimate  mechanical  mixtures, 
and  proper  chemical  compounds,  becaufe  we 
are  not  as  yet  poffeffed  of  fufficiently  accurate 
experiments,  to  afeertain  which  fpecies  belong 
to  the  former,  and  which  to  the  latter  clafs. 
The  mixed  metals  into  which  mercury  enters, 
are  called  Amalgams,  and  will  be  treated  of  at- 
large  under  the  article  Mercury,  as  they  are 
poffeffed  of  a number  of  curious  and  peculiar 
properties  : in  their  general  charafters  however 
they  refemble  the  other  metallic  compounds, 
and  therefore  the  obfervations  in  this  article  are 
equally  applicable  to  each. 

It  is  much  to  be  regretted  that  a fubjeCt  of 
fuch  great  importance  both  praftical  and  theo- 
retical, fhould  have  been  fo  little  attended  to 
by  modern  chemifts.  The  experiments  of 
Gellert,  Homberg,  and  Kraaft,  inaccurate  as 
they  were,  ftill  continue  to  be  our  principal 
authorities,  corredted  and  enlarged  indeed  on 
fome  points  by  Lewis,  Darcet,  Marggraf,  and 
Guyton.  But  of  all  modern  chemifts,  Mr. 
Hatchett  is  the  one  to  whom  this  branch  of  the 
fcience  is  the  moft  indebted : by  fhewing  the 
peculiar  difficulties  which  attend  the  invefti- 
gation  of  this  interefting  fubjedf,  he  has  intro- 
duced confiderable  fcepticifm  with  regard  to 
what  has  already  been  done ; and  the  removal 
of  ancient  error  is  the  firft  ftep  towards  the 
eftablifhment  of  modern  truth. 

Almoft  every  metal  that  is  met  with  in  com- 
merce, contains  a fmall  variable  proportion  of 
fome  other  metal,  and  therefore,  ftridfly  fpeak- 
ing,  they  are  all  alloys ; thus  lead  contains 
filver  ; tin,  arfenic  •,  copper,  iron  ; but  after  the 
ufual  proceffes  of  refining  are,  gone  through, 
the  quantity  which  each  holds  of  any  other 
metal  is  fo  fmall,  that  its  properties  are  not 
perceptibly  altered  by  fuch  admixture.  A 
metallic  mafs  therefore  is  fcarcely  confidered  as 
an  alloy  except  the  chara&ers  of  the  prevalent 
metal  are  obvioufly  modified ; in  the  fame  man- 
ner as  the  oil  of  vitriol  of  the  fhops  adds  the 
part  and  bears  the  name  of  fulphuric  acid,  not- 
withftanding  a minute  portion  of  potaffi  with 
which  it  is  combined. 

Alloys  are  prepared  either  by  melting  the  in- 
gredients feparately  and  pouring  them  together 
when  they  are  liquid  5 or  by  fufing  them  all 
down  together  in  the  fame  crucible.  When 
the  metals  employed  are  of  different  degrees  of 
fufibility,  and  efpecially  when  the  one  that  is 
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the  eafieft  fufible  is  alfo  very  inflammable,  the 
firft  method  is  had  recourfe  to  ; as  when  copper 
and  zinc  or  copper  and  tin  are  to  be  combined  ; 
but  the  latter  is  pratflifed  in  thofe  cafes  where 
the  materials  are  either  nearly  of  the  fame  de- 
gree of  fufibility,  or  at  leaft  where  the  tempera- 
ture required  for  melting  the  leaft  fufible,  is 
not  fufficient  to  volatilize  that  which  is  the  moft 
fo.  In  order  to  prevent  oxydation,  the  crucible 
ought  to  be  lined  with  charcoal,  and  a quantity 
of  decrepitated  fait  fhould  be  ftrewed  over  the 
top  of  the  ingredients,  which  melting  at  a very 
low  red  heat,  will  float  on  the  furface  of  the 
metal,  and  thus  exclude  the  conta£l  of  the  air. 
By  taking  thefe  precautions,  a lower  and  longer 
continued  heat  may  be  advantageoufly  fubfti- 
tuted  for  a ffiorter  and  more  violent  one,  the 
ingredients  will  be  mingled  more  perfectly,  and 
the  lofs  and  confequent  inaccuracy  when  ex- 
perimenting on  the  moft  inflammable  metals, 
will  in  a great  meafure  be  avoided.  As  foon  as 
the  mafs  is  liquefied,  it  will  be  of  advantage  to 
ftir  it  repeatedly,  to  prevent  the  ingredients 
from  feparating  according  to  their  refpedlive 
fpecific  gravity,  before  they  have  had  an  oppor- 
tunity of  combining  together  ; for  this  purpofe 
a charred  flick,  or  rod  of  baked  clay,  is  to  be 
preferred  to  one  of  iron,  as  this  laft  would  in 
many  cafes  be  a£ted  upon  by  the  melted  metal, 
and  fpoil  the  procefs.  The  alloy  fhould  alfo  be 
poured  alternately  from  one  red  hot  crucible 
into  another,  and  back  again,  to  infure  the  inti- 
mate mixture  of  the  ingredients.  Thefe  are  by 
no  means  ufelefs  precautions,  for  where  one  of 
the  metals  is  of  confulerably  greater  denfity 
than  the  other,  it  requires  particular  care  to 
make  the  quality  of  the  alloy  equal  throughout 
the  whole  of  the  mafs.  Schlutter  relates,  a 
that  twenty  pounds  weight  of  filver,  containing 
about  a 56th  part  of  gold,  was  melted  in  a 
crucible,  and  poured  into  cold  water  to  be  gran- 
ulated : famples  from  the  top,  middle,  and 
bottom  of  the  mafs  were  then  afiayed,  and  were 
found  all  to  differ  in  their  proportions  of  gold. 
In  like  manner  Mr.  Hatchett  obferved, b that 
gold  made  ftandard,  with  the  ufual  precautions, 
by  filver,  copper,  lead,  antimony,  &c.  and  then 
call  into  vertical  bars,  was  by  no  means  diftri- 
buted  equally,  but  that  the  top  of  each  bar, 
(being  compofed  of  the  portion  of  alloy  which 
occupied  the  bottom  of  the  crucible)  was  both 
purer  and  of  greater  fpecific  gravity  than  the 
lower  end  of  the  bar. 

It  is  a matter  of  confiderable  importance  to 
afeertain  whether  alloys  are  mere  mixtures  or 


proper  chemical  compounds  : in  moft  inftances 
there  feems  to  be  little  or  no  doubt  of  the  latter 
being  the  cafe,  and  perhaps  all  the  fuppofed 
examples  of  the  contrary  may  be  looked  upon 
as  inftances  of  the  fuperfaturaiion  of  one  of 
the  ingredients  by  the  other. 

The  rule  that  is  laid  down  in  moft  chemical 
books  for  afeertaining  whether  a mafs  of  metal 
is  an  alloy  or  a fimple  mixture,  is  to  fufe  it 
with  as  little  heat  as  poffible,  and  to  keep  it  in 
this  ftate  till  its  component  parts  feparate  from 
each  other,  like  oil  from  water,  according  to  their 
refpe£live  gravities.  Thus  if  nearly  equal  parts 
of  gold  and  filver  are  melted  haftily  together, 
and  granulated  by  pouring  into  cold  water, 
although  the  particles  of  gold  and  filver  cannot 
be  diftinguifhed  from  each  other  by  their  ex- 
ternal characters,  yet  they  may  be  eafily  made 
to  feparate  by  melting  the  mafs  at  a very  gentle 
heat,  keeping  it  in  fufion  for  a quarter  of  an 
hour  more  or  lefs,  and  then  allowing  it  to  cool 
gradually  ; the  crucible  being  now  examined, 
will  be  found  to  contain  the  gold,  alloyed  with 
a fmall  variable  proportion  of  filver  in  a lump 
at  the  bottom,  and  the  reft  of  the  filver  wholly 
free  from  gold,  lying  upon  it.c  It  feems 
however  by  no  means  to  be  a neceflary  confe- 
quence  of  this  fa£t,  that  the  mafs  in  queftion 
was  not  a proper  alloy  : the  ftrong  affinity  of 
cohefion  that  fubfifts  between  the  particles  both 
of  gold  and  filver,  the  great  difference  between 
their  fpecific  gravities,  and  the  temperature  at 
which  they  become  liquid : all  thefe  forces 
concurring  together  in  the  moft  favourable  cir- 
cumftances,  may  well  overcome  a confiderable 
degree  of  chemical  affinity.  Still  lefs  can  it  be 
hence  inferred  that  no  proportions  of  gold  and 
filver  can  form  a proper  alloy. 

Another  objection  to  the  method  juft  men- 
tioned of  diftinguifhing  alloys  from  mixtures, 
is,  that  it  is  applicable  only  to  a very  few  cafes. 
When,  for  example,  a mixture  of  copper  and 
lead  is  to  be  fubje£led  to  this  trial,  as  foon  as 
the  feparation  begins  to  take  place,  part  of  the 
lead  will  occupy  the  bottom  of  the  crucible, 
while  the  reft  ftill  mixed  with  the  copper,  will 
float  above  it : in  proportion  as  the  procefs  goes 
on,  and  the  copper  becomes  purer,  a greater 
heat  will  be  required  to  keep  it  liquid ; the 
lead  will  then  begin  to  boil,  and  particles  of  this 
metal  in  vapour  will  be  conftantly  thrown  up 
into  the  copper,  fo  as  to  prevent  the  compleat 
parting  of  the  two,  even  fuppofing  that  no  che- 
mical affinity  whatever  fubfifted  between  them. 
With  ftill  more  force  will  this  obje£lion  apply 
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to  a mixture  of  iron  with  any  other  metal  that 
is  heavier  and  more  fufible  than  itfelf. 

The  evidence  of  chemical  affinity  between 
metallic  fubftances,  is  of  the  fame  kind  as  in 
other  cafes,  confiding  either  of  an  entire  change 
of  properties,  or  in  fuch  modifications  of  them, 
as  are  obvioufly  not  intermediate  between  thofe 
of  the  conftituent  parts.  Thefe  we  ffiall  proceed 
to  mention,  premifing  however  that  there  are 
more  doubts  and  difficulties  on  this  fubje£f, 
than  in  any  other  department  of  chemical 
fcience. 

It  is  a ftriking  proof  of  affinity  between  two 
metals,  when  one  being  applied  in  vapour  to 
the  furface  of  another,  of  much  greater  fixity, 
and  at  a high  temperature,  quits  its  gafeous 
form  without  any  diminution  of  heat,  and  enters 
into  intimate  union  with  it.  Thus  if  a fmall 
crucible  containing  gold,  is  inferted  into  a larger 
one,  and  fome  bifmuth  be  fcattered  in  the  fpace 
between,  and  the  apparatus  be  raifed  to  a white 
heat  in  order  to  melt  the  gold,  the  bifmuth 
at  this  high  temperature  will  be  for  the  molt 
part  reduced  to  vapour,  yet  upon  examination, 
the  gold  will  be  found  to  have  combined  with 
part  of  it,d  thus  firewing  that  the  affinity  be- 
tween thefe  two  metals  is  fo  great  as  to  over- 
come the  oppofition  prefented  by  the  difference 
in  their  fpecific  gravities,  and  the  elaftic  ftate 
of  the  bifmuth. 

The  remarkable  difference  between  the  fufi- 
bility  of  fome  alloys  and  that  of  their  conftituent 
ingredients,  may  be  confidered  as  another  fign 
of  real  affinity.  As  far  as  experiments  have 
been  inftituted  on  this  fubje£f,  it  appears  that 
the  point  of  liquefaction  in  almoft  all  alloys  is 
lower  than  would  have  been  inferred  from  the 
mean  fufibility  of  their  elements.  Thus  a mix- 
ture of  gold  and  iron  will  melt  at  nearly  the 
fame  temperature  that  is  required  for  the  fufion 
of  gold  alone.  In  fome  cafes  the  fufibility  of 
the  alloy  is  even  greater  than  that  of  its  moil 
fufible  ingredients : thus  an  alloy  of  tin,  lead, 
and  bifmuth,  will  become  fluid  in  boiling  water, 
a heat  not  fufficient  for  the  melting  even  of 
bifmuth,  the  moft  fufible  of  the  three. 

Some  metals  appear  capable  of  uniting  with 
each  other  in  any  proportions,  as  gold  and 
copper,  lead  and  tin,  lead  and  filver,  &c.: 
others  are  faid  to  combine  only  to  faturation, 
as  filver  and  iron,  lead  and  iron;e  of  this  how- 
ever there  feems  to  be  fome  doubt ; while  a 
few  have  been  reckoned  abfolutely  incapable  of 
combination ; thus  quickfilver  is  fuppofed  not 


to  unite  with  either  iron,  cobalt,  or  nickel. 
Something  however  in  thefe  three  inftances  is 
to  be  attributed  to  the  hardnefs  of  die  metals, 
and  to  their  requiring  for  their  fufion,  or  even 
foftening,  a heat  much  greater,  that  will 
entirely  volatilize  quickfilver,  fo  that  the  cir- 
cumftances  moft  favourable  to  combination 
cannot  in  thefe  cafes  be  brought  about.  Thus 
much  however  is  certain,  that  if  iron  be  previ- 
oufly  combined  with  tin  or  zinc,  the  mixture' 
will  diflolve  in  mercury  without  difficulty,  form- 
ing in  the  firft  inftance  a magnetic,  and  in  the 
latter  an  unmagnetic  triple  alloy. f 

The  durability  of  alloys  is  in  moft  cafes  much 
lefs  than  might  be  fuppofed  from  that  of  their 
component  parts ; fo  generally  indeed  does 
this  happen,  that  Macquer  and  Gellert  are  in- 
clined to  deny  to  thofe  metallic  mixtures  that: 
are  ductile,  the  name  of  alloys.  This  however 
is  clearly  carrying  the  matter  to  an  excefs. 
Some  very  dutftile  metals  are  rendered  per- 
fe£tly  brittle  by  the  addition  of  a very  minute 
proportion  of  even  another  du£tile  metal,  as  is 
ftrikingly  the  cafe  with  the  alloy  of  lead  and 
gold : half  a grain  of  the  former  rendering 
an  ounce  of  the  latter  extremely  fpungy  and 
brittle. s In  many  of  the  brittle  alloys  how- 
ever a variation  in  the  proportion  of  the  ingre- 
dients will  fo  greatly  modify  this  quality,  with- 
out materially  affe£ting  the  others,  as  to  render* 
it  probable  that  brittlenefs  is  rather  a proof  of 
fuperfaturation  than  of  chemical  union.  Iron 
when  combined  with  about  a fifth  of  tin,  forms 
a white  alloy,  whofe  fufibility,  fpecific  gravity, 
&c.  clearly  demonftrate  a chemical  union,  yet 
the  compound  is  very  foft  and  dudtile : but 
when  the  proportion  of  tin  is  rendered  equal 
with  that  of  the  iron,  the  mafs  is  perfectly 
brittle.  So  in  like  manner  copper,  with  TV 
of  tin  forms  a malleable  alloy,  but  if  the  tin  is 
increafed  to  of  the  whole,  the  alloy  is  brittle.11 
Even  brafs,  which  when  made  of  eleven  parts 
copper  to  one  of  zinc,  is  more  malleable  than 
copper  itfelf,  becomes  brittle  when  the  zinc 
forms  -j-  of  the  mafs.' 

In  determining  the  difference  between  me- 
tallic mixtures  and  alloys,  great  ftrefs  has  been 
laid  on  the  fpecific  gravity,  and  wherever  this 
has  been  found  to  differ  from  what  by  calcu- 
lation ought  to  have  been  the  refult,  the  mix- 
ture has  been  confidered  as  a proper  alloy  with- 
out any  further  enquiry.  The  afeertaining  of 
fpecific  gravity  however,  is  in  common  cafes 
attended  with  confiderable  difficulty,  and  when 


* Hatchett,  Phil.  Trans,  for  1803.  e Guyton,  An.  de  Ch.  xliii.  47.  f Own  Exper.  s Hatchett,  Phil.  Trans,  for 
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the  fpecific  gravities  of  various  metals  and  metal- 
lic mixtures  are  to  be  compared  with  each  other, 
the  fources  of  error  are  fo  multiplied,  as  to 
render  it  difficult  even  for  the  moll  fkilful  to 
avoid  falling  into  error.  In  the  firft  place,  care 
muft  be  taken  that  the  alloy  and  the  ingredients 
of  which  it  is  compofed,  are  under  fimilar  cir- 
cumftances  of  compreffion  : copper  and  gold  in 
the  ftate  of  wire,  are  fpecifically  heavier  than  the 
fame  metals  that  have  limply  been  fufed ; if 
therefore  we  melt  together  equal  weights  of 
copper  wire  of  the  fpecific  gravity  8.  87  and 
laminated  gold,  fpecific  gravity,  19.  36  and  find 
that  the  fpecific  gravity  of  the  button  of  alloy 
inftead  of  being  equal  to  14.il  is  confiderably 
lefs  than  the  mean  of  its  component  parts,  we 
ffiall  yet  by  no  means  be  juftified  in  inferring 
from  this  fa£l  that  chemical  union  has  taken 
place.  The  fpecific  gravity  of  copper  flowly 
cooled,  and  not  wire-drawn,  is  only  7.78  and 
that  of  gold  in  the  fame  circumftances,  is  19.25, 
and  this  being  alfo  the  ftate  of  the  alloy,  its 
calculated  fpecific  gravity,  inftead  of  being 
14. 11,  ought  to  be  eftimated  only  at  13.51. 
Much  alfo  depends  on  the  nature  of  the  mould 
in  which  the  alloy  is  call ; the  fpecific  gravity 
of  the  fame  individual  mafs  being  always  lefs 
when  call  in  fand,  than  in  iron.  Thus  Mr. 
Hatchett  k found  the  fpecific  gravity  of  gold, 
made  ftandard  by  Britifh  copper,  and  caft  in 
iron,  to  be  17.281,  while  the  fame,  caft  in  fand, 
was  only  16.994. 

Another  circumftance  as  yet  unattended  to, 
and  which  influences  the  fpecific  gravity  of 
metals,  whether  pure  or  mixed,  has  been  afeer- 
tained  by  the  accurate  chemift  above  men- 
tioned. 1 It  is  this  : if  the  mould  is  not  placed 
horizontally,  the  lower  part  of  the  bar  or  ingot 
will  have  to  fuftain  not  only  the  weight  of  the 
atmofphere,  but  alfo  that  of  the  upper  part  of 
the  bar : hence  there  will  be  a difference  in 
gravity  between  the  top  and  bottom  of  an  ingot, 
which  will  vary  according  to  its  length,  and  the 
horizontal  angle  in  which  it  was  placed  while 
calling.  Nor  is  this  difference  fo  trifling  as 
might  at  firft  be  fuppofed : a bar  weighing 
twelve  ounces  of  ftandard  gold,  was  call  in  a 
vertical  pofition,  and  on  an  accurate  exami- 
nation, the  fpecific  gravity  of  the  top  was 
17.035,  and  that  of  the  bottom  was  17.364: 
nor  was  this  in  any  degree  owing  to  the  unequal 
diftribution  of  the  copper,  for  the  proportion  of 
pure  gold  in  both  pieces  was  precisely  the  fame. 

If  however  thefe  caufes  of  error  are  properly 
attended  to  and  obviated,  there  feems  no 

* Phil  Tranf.  for  1803.  p,  1:8.  ’ Ibid.  p.  i; 


reafon  why  a change  of  fpecific  gravity  may  not 
in  thefe,  as  in  other  cafes,  be  looked  upon  as 
an  evidence  of  chemical  combination.  The 
bulk  of  fome  metallic  mixtures  is  greater,  and 
of  others  lefs,  than  that  of  their  component 
parts,  but  we  are  by  no  means  in  poffelfion  of  a 
fufficient  number  of  accurate  experiments,  to 
draw  any  general  inferences  from  this  variation. 

In  a few  cafes  the  colour  of  an  alloy  may  be 
confidered  as  indicative  of  chemical  union, 
being  by  no  means  intermediate  between  that 
of  its  elements : of  this  kind  is  the  golden  co- 
lour of  the  alloy  of  copper  and  zinc,  and  the 
filver  hue  of  arfenicated  copper  3 but  the  general 
fimilarity  of  colour  between  the  white  metals 
and  their  alloys,  confines  the  application  of  this 
external  charadler  to  a very  few  inftances. 

The  moft  important  but  the  mod  difficult  in- 
veftigation  refpe£ling  the  mutual  adtion  of  metals 
on  each  other,  is  the  elective  affinity  which  has 
been  obfeurely  obferved  in  a few  cafes,  and 
doubtlefs  by  proper  attention  may  be  traced  in 
many  more.  In  all  inftances  where  this  takes 
place,  there  can  be  no  queftion  whether  the 
fubftance  operated  on  is  a proper  alloy  or  a 
mere  mixture,  the  difeovery  therefore  of  fa£ls 
of  this  kind  is  of  peculiar  importance.  An 
amalgam  of  bifmuth,  is  in  part  decompofed  by 
allowing  a bar  of  lead  to  remain  fufpended  in  it, 
a portion  of  the  lead  is  diffolved,  and  the  re- 
mainder is  ftudded  with  cryftals  of  bifmuth, 
gradually  depofited  in  the  fame  manner  as  a piece 
of  zinc  decompofes  a folution  of  acetite  of 
lead.m 

The  above  are  the  principal  general  circum- 
ftances  that  have  been  obferved  concerning  the 
adtion  of  metals  on  each  other,  a fubjedl  that 
may  demand  the  abilities  and  will  recompenfe 
the  attention  of  the  greateft  and  moft  accurate 
chemifts,  and  which  unfortunately  has  hitherto 
received  lefs  elucidation  from  the  fuperior  know- 
ledge and  fkill  of  modern  philofophers  than  any 
other  branch  of  chemical  fcience. 

ALUDEL.  An  article  of  chemical  appa- 
ratus. (See  the  Appendix.) 

ALUM.  Maun,  Germ.  Alun,  Fr.  2w7tt»j 
Gr.  Alumen.  Lat. 

This  fait,  improperly  denominated  Sulphat 
of  Alumine,  in  the  modern  nomenclature,  is  by 
far  the  moft  important  of  all  thofe  with  earthy 
bafes  : we  fliall  therefore  treat  of  it  confiderably 
at  length. 

Much  uncertainty  prevails  refpedling  the 
knowledge  which  the  ancients  poffeffed  of  this 
fubftance.  The  svjrrrgix  of  Diofcorides,*  and 
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Alumen  of  Pliny, b appear  to  comprehend  a 
variety  of  faline  preparations,  refembling  each 
other  only  in  their  ftyptic  tafte.  We  may  how- 
ever with  tolerable  certainty  refer  the  <^x.‘sy>  or 
trichitis , to  the  native  alum  of  modern  mine- 
ralogifts,  while  the  vy$a.  or  liquiduin , appears 
to  be  fimilar  to  the  prefent  manufactured  Levant 
alum.  This  laffc  is  defcribed  by  the  authors 
above  mentioned,  as  of  an  uniform  texture, 
limpid,  milk-white  (probably  on  the  outfide) 
and  in  great  ufe  for  dying  wool  of  bright  co- 
lours : it  is  characterized  by  Pliny,  as  ftriking 
a black  colour  with  pomegranate  juice,  whence 
we  may  infer  that  it  contained  a fmall  pro- 
portion of  fulphat  of  iron,  as  the  commoner 
kinds  of  alum  do  at  prefent.  Of  the  particular 
method  of  manufacturing  it,  we  are  almoft 
wholly  unacquainted  ; Pliny  merely  mentioning 
that  it  was  made  from  water  and  mud,  or  in 
other  words,  by  lixiviation.  The  beft  was  ob- 
tained from  Egypt,  and  the  illand  Melos;  it  was 
alfo  prepared  in  Cyprus,  Sardinia,  and  the  Lipari 
iilands. 

In  the  middle  ages,  alum-works  were  efta- 
blilhed  at  Roccha  in  Syria,  c (formerly  called 
Edefl'a)  whence  the  commercial  name  of  Roch 
alum,  at  Foya  Nova,  near  Smyrna,  and  in 
the  vicinity  of  Conftantinople.  From  thefe 
places  the  Genoefe,  and  other  commercial  dates 
of  Italy,  procured  the  alum  with  which  they 
fupplied  the  Weftern  and  Northern  parts  of 
Europe.  About  the  middle  of  the  fifteenth 
century  this  manufacture  was  introduced  into 
Italy,  and  the  eftablilhments  of  La  Tolfa, 
Viterbo,  and  Volaterra,  foon  acquired  an  im- 
portance which  induced  Pope  Pius  II.  to  pro- 
hibit the  ufe  of  Oriental  alum.  Early  in  the 
fixteenth  century  the  art  of  preparing  this  fait 
extended  to  Spain  and  Germany.  The  alum 
works  of  Whitby  in  England,  were  eftablifhed 
in  the  reign  of  Elizabeth,  by  Sir  Thomas 
Chaloner : and  in  the  feventeenth  century  the 
manufacture  of  alum  began  to  be  undertaken 
in  Sweden. 

Alum  was  well  known  by  the  older  chemifts 
to  contain  an  earth  in  combination  with  fulphu- 
ric  acid  : but  from  its  being  precipitable  in  a 
white  pulpy  mafs  by  a carbonated  alkali,  and 
being  again  foluble  with  effervefcence  in  an 
acid,  the  common  opinion  for  a long  time  was 
that  this  earth  was  the  calcareous,  and  there- 
fore that  there  was  a confiderable  analogy  be- 
tween alum  and  felenite.  Geoffroy,  Baron, 
Ilellot,  and  Pott,  in  their  interefting  experi- 
ments on  this  fait,  fhewed  that  its  earthy  bafe 

k Plisiii,  Hid.  Nat.  L.  xxxv.  § 5 j.  c Bergman,  Eli.  v.  i.  p.  33 


was  contained  in  clay  ; and  Marggraf  in  his  two 
memoirs  on  this  fubjcCl:,d  made  a ftill  nearer 
approach  to  the  knowledge  of  its  condiment 
parts.  Fie  {hewed  that  the  precipitated  earth  of 
alum,  when  well  waflied,  is  reloluble  in  fulphu- 
ric  acid,  even  after  it  has  been  calcined,  but 
that  this  folution  yields  on  evaporation  only  a 
faline  magma,  inftead  of  cryftals  of  alum  : the 
fame  effeCt  takes  place  if  a native  clay  is  ufed, 
inftead  of  the  earth  of  alum.  This  able  chemiflt 
alfo  proved  that  the  addition  of  a little  potafh 
to  the  fulphat  of  alumine,  communicated  to  it 
the  property  of  depofiting  oCtahedral  cryftals  of 
genuine  alum : he  feems  however  to  have  con- 
sidered the  alkali  only  to  be  of  ufe  in  combining 
with  and  neutralizing  a certain  oily  or  greafy 
matter,  which  by  adhering  to  the  cryftalline 
plates  of  the  magma,  prevented  them  from  co- 
alefcing  into  hard  and  perfeCl  cryftals.  The 
eflay  of  Bergman,  e on  the  preparation  of  alum 
(publilhed  firft  in  1767)  added  confiderably  to 
our  knowledge  of  the  ingredients  and  chemical 
properties  of  this  fait : it  is  here  {hewn  that  a 
fmall  excefs  of  acid  is  neceffary  to  the  conftitu- 
tion  of  alum,  fince,  when  this  is  taken  away, 
its  tafte,  folubility,  and  cryftallizability  are  de- 
ftroyed.  The  author  alfo  mentions  in  the  fame 
treatife,  that  thofe  lixivia,  which  on  account 
of  their  great  excefs  of  acid  cannot  by  mere 
evaporation  be  made  to  depofit  alum,  may  be 
brought  to  a cryftallizable  ftate  by  the  addition 
of  potaih  or  ammonia,  but  not  by  means  of 
foda  or  lime.  He  further  obferves,  that  vitrio- 
lated  potafh  and  alum  combine  into  a triple  fait; 
yet  is  by  no  means  of  opinion  that  all  alum 
neceflarily  contains  either  potafh  or  ammonia ; 
on  the  contrary  he  recommends  the  acid  un- 
cryftallizable  lixivia  to  be  treated  with  clay,  in 
order  to  neutralize  their  great  excefs  of  acid, 
and  difpofe  them  to  depofit  a larger  quantity  of 
cryftals  than  could  be  procured  from  the  ad- 
dition of  potaih.  This  propofed  improvement 
of  the  manufacture  was  introduced  without 
fuccefs  into  fome  of  the  German  eftablilhments, 
and  many  of  the  chemifts  of  that  nation  began 
to  confider  alum  as  a proper  triple  fait,  in  which 
the  prefence  of  potaih  or  ammonia  was  ab- 
folutely  necefiary : Profeflor  Hildebrand,  and 
Klaproth,  in  particular,  were  decidedly  of  this 
opinion.  It  is  to  the  accurate  and  indefatigable 
Vauquelin,  however,  that  chemiftry  is  indebted 
for  the  lateft  and  moft  fatisfaClory  experiments 
on  this  fubjeft,  which  have  fcarcely  left  any 
thing  further  to  be  known  relative  to  the  com- 
pofition  of  this  fait. 

. 11  Mem.  de  l’Acad,  de  Berlin,  1754.  p,  31.  • Berg,  Eff,  v.i. 
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f He  firft  diflolved  in  pure  fulphuric  acid  fome 
alumine  equally  pure,  and  then  evaporated  the 
folution  repeatedly  to  drynefs,  in  order  to  drive 
off  the  excefs  of  acid : the  dry  pulverulent 
refidue  being  then  re-diffolved  in  water,  was 
brought  by  evaporation  to  various  ftates  of 
fpeciiic  gravity,  for  the  purpofe  of  cryftalli- 
zation $ but  notwithftanding  every  precaution, 
a flaky  cryftalline  refidue  was  all  that  could  be 
procured.  The  folution  which  had  thus  con- 
ftantly  refufed  of  itfelf  to  yield  cryftallized  alum, 
began  to  depofit  fome  immediately  on  the  ad- 
dition of  a few  drops  of  carbonated  potafih,  and 
by  accurately  proportioning  the  alkali,  the  whole 
of  the  liquor,  to  the  very  laft  drop,  was  made 
to  futnirh  by  evaporation  odtahedral  cryftals  of 
alum. 

Another  portion  of  the  fame  pure  aluminous 
fulphat  was  mixed  with  the  fame  quantity  of 
carbonated  foda  as  had  been  employed  of  potafli 
in  the  preceding  experiment,  but  no  cryftals 
were  depofited,  even  by  evaporation.  Nor  were 
lime  or  barytes  more  efficacious.  Hence  it  may 
be  inferred  that  alum  is  by  no  means  a pure 
fulphat  of  alumine,  and  that  the  ufe  of  potaffi 
in  promoting  its  cryftallization  is  not  to  faturate 
a fuppofed  excefs  of  acid.  This  was  further 
demonftrated  by  fubftituting  fulphat  of  potafh 
and  fulphat  of  ammonia  for  thefe  alkalies  in 
their  pure  or  carbonated  ftates,  in  which  cafe, 
being  already  faturated  with  fulphuric  acid,  they 
could  not  poffibly  contribute  to  deprive  the  alu- 
minous fulphat  of  a fuppofed  excefs  of  the  fame 
acid ; yet,  in  this  cafe  as  in  the  former,  the 
uncryftallizable  fulphat  of  alumine  was  made  to 
depofit  cryftals  of  genuine  alum.  The  fame 
effect  took  place  even  when  acidulous  fulphat 
of  potaffi  was  fubftituted  to  common  fulphat  of 
potaffi. 

It  had  been  obferved  by  Bergman,  and  other 
chemifts,  that  a folution  of  common  alum,  if 
boiled  with  clay  or  pure  alumine,  lofes  by  de- 
grees its  acid  tafte,  becomes  fuperfalurated  with 
earth,  and  is  no  longer  foluble  in  water : in  this 
ftate  it  was  called  alum  faturated  with  its  own 
earth.  This  fa£t  alfo  was  examined  into,  and 
ftill  further  elucidated,  by  M.  Vauquelin.  He 
found  that  a long  continued  boiling  was  necef- 
fary  to  produce  this  effedf,  and  that  the  earthy 
alum  thus  formed,  retained  the  potaffi,  or  am- 
monia, which  it  poffeffed  in  its  foluble  ftate, 
fince  by  diffolvin'g  it  in  dilute  fulphuric  acid, 
o&ahedral  cryftals  of  alum  were  depofited.  He 
further  ffiewed  that  the  prefence  of  potaffi  or 
ammonia  was  abfolutely  neceffary  to  render  the 


alum  thus  fuperfaturated,  infoluble : for  by 
boiling  pure  acid  fulphat  of  alumine  with  an 
additional  portion  of  earth,  the  acid  became 
completely  faturated,  but  no  precipitation  en- 
fued : having  then  added  a few  drops  of  fulphated 
potafli,  a depofition  took  place  fliortly  after, 
poffeffing  all  the  properties  of  the  above-men- 
tioned faturated  alum.  Another  curious  fadt 
afcertained  on  this  occafion  was,  that  when 
alum  contains  a larger  proportion  of  potaffi  than 
ulual,  the  form  of  its  cryftals,  inftead  of  being 
odlahedral,  becomes  cubical,  without  any  other 
remarkable  change  of  properties. 

Hence  it  appears  that  there  are  feveral  va- 
rieties of  falts,  compofed  wholly,  or  for  the 
moft  part  of  fulphuric  acid  and  alumine,  clearly 
diftinguifliable  from  each  other,  though  generally 
confounded  together  under  the  common  and 
vague  name  alum. 

1.  The  firft  is  fulphat  of  alumine,  being  a 
faturated  combination  of  alumine  and  fulphuric 
acid. 

2.  The  fecond  is  acid  fulphat  of  alumine,  and 
differs  from  the  preceding  only  in  containing  an 
excefs  of  acid. 

3.  The  third  is  acid  fulphat  of  alumine  with 
potaffi,  cryftallizing  in  odbahedrons. 

4.  The  fourth  is  acidulous  fulphat  of  alumine 
with  potaffi,  cryftallizing  in  cubes. 

5.  The  fifth  is  fulphat  of  alumine  with  pot- 
affi, or  alum  neutralized  by  its  own  earth,  pul- 
verulent, infipid,  infoluble  in  water. 

6.  The  fixth  is  acid  fulphat  of  alumine  with 
ammonia. 

7 . And  the  feventh  is  acid  fulphat  of  alumine 
with  potaffi  and  ammonia,  or  the  common  alum 
of  the  ffiops. 

The  analyfis  of  alum,  when  it  was  fuppofed 
to  confift  only  of  fulphuric  acid,  alumine,  and 
water  of  cryftallization,  was  very  fimple.  Berg- 
man recommends  to  take  a given  weight  of 
alum  and  calcine  it  in  a full  red  heat,  in  order 
to  drive  off  the  water  of  cryftallization,  the 
amount  of  which  is  indicated  by  the  lofs  of 
weight  in  this  procefs.  A frefli  portion  of  fait 
is  then  to  be  diflolved  in  water,  and  decompofed 
by  the  addition  of  carbonated  potafli  •,  the  pre- 
cipitate, when  well  waffled  and  ignited,  in- 
dicates the  proportion  of  earth  ; and  the  quantity 
of  fulphuric  acid  is  either  eftimated  from  the 
known  weight  of  water  and  alumine  obtained 
in  the  previous  procefles,  or  may  be  calculated 
from  the  fulphat  of  potaffi  refulting  from  the 
evaporation  of  the  refidual  liquor,  after  the 
feparation  of  the  alumine.  The  imperfe&ions 
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however  of  this  method  are  too  obvious  to  need 
pointing  out  we  fliall  therefore  proceed  to 
notice  the  mode  made  ufe  of  by  Vauquelin. 

He  firft  reduces  a fmall  piece  of  alum  to 
powder,  and  adds  to  it  a folution  of  cauftic  pot- 
afh,  in  fufficient  quantity  to  decompofe  it  en- 
tirely ; if  then  upon  gently  heating  it  gives  out 
an  ammoniacal  odour,  as  is  generally  the  cafe, 
this  fhows  the  prefence  of  fulphated  ammonia. 
Having  obtained  this  indication,  he  dilTolves 
three  hundred  grains  of  the  alum  in  diftilled 
water,  puts  the  liquor  into  a tubulated  retort, 
and  adds  quick  lime  equal  in  weight  to  the  fait : 
by  making  this  mixture  boil  for  about  twenty 
minutes,  the  whole  of  the  ammonia  is  expelled, 
and  may  be  condenfed  by  cold  water  in  the 
receiver,  or  in  a Woulfe’s  apparatus  : this  am- 
moniacal liquor  being  then  carefully  faturated 
with  fulphuric  acid,  and  cryftallized,  will  fhow 
the  quantity  of  fulphated  ammonia.  The  refidue 
in  the  retort  being  mixed  with  warm  water, 
and  filtered,  a clear  liquor  is  obtained,  contain- 
ing the  fulphat  of  potafh,  with  fome  felenite, 
which  laft  being  got  rid  of  by  boiling  and 
evaporation,  the  remaining  fluid  will  then  de- 
pofit  the  fulphat  of  potafh  in  a cryftalline  form. 
When  the  previous  affay  does  not  indicate  the 
prefence  of  ammonia,  the  alum  is  to  be  decom- 
pofed  by  cauftic  ammonia,  the  precipitate  is  to 
be  well  wafhed,  and  the  liquors,  being  added 
together,  are  to  be  gently  evaporated  to  drynefs : 
the  fait  thus  obtained,  is  heated  in  a crucible, 
till  it  ceafes  to  exhale  white  vapours  of  am- 
moniacal fulphat,  and  the  reft  is  fulphat  of 
potafh.  The  objeflions  to  which  this  procefs 
is  liable  are,  firft,  that  the  oxyd  of  iron  is  not 
at  all  noticed ; fecondly,  that  the  lime  will  in 
part  decompofe  the  fulphat  of  potafh ; and 
thirdly,  that  the  alumine,  when  mixed  with 
lime,  cannot  without  a long  procefs  be  again 
feparated.  The  following  is,  perhaps,  upon 
the  whole,  the  moft  accurate  way  of  analysing 
the  fait  in  queftion. 

1.  Of  1200  grains  of  alum  take  400,  and 
make  a faturated  folution  of  it  in  diftilled  water-, 
add  to  this,  in  a tubulated  retort,  400  grains  of 
quick  lime ; boil  the  mixture  for  a quarter  of 
an  hour  or  twenty  minutes,  and  the  water  con- 
denfed in  the  receiver  will  contain  the  whole 
of  the  ammonia.  Saturate  this  accurately  with 
fulphuric  acid,  and  evaporate  the  liquor  to  dry- 
nefs, continuing  the  heat  till  nothing  remains 
behind  but  perfedlly  dry  fulphat  of  ammonia. 

2.  Having  thus  afcertained  the  ammoniacal 
fait,  take  another  400  grains  of  alum,  and  ignite 


it  in  an  open  crucible  for  a quarter  of  an  hour ; 
the  lofs  of  weight  which  it  thus  undergoes  in- 
dicates the  quantity  of  water  of  cryftallization 
and  fulphat  of  ammonia,  the  only  volatile  in- 
gredients that  it  contains  -,  but  the  amount  of 
the  latter  of  thefe  having  been  determined  in  the 
firft  procefs,  that  of  the  former  is  alfo  found  by 
fimple  fubtraflion. 

3.  Take,  laftly,  the  remaining  400  grains, 
and  diflolve  them  in  water  to  faturation  ; to  this 
add  liquid  ammonia,  as  long  as  it  occafions  any 
precipitate  $ warm  the  mixture,  and  let  it  ftand 
for  fome  hours  in  a jar  for  the  earth  to  fubfide  ; 
decant  off  the  fupernatant  fluid,  and  replace  it 
by  more  ammonia ; then  transfer  the  whole 
into  a fialk,  and  heat  it  moderately ; return  it 
afterwards  into  the  jar,  and  when  it  has  flood 
fome  time,  pour  off  the  clear  liquor  wafh  the 
precipitate  repeatedly  with  warm  water,  and 
transfer  it  to  a filter  to  dry.  The  precipitate 
contains  the  alumine  and  oxyd  of  iron,  all  the 
other  ingredients  of  the  alum  remaining  in  fo- 
lution. When  the  precipitate  is  moderately  dry, 
boil  it  in  a flaflc  with  cauftic  potafh  the  earth 
will  be  diffolved,  and  the  oxyd  of  iron  may  be 
feparated  by  the  filter,  and  requires  afterwards 
to  be  wafhed  and  ignited ; the  alumine  is  then 
to  be  feparated  from  its  diluted  alkaline  folution, 
by  being  boiled  with  muriat  of  ammonia,  and 
when  wafhed  and  ignited,  remains  pure.  We 
now  return  to  th-e  ammoniacal  folution,  into 
which,  when  previoufly  neutralized  by  nitric 
acid,  nitrat  of  barytes  is  to  be  dropped  as  long 
as  any  precipitate  takes  place : the  fulphat  of 
barytes  thus  procured  demotes  the  quantity  of 
fulphuric  acid  in  the  alum.  The  refidual  liquor 
now  holding  the  nitrats  of  potafh  and  ammonia, 
is  to  be  evaporated  nearly  to  drynefs,  at  which 
period,  a fufficient  quantity  of  fulphuric  acid 
being  added,  a further  application  of  heat  will 
drive  off  the  nitric  acid  and  fulphat  of  ammonia, 
leaving  behind  the  fulphat  of  potafh.  Thus  we 
obtain  the  quantity  of  fulphat  of  potafh  ; that 
of  the  fulphat  of  ammonia  being  known  by  the 
firft  procefs,  and  that  of  the  whole  fait  being 
indicated  by  the  fulphat  of  barytes. 

We  fliall  now  proceed  to  notice  the  manu- 
faflure  of  this  fait.  The  earlieft  author  who 
treats  on  this  fubjefl  is  Agricola/  and  he  gives 
us  a Angularly  perfpicuous  and  fatisfaflory 
account  of  the  methods  purfued  in  his  time, 
(about  1530,)  for  extra  fling  alum  from  its 
earthy,  ftony  and  pyritous  ores.  He  remarks 
that  the  lixivium,  befides  alum,  contains  fulphat 
of  iron,  which  may  either  be  cryftallized  with 
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the  alum,  and  feparated  afterwards  by  hand,  or 
the  fulphat  of  iron  may  be  deftroyed  by  the 
addition  of  a proper  quantity  of  urine.  He  alfo 
mentions  that  the  earthy  fediments  in  the  various 
proceffes  are  not  thrown  away,  but  expofed  for 
a time  to  the  air,  and  then  boiled  with  water 
and  urine,  by  which  management  the  ore  may 
be  made  repeatedly  to  yield  as  much  alum  as  it 
did  at  firft.  It  is  remarkable  that  he  does  not 
mention  a word  of  the  ufe  of  potafh,  nor  is  it 
very  clear  by  whom,  or  at  what  period,  the  ufe 
of  this  alkali  was  introduced  into  the  manu- 
facture. 

The  fimpleft  procefs  by  which  alum  is  pre- 
pared is  that  in  ufe  at  the  Solfatara,  near  Naples. 
It  has  been  defcribed  by  the  Abbe  Mazeas,h 
and  Fougeroux  de  Bondaroy.  * 

The  Solfatara,  called  by  the  ancients  Forum 
Vulcani,  Campi  leucogei,  is  a fmall  plain  on 
the  top  of  a hill,  covered  with  a white  foil,  in 
which  are  perceived  numerous  round  holes  or 
craters,  from  which  fulphureous  vapours  are 
conftantly  afcending.  The  ground,  even  at  the 
furface,  is  confiderably  warm,  and  at  the  depth 
of  a very  few  inches  is  fo  hot  as  to  be  intolerable 
to  the  hand.  It  is  celebrated  by  Pliny  (Nat. 
Hill.  lib.  xxx.  ch.  50.)  for  its  fulphur,  but  the 
alum  eftablifhment  is  of  a much  later  origin. 
The  white  clayey  foil  of  this  plain,  being  pene- 
trated and  entirely  impregnated  by  fulphureous 
vapours,  forms  a rich  ore  of  alum,  as  may  be 
afcertained  by  its  ftrong  ftyptic  tafte  when  ap- 
plied to  the  tongue.  In  order  to  extraCt  the  fait, 
a {bed  is  ereCted,  in  the  middle  of  which  is  placed 
a large  oblong  leaden  ciftern,  let  into  the  ground 
almoll  up  to  the  brim,  in  order  to  receive  a 
proper  quantity  of  the  fubterranean  heat : this 
ciftern  is  furrounded  by  fmaller  cauldrons,  let 
into  the  ground  in  the  fame  manner.  When  all 
is  prepared,  the  extraction  of  the  alum  begins 
by  putting  fome  of  the  aluminous  earth  into  the 
ciftern,  and  pouring  water  upon  it ; this  mix- 
ture is  carefully  ftirred,  till  the  whole  of  the 
fait  is  diftolved  5 after  which,  the  earth  being 
removed,  a frefh  portion  is  put  in,  fo  as  to  bring 
the  water  almoft  to  a ftate  of  faturation.  The 
liquor  is  now  removed  into  the  fmaller  caul- 
drons, and  the  lofs  by  evaporation  is  fupplied 
by  frefh  liquor,  till  a pellicle  begins  to  appear 
on  the  furface.  It  is  then  removed  into  tubs, 
where,  as  it  cools,  it  depofits  a large  quantity 
of  cryftals  of  alum.  The  mother  liquor  is  re- 
turned to  the  ciftern,  where  it  is  mixed  with 
earth  as  before.  The  cryftals  of  alum  are  puri- 
fied by  a fecond  folution  and  cryftallization, 
51  Mem.  de  1’ Acad,  des  Sciences,  vol,  v.  p.  389. 


after  which  they  are  fit  for  the  market.  Hence 
it  appears  that  the  alum  exifts  ready  formed  in 
the  earth  of  the  Solfatara,  and  that  the  whole 
of  the  manufacturing  part  is  reduced  merely  to 
lixiviation  and  purification.  This  alum,  from 
the  carelefs  method  of  preparing  it,  is  confider- 
ably fouled  by  fulphat  of  iron,  and  is  in  con- 
fequence  little  known  beyond  the  Neapolitan 
territories.  The  proportion  of  alum  contained  in 
the  ore  muft  of  neceftity  be  very  various  ; a fpe- 
cimen,  analyfed  by  Bergman,  yielded  only  eight 
per  cent,  whereas  the  Abbe  Mazeas  procured, 
by  firnple  lixiviation,  two  pounds  and  a half  of 
cryftals  from  fix  pounds  of  the  earth,  or  about 
forty-one  per  cent.  It  is  obfervable  that  no 
addition  of  potafh  or  ammonia  is  made  in  this 
manufa&ure,  the  alkali  muft  therefore  exift  in 
the  ore.  As  no  analyfis  has  been  made  of  this 
alum,  it  is  impoflible  to  tell  which  alkali  it 
contains. 

The  alum  works  of  La  Tolfa,  near  Civita 
Vecchia,  in  the  Roman  ftate,  are  among  the 
oldeft  in  Europe,  and  as  the  alum  manufactured 
here  is  reckoned  the  pureft  of  any,  we  fhall  give 
a detailed  account  of  the  procefs,  as  reported  by 
the  Abbe  Mazeas  and  Fougeroux  de  Bondaroy, k 
to  whom  we  have  already  been  indebted  for  the 
preceding  particulars. 

The  ore  made  ufe  of  at  La  Tolfa,  is  the 
Alaunstein  of  the  Germans,  which  is  pro- 
cured about  a mile  off  the  place  where  it  is 
manufactured.  It  is  found  in  irregular  ftrata, 
and  deep,  almoft  perpendicular,  veins  in  the 
fide  of  a hill ; and  when  unmixed  with  other 
fubftances,  is  of  a yellowifli  white  colour,  and 
fo  hard  as  to  require  blafting  by  gunpowder. 
Being  broken  into  pieces  of  a moderate  fize,  it 
is  firft  of  all  roafted.  The  furnace  made  ufe 
of  for  this  purpofe  is  a cylindrical  cavity  in  a 
mafs  of  mafonry,  the  greater  part  of  which  is 
occupied  by  a hemifpherical  dome,  with  a large 
round  aperture  in  its  top.  The  fuel,  which  is 
wood,  is  conveyed  by  a fide  door  into  the  dome, 
and  the  alum  ore  is  piled  fkilfully  over  the  aper- 
ture, fo  as  to  form  a fmaller  dome,  whofe 
diameter  is  equal  to  that  of  the  aperture  in  the 
lower  one.  As  foon  as  the  fire  is  kindled,  the 
fmoak  and  flame  penetrate  through  the  inter- 
ftices  of  the  pieces  of  ore,  and  quickly  heat  the 
whole  mafs.  For  the  firft  three  or  four  hours, 
the  fmoak  efcapes  in  denfe  black  volumes,  but 
by  degrees  it  acquires  a whiter  colour,  the  pieces 
of  ore  become  of  a light  red  or  rofe  colour,  and 
a faint  fmell  of  liver  of  fulphur  becomes  mani- 
feft.  At  the  end  of  twelve  or  fourteen  hours 
' Ditto  for  1765,  p.  275.  k Ditto  for  1766,  p.  I. 


ALU 


ALU 


( 47  ) 


the  fire  is  extinguifhed,  and  when  the  alum 
ftones  are  grown  cool,  they  are  taken  down, 
and  again  arranged  in  the  fame  manner  as  be- 
fore, only  obferving  to  place  thofe  pieces  near 
the  centre  of  the  fire  which  were  before  at  the 
fides,  that  the  whole  may  be  equally  calcined. 
The  fecond  roafling  continues  nearly  as  long  as 
the  firft,  and  the  ftones  are  confidered  to  have 
been  properly  managed  if  they  are  of  an  uniform 
white  colour,  and  confiderably  ftyptic  when 
applied  to  the  tongue. 

The  fecond  procefs  commences  by  piling  the 
ftones  upon  a fmooth  Hoping  floor,  in  long 
parallel  ridges,  between  each  of  which  is  a 
trench  filled  with  water ; from  this  trench  the 
beds  are  frequently  fprinkled,  in  proportion  as 
they  become  dry  by  the  aftion  of  the  fun  and 
wind.  After  a few  days  the  pieces  of  roafted 
ore  begin  to  fwell  and  crack,  and  fall  to  powder 
like  quick  lime  when  it  is  flacked,  acquiring  at 
the  fame  time  a light  reddifh  colour ; and  at  the 
end  of  forty  days,  more  or  lefs,  this  operation 
is  compleated.  Its  fuccefs  is  materially  in- 
fluenced by  funfhiny  weather,  the  hotteft  periods 
of  the  year  producing  the  belt  alum,  and  in  the 
largeft  proportions,  while  long-continued  rains 
entirely  exhauft  and  fpoil  the  ore. 

The  next  ftage  of  tire  manufacture  confifts 
in  difl'olving  the  alum  out  of  the  ore,  and  dif- 
pofing  it  to  cryftallize.  For  this  purpofe  a 
leaden  boiler  is  filled  two-thirds  with  water, 
and  portions  of  the  decompofed  ore  are  fuc- 
ceflively  ftirred  in,  till  the  vefl'el  is  nearly  full : 
when  the  liquor  begins  to  boil  it  is  diligently 
ftirred  up  from  the  bottom,  that  the  whole  of 
the  alum  may  be  difiolved,  and  the  wafte  by 
evaporation,  is  fupplied  from  time  to  time  by 
the  mother  water  of  a preceding  cryftallization. 
At  the  end  of  about  twenty-four  hours  the 
fire  is  extinguifhed,  and  the  liquor  is  left  at  reft 
for  the  particles  of  earth  to  fubfide  ; as  foon  as 
this  has  taken  place,  a ftop-cock,  fixed  in  the 
fide  of  the  boiler,  about  one-third  of  its  heighth 
from  the  bottom,  is  opened,  and  the  clear  fo- 
lution  is  transferred  along  a wooden  fpout,  into 
fquare  wooden  refervoirs,  feven  feet  high  by 
five  wide,  fo  conftru£ted  as  to  be  readily  taken 
to  pieces ; in  thefe  it  remains  about  a fort- 
night, during  which  time  the  alum  cryftallizes  in 
irregular  mafies  upon  the  fides  and  bottom. 
The  mother  liquor  is  of  a flefh  colour  and  unc- 
tuous appearance,  and  ftill  rich  in  alum,  it  is 
therefore  tranferred  into  fhallow  receptacles, 
where  it  depofits,  after  a time,  both  earth  and 
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cryftals  ; thefe  latter  are  taken  out  and  feparated 
from  the  impurities  by  wafhing  in  the  refiduai 
fluid.  Finally,  this  fluid  itfelf  is  let  out  into  a 
deep  refervoir,  whence  it  is  pumped,  to  be 
mixed  with  frefh  water  and  earth  in  the  leaden 
boiler,  as  already  mentioned.  The  earth,  after 
having  been  once  lixiviated,  is  thrown  away, 
although  by  Ample  boiling  with  fulphuric  acid, 
it  may  be  made  to  yield  a confiderable  quantity 
of  pure  alum. 

From  the  analyfis  which  has  been  already 
given  of  the  ore  of  LaTolfa,  under  the  article 
Alaunftein,  it  appears  to  contain  all  the  com- 
ponent parts  of  alum,  but  over-loaded  with 
earth  and  intimately  mixed  with  filex  : the  chief 
advantage  in  the  procefs  of  roafling,  to  which 
it  is  fubjedted  previous  to  lixiviation,  is  probably 
the  cracking  of  the  ftony  nrafles  in  all  directions, 
fo  as  to  render  them  eafily  difintegrable  by  the 
action  of  water.  No  alkali  is  added  in  the 
manufacture  ; the  whole  therefore  of  that  con- 
tained in  the  alum,  muft  have  pi'eexifted  in  the 
ore.  By  the  analyfis  of  Vauquelin,1  the  alum 
of  La  Tolfa  contains 

49.  fulphat  of  alumine, 

7.  fulphat  of  potafli, 

44.  water. 


100. 


Hitherto  we  have  noticed  only  thofe  ores 
which  afford  alum  without  the  addition  of  pot- 
afh  or  ammonia : by  far  the  greater  part  how- 
ever of  the  European  alum  is  prepared  from  the 
aluminous  flate  (Alaunschiefer),  or  the  alu- 
minous earth  (Alaxjnerde),  and  as  thefe  mi- 
nerals contain  only  the  remote  principles  of  this 
fait,  a much  more  complicated  procefs  is  re- 
quired than  where  the  alum  exifts  ready  formed 
in  the  ore.ra  The  only  neceffary  ingredients  in 
the  pyrito-aluminous  ores  are  clay  and  pyrites, 
or  fulphuret  of  iron  j in  addition  however  to 
thefe,  there  is  always  a variable  proportion  of 
bitumen,  lime,  and  magnefia. 

It  is  well  known  that  iron  pyrites,  by  the 
combined  action  of  air  and  moifture,  is  con- 
verted into  fulphat  of  iron,  in  confequence  of 
the  oxydation  of  the  metal  and  the  acidification 
of  the  fulphur  : we  know  alfo  that  this  fait,  bv 
further  expofure  to  the  air,  undergoes  a partial 
decompofition ; the  iron  becoming  highly  oxy- 
dated,  is  incapable  of  combining  with  fo  large 
a proportion  of  fulphuric  acid  as  it  was  united 
with  before,  in  confequence  of  which  a portion 
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of  fulphuric  acid  is  fet  at  liberty,  to  combine 
with  that  fubftance  in  the  ore  with  which  it  has 
the  greateft  affinity.  This  fubftance  is  the  lime, 
fulphat  of  lime  will  therefore  be  produced ; and 
when  the  whole  of  this  earth  is  faturated,  the 
magnefia  will  begin  to  combine  with  the  acid  : 
the  only  two  remaining  fubftances  in  the  ore 
are  alumine  and  filex,  the  latter  of  which  being 
infoluble  in  fulphuric  acid,  the  whole  of  what 
remains,  after  l'aturating  the  lime  and  magnefia, 
muft  combine  with  the  alumine.  The  lime  and 
magnefia  are  doubly  hurtful,  as  they  not  only 
abforb  the  acid  in  preference  to  the  alumine, 
but  their  fulphats  remain  in  the  mother  liquor, 
and  prevent  the  cryllallization  of  a part  of  the 
alum.  Hence  it  appears  that  if  thefe  alkaline 
earths  exift  in  the  ore  in  fo  great  a proportion 
as  to  unite  with  the  whole  of  the  acid,  no  alum 
can  be  produced,  and  that  the  richeft  alum  ore, 
ceteris  paribus , is  that  which  contains  the  lealt 
of  them. 

The  firft  procefs  in  the  manufacture  of  alum 
from  the  pyritous  ores,  is  the  acidification  of 
the  fulphur,  and  the  formation  of  fulphat  of 
alumine  : to  effect  which  the  common  practice 
is  to  roaft  the  ore  as  foon  as  it  is  procured  from 
the  mine.  Upon  a hard  floor  of  rock,  or  well 
rammed  clay,  is  laid  a bed  of  faggots  and  coal, 
which  is  covered  all  over  to  the  thicknefs  of 
two  or  three  feet  with  pieces  of  ore  : fire  is  now 
applied,  and  as  the  heat  penetrates  through  the 
mafs,  frefh  quantities  of  ore  are  added,  till  the 
pile  attains  the  heighth  of  thirty  or  forty  feet. 
In  Sweden,  where  they  lixiviate  the  fame  parcel 
of  ore  repeatedly,  the  pile  is  built  up  with  al- 
ternate ftrata  of  frefh  ore,  and  that  which  has 
already  been  ufed  one,  two,  or  three  times.  In 
two  or  three  months  the  fire  goes  out  of  itfelf, 
and  the  ore,  if  properly  roafted,  will  be  of  a 
brown  colour,  and  aftringent  to  the  tafte : a 
red  colour  indicates  that  the  heat  has  been  too 
great,  and  the  produce  of  alum  is  confiderably 
diminilhed.  The  moll  judicious  method,  how- 
ever, of  preparing  the  ore  for  lixiviation,  is 
that  practifed  at  Flone,  in  the  department  of 
l’Ourte,  in  France.  When  procured  from  the 
mine,  it  is  forted,  according  to  its  degree  of 
hardnefs,  and  laid  lightly  in  heaps  ten  or  twelve 
feet  high,  which  ar,e  fecluloufly  watered  during 
dry  weather,  as  a certain  degree  of  moifture 
greatly  haftens  this  part  of  the  procefs.  The 
fpontaneous  decompofition  of  the  pyrites,  which 
is  thus  brought  about,  is  very  flow,  the  hardeft 
kinds  of  ore  requiring  from  three  to  four  years. 
When  upon  examination  the  mafs  appears  fuf- 
ficiently  impregnated  with  fait,  the  contents 


are  made  into  a pile,  with  alternate  ftrata  of 
faggots,  and  by  a very  judicious  and  gentle 
roalting,  the  fulphat  of  iron  is  for  the  moft 
part  decompofed,  and  its  acid,  uniting  with  the 
alumine  and  the  potafli  produced  by  the  com- 
buftion  of  the  wood,  forms  alum.  After  the 
ore  has  been  prepared  by  one  of  the  methods 
above  mentioned,  it  is  lixiviated.  For  this  pur- 
pofe  large  receptacles  of  wood,  or  mafonry, 
furnifhed  with  a double  bottom  and  ftop-cock, 
are  nearly  filled  with  the  ore  ; upon  which  water 
is  poured  in  various  proportions,  according  to 
the  cuftora  of  the  manufactory  or  the  fuppofed 
richnefs  of  the  materials.  The  moft  economical 
method  is  to  let  the  water  remain  for  twelve 
hours  in  the  firft  refervoir,  containing  ore  that 
has  been  already  twice  lixiviated  •,  then  to  trans- 
fer it  for  an  equal  time  to  that  which  has  been 
once  lixiviated ; and  laft  of  all  to  mix  it  for  the 
fame  number  of  hours  with  frefh  roafted  ore ; 
after  which  it  is  turned  into  a large  vat,  where 
the  earthy  fediment  is  for  the  moft  part  de- 
pofited.  The  liquor  is  judged  to  be  fufficiently 
ftrong  if  its  fpecific  gravity  is  one-eighth  greater 
than  that  of  pure  water,  or  1.25. 

The  boiling  down  fucceeds  to  the  lixiviation, 
and  is  always  performed  in  leaden  veflels,  copper- 
being  for  the  moft  part  too  dear  a material,  and 
iron  being  attended  with  the  inconvenience  of 
decompofing  the  alum  in  a confiderable  degree. 
The  objecSt  in  boiling  is  two-fold,  firft  to  eva- 
porate a part  of  the  water,  and  thus  induce  the 
fait  to  cryftallize,  and  fecondly  to  decompofe 
the  fulphat  of  iron.  The  lixivium  being  mixed 
with  the  mother  water  of  a former  cryftalli- 
zation,  is  boiled  for  twenty-four  or  forty-eight 
hours,  according  to  the  concentration  of  the 
liquor ; during  which  much  felenite  and  oxyd 
of  iron  is  depofited,  forming  a cruft  at  the 
bottom  of  the  pan,  that  requires  to  be  removed 
from  time  to  time. 

In  Saxony,  where  the  proportion  of  mother 
water  is  large,  and  the  lixivium  is  brought  to  a 
high  degree  of  concentration,  the  boiling  con- 
tinues without  interruption  for  a week.  At  the 
end  of  thefe  refpective  periods,  the  fpecific 
gravity  of  the  liquor  is  allayed  by  a leaden  hy- 
drometer, or  by  filling  a bottle  of  known  fize 
with  the  liquor,  and  then  afcertaining  by  the 
balance  the  comparative  weight  between  it  and 
water.  This  being  done,  an  alkaline  folution 
is  added,  and  the  firft  cryllallization  is  brought 
about.  In  the  Saxon  manufactories,  where  the 
liquor  is  uncommonly  concentrated,  as  foon  as 
the  evaporation  is  finilhed,  the  contents  of  the 
boiler  are  let  out  into  a refervoir,  where  they 
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are  ftrongly  agitated  for  half  an  hour,  during 
which  time  a certain  proportion  of  foap-makers 
lees  and  putrified  urine  is  added.  At  Saarbruck, 
the  potalh  is  added  twelve  hours  before  the 
boiling  is  finifhed.  In  the  Englilh  works,  when 
the  liquor  appears  by  the  hydrometer  to  be 
fufficiently  evaporated,  the  fire  is  withdrawn 
from  the  boiler,  and  a ftream  of  impure  alkaline 
lixivium,  from  kelp  and  foap-makers  allies,  is 
let  into  the  liquor  already  in  the  boiler  ; at  the 
fame  time  the  cock  of  the  boiler  is  turned,  fo 
as  to  allow  the  contents  of  it  to  flow  into  a 
refervoir,  by  which  management  the  two  liquors 
are  fpeedily  and  effectually  mixed.  It  remains 
in  this  refervoir  for  three  hours,  during  which 
it  depofits  an  earthy  and  ferruginous  fediment, 
and  becomes  of  a clearer  colour ; it  is  now 
transferred  to  another  large  vat,  and  has  its 
fpecific  gravity  again  taken,  according  to  which 
a greater  or  lefs  quantity  of  putrid  urine  is 
added,  to  lower  it  to  the  required  flandard ; 
being  then  agitated  brifkly  for  a quarter  of  an 
.hour  it  is  left  at  reft,  and  in  the  courfe  of  five 
days  the  cryftals  are  depofited  on  the  fides  of 
the  vefiel.  In  fome  French  and  Swedifh  manu- 
factories, the  liquor,  after  being  boiled  down, 
is  merely  agitated  for  fome  time,  without  adding 
any  alkali,  and  then  palled  into  the  cryftallizing 
tub.  The  rough  alum,  or  of  the  firft  cryftal- 
lization,  is  always  contaminated  by  a fmall 
quantity  of  fulphat  of  iron,  from  which  it  is 
moftly  freed  by  wafhing  in  cold  water,  the 
latter  fait  being  far  more  foluble  in  this  fluid 
than  the  former.  When  wafhed  it  is  ready  to 
be  refined ; for  this  purpofe  a few  hundred 
weights  of  alum  are  put  into  a pan,  with  as  much 
foft  water  as  is  juft  fufficient  for  its  folution 
when  boiling  hot ; after  the  folution  is  effeCted, 
fome  bullock’s  blood  is  added,  for  the  purpofe 
of  clarification ; and  at  the  end  of  about  fix  or 
eight  hours,  when  the  alum  is  held  in  folution 
by  only  a little  more  fluid  than  its  own  water  of 
cryftallization,  the  liquor  is  run  into  calks, 
where  it  concretes  almoft  entirely  in  a Angle 
mafs.  After  ten  or  twelve  days,  the  refidual 
liquor  is  poured  out,  and  the  fait  being  broken 
into  pieces  of  about  a hundred  weight,  is  ready 
•for  fale. 

It  may  appear  remarkable,  and  contradictory 
to  the  experiments  of  Vauquelin,  mentioned  in 
the  former  part  of  this  article,  that  in  fome  of 
the  alum  works  there  fliould  be  no  addition, 
either  of  potafh  or  ammonia,  to  the  lixivium 
obtained  from  the  pyritical  ores,  and  yet  that 
the  produce  of  alum  fhould  be  fuch  as  to  render 
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the  manufacture  a profitable  concern.  The 
proportion  of  alkali  required  hqwqver  being  no 
more  than  three  or  four  per  cent,  fo  minute  a 
quantity  may  well  exift  in  the  .-ore,  without 
being  deteCted  by  chemical  analyfis,  not  .to 
mention  that  part  of  it  would  undoubtedly  be 
furnifhcd  by  the  wood  with  which  the  ore  is 
roafted,  and  that  ammonia  would  be  formed  by 
the  combuftion  both  of  the  bitumen  contained 
in  the  ore  and  of  the  coals  with  which  in  Eng- 
land at  leaft  the  wood  is  mixed. 

The  only  manufacture  of  alum  which  has 
been  conducted  throughout  on  ftrict  chemical 
principles,  is  that  eftablifhed  fome  years  ago  by 
Chaptal,  at  Javelle,  near  Paris,  with  which  we 
fhall  terminate  our  account  of  the  modes  of 
preparing  this  important  fait. 

According  to  the  modern  way  of  preparing 
Sulphuric  Acid,  the  requifite  proportions  of 
fulphur  and  nitre  being  mixed  together,  are 
brought  to  combuftion  in  a clofe  chamber  lined 
with  lead : the  fulphur  is  thus  acidified  and 
converted  to  vapour,  which,  by  degrees,  unites 
with  the  water  with  which  the  floor  of  the 
chamber  is  overfpread,  and  forms  a diluted  ful- 
phur ic  acid.  A fimilar  procefs  was  eftablifhed 
by  Chaptal,11  only  fubftituting  dried  clay  for  the 
water,  the  refult  of  which  was  fo  favourable, 
that  a large  manufactory  on  the  fame  plan  was 
fet  on  foot,  which  has  continued  in  full  activity 
for  feveral  years,  producing  alum  only  inferior 
to  that  of  La  Tolfa. 

The  chamber  in  which  the  combuftion  is 
carried  on  is  91  feet  long,  48  feet  wide,  and  31 
feet  in  heighth,  to  the  pitch  of  the  roof.  The 
walls  are  of  common  mafonry,  lined  with  a 
moderately  thick  coating  of  white  plafter : the 
floor  is  a pavement  of  bricks,  fet  in  a mortar 
compofed  of  equal  parts  of  baked  and  unbaked 
clay;  and  this  firft  pavement  is  covered  by  a 
fecond,  the  bricks  of  which  are  placed  fo  as  to 
lie  over  the  joints  of  the  lower  one,  and.  are 
themfelves  firmly  connected  to  each  other  by  a 
cement,  compofed  of  equal  parts  of  pitch,  tur- 
pentine and  wax,  made  boiling  hot,  and  poured 
between  the  joints  inftead  of  mortar.  The  roof 
is  of  wood,  and  the  beams  are  fet  at  much  lefs 
diftances  than  common  ; they  are  alfo  chanelled 
with  deep  longitudinal  grooves,  for  the  purpofe 
of  receiving  the  planks  that  fill  up  the.  fpace 
between  the  beams,  fo-that  the  whole  of  this 
great  area  of  carpentry  does  not  prefent  a Angle 
nail.  The  chamber  thus  conftruefted,  was  co- 
vered on  the  fides  and  top  w'ith  a layer  of  the 
cement  juft  mentioned,  applied  as  hot  as  poflible, 
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fo  a3  to  penetrate  into  all  the  pores  of  the  wood 
and  plader  ; three  more  fucceflive  layers  were 
then  laid  on,  and  the  lad  was  polifhed,  fo  as  to 
prefent  an  uniform  even  face.  In  order  to 
prevent  the  wood-work  of  the  deling  from 
warping,  it  was  covered  on  the  outfide  with  a 
thick  coating  of  cement,  and  a light  roof  of 
tiles  was  laid  over  the  whole.  By  fubftituting 
this  cement  for  a lining  of  lead,  a vad  having 
was  effe&ed  in  the  firlt  expence ; and  it  has 
been  found  by  long  experience  to  require  fewer 
repairs  than  even  lead  itfelf. 

The  clay  made  ufe  of  is  of  the  pured  kind, 
fuch  as  pipe-clay,  that  it  may  contain  neither 
lime  nor  magnefia,  and  as  little  as  poffible  of 
iron.  It  is  to  be  tempered  with  water,  and 
made  into  balls,  five  or  fix  inches  in  diameter : 
thefe  being  dried  in  the  fun  are  afterwards  cal- 
cined in  a furnace : the  fird  effe£l  of  the  heat 
is  to  blacken  them  ; but  foon  after  they  become 
red  hot,  the  carbonaceous  matter  which  caufes 
the  blacknefs  is  burnt  out.  Being  withdrawn 
from  the  fire  and  cooled,  they  are  broken  down 
into  fmall  fragments,  and  fpread  over  the  floor 
of  the  chamber.  In  this  Hate  they  are  expofed 
to  the  vapour  of  fulphuric  acid,  from  the  corn- 
bullion  of  fulphur  and  nitre,  and  in  a few  days 
the  pieces  are  obferved  to  crack  and  open,  and 
to  be  penetrated  with  {lender  faline  cryftals. 
The  earth  being  at  length  covered  with  efflo- 
refcences,  it  is  removed  from  the  chamber  and 
expofed  to  the  air,  under  Ihelter  of  a fhed,  that 
the  acid  may  be  compleatly  oxygenated  and  be- 
come thoroughly  united  with  the  earth.  It  is 
now,  lixiviated,  and  the  liquor  contains  in  fo- 
lution  little  elfe  than  acidulous  fulphat  of  alu- 
mine : this  being  boiled  down  to  the  proper 
confidence,  a folution  of  acid  fulphat  of  potalh 
(being  the  refidue  in  the  pots  of  combudion, 
from  which  the  fulphuric  acid  was  produced  in 
the  chamber,  and  confiding  of  the  alkaline  bafe 
of  the  nitre,  combined  with  fome  of  the  ful- 
phuric acid)  is  poured  in  : and  the  liquor  being 
then  transferred  into  a large  vat,  perfect  crydals 
of  alum  are  depofited,  which  are  afterwards 
refined  in  the  ufual  manner. 

The  advantages  of  this  procefs  are  numerous. 
It  may  be  carried  on  wherever  a proper  fupply 
of  clay  can  be  had.  The  fpace  taken  up  by  the 
works  is  much  lefs  extenfive  than  what  is  re- 
quired according  to  the  common  methods.  The 
whole  manufacture  is  performed  in  at  mod  one 
third  of  the  time  ufually  necefiary.  A large 
quantity  of  fuel  is  faved ; the  extraneous  falts 
in  the  mother  water  are  fewer;  an  important 
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ufe  is  made  of  the  refidual  fulphat  of  potalh; 
and  ladly,  the  alum  itfelf  is  much  purer  than 
ufual,  and  almod  equally  well  adapted  to  fix 
the  delicate  dyes  as  that  of  La  Tolfa,  the  com- 
mercial price  of  which  is  generally  about  double 
that  of  the  Englilh  alum. 

Common  alum,  in  whatever  way  it  is  pre- 
pared, is  a fait  of  a fweetifh  acidulous  tade,  and 
extremely  adringent.  Its  perfect  crydalline 
form  is  that  of  a regular  odlahedron,  compofed 
of  two  fourfided  pyramids,  joined  bafe  to  bafe  r 
when  crydallized  on  a flat  furface,  however,  it 
more  ufually  exhibits  only  fourfided  pyramids. 
It  is  not  very  foluble  in  cold  water,  but  readily 
fo  in  hot.  At  1440  Fah.  Roman  alum  requires 
fourteen  times  its  weight  of  water  for  folution  ; 
frefh  crydallized  alum,  holding  as  much  water 
of  crydallizaticn  as  pollible,  requires  thirteen 
parts  ; and  Englilh  alum  requires  fifteen  parts  ;° 
but,  at  a boiiing  temperature,  alum  wrill  diflolve 
in  lefs  than  its  own  weight  of  water.  In  a dry 
atmofphere,  this  fait  becomes  flightly  effloref- 
cent ; when  expofed  to  a moderate  heat  it  melts, 
foams,  and,  as  the  water  of  crydallization 
evaporates,  becomes  of  an  opaque  white,  form- 
ing a fpungy  mafs  called  burnt  alum.  In  this 
date  it  is  dill  foluble  in  water,  with  the  ex- 
ception of  a fmall  earthy  refidue.  By  expofure 
to  a full  red  heat,  a fmall  proportion  of  fulphuric 
acid  is  driven  off,  and  the  remainder  is  infoluble 
in  water. 

Alum  is  decompofable  by  being  heated  with 
carbonaceous  matter,  the  refult  being  fulphuret 
of  potafli  with  alumine,  which  pofleffes  the 
property  of  fpontaneoufly  igniting  when  ex- 
pofed to  a moid  air,  (fee  Pyrophorus.) 

Alum  is  alfo  in  part  decompofable  by  the 
alkalies  and  alkaline  earths,  which  abdradh  a 
portion  of  its  acid,  and  occafion  a precipitate 
of  alumine,  combined  with  potalh  and  a little 
fulphuric  acid.  A fimilar  effedb  is  produced  by 
iron,  zinc,  copper,  and  a few  other  metals. 

Alum  is  alfo  decompofable  by  vegetable  fibre, 
and  both  vegetable  and  animal  colouring  mat- 
ter, which  it  will  precipitate  from  their  folu- 
tions  in  water,  leaving  this  fluid  wholly  colour- 
lefs. 

The  ufes  of  alum  are  various  and  important. 
It  is  an  article  of  the  Materia  Medica  ; it  is  a 
necefiary  ingredient  in  mod  kinds  of  pigments 
and  lake-colours,  and  in  the  various  procefles  of 
dying.  All  leather  that  is  not  tanned  or  dreffed 
with  oil  is  prepared  for  ufe  by  means  of  alum. 
It  is  ufed  by  candle-makers  to  harden  their  tal- 
low and  render  it  white ; and  an  unauthorized 
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ufe  is  occafionally  made  of  it  by  bakers  in  the 
preparation  of  the  fineft  white  bread. 

ALUM,  Native.  Of  this  mineral  there  are 
two  varieties. 

Var.  i.  Plume  Alum,  Alumen  Plumofuni , 
Werner.  Feder  Alaun,  Germ.  Alun  de  Plume, 
Fr. 

The  colour  of  this  fubftance  is  yellowifli  or 
greyifh  white ; it  confifts  of  {lender  irregular 
hair-fhaped  fibres,  either  fingle  or  accumulated, 
and  flightly  adherent  to  each  other.  It  is  ufually 
opaque,  but  fometimes  tranfparent,  and  then 
pofiefles  a fmall  degree  of  lullre.  It  excites  on 
the  tongue  a fweetilh  acerb  tafte,  like  common 
alum. 

It  is  found  efflorefcing  on  bituminous  fchiftus 
at  Gottw'ig,  in  Auftria ; on  grey  argillite  in 
Carinthia  j in  clefts  and  caverns  on  Stromboli, 
the  Solfatara,  the  grotto  of  San  Germano, 
Mifeno,  and  other  places  in  Italy. 

The  native  alum  of  Mifeno  has  been  analyfed 
by  Klaproth,  * who  found  that  one  hundred 
parts  yielded,  by  fimple  folution  and  cryftalli- 
zation,  forty-feven  of  perfeft  alum,  and  twenty- 
nine  more  by  the  addition  of  a little  potafh,  the 
remainder  being  fand,  with  a fmall  quantity  of 
felenite  and  a flight  trace  of  oxyd  of  iron. 

Var.  2.  Mountain  Butter.  Alumen  Buty - 
racetnn , Werner.  Bergbutter , Germ. 

This  differs  from  the  preceding  variety  in 
being  of  a darker  colour,  and  forming  clots  or 
lumps  on  the  furface  of  aluminous  fchiftus.  At 
firft  it  is  very  foft,  with  a waxy  luftre  and  unc- 
tuous feel,  but  by  expofure  to  the  air  it  becomes 
harder  and  fomewbat  crumbly.  Its  tafte  re- 
fembles  that  of  var.  x. 

It  occurs  in  many  places  where  aluminous 
fchiftus  is  plentiful,  and  in  a ftate  of  decom- 
pofition,  as  at  Mulkaw,  in  Upper  Lufatia.  It 
has  not  yet  been  analyfed,  but  probably  differs 
from  the  preceding  in  containing  a larger  pro- 
portion of  alumine  and  iron. 

ALUM  SLATE,  fee  Alaunschiefer. 

ALUMINE.  Alaunerde  ; Reine  Thonerde.  G. 
This  term  has  been  adopted  in  modern  nomen- 
clature, to  fignify  the  earthy  bafis  of  alum,  or 
pure  clay.  This  earth  is  one  of  the  moft  ex- 
tenfively  diffufed  in  nature,  its  properties  (at  leaft 
the  moft  important  of  them)  have  been  familiar 
to  mankind  from  the  earlieft  antiquity,  and  on 
every  account  it  requires  particular  attention. 

Alumine  is  no  where  found  native  in  a ftate 
of  purity,  and  it  is  a little  remarkable  that  in  all 
the  natural  clays,  in  which  fume  of  its  charac- 
ieriftic  properties  are  the  moft  confpicuous,  it 
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never  forms  even  half  the  compofition,  and 
generally  no  more  than  a third  or  a fourth  j and 
on  the  other  hand,  it  is  found  nearly  uncom- 
bined in  the  hardeft  gems,  and  the  corundum  j 
minerals  in  which  its  exiftence  was  for  ages  un- 
fufpe&ed,  till  the  experiments  of  tire  illultrious 
Bergman,  and  where  it  exhibits  properties 
widely  different  from  thofe  of  clay.  The  term 
Alumine  therefore  is  well  clrofen,  both  as  it 
fuggefts  the  moft  important  faline  combination 
of  this  earth,  and  as  it  prevents  thofe  erroneous 
ideas  of  its  properties  which  might  attach  to 
the  antient  term  clay. 

We  {hall  refer  to  the  article  Cl  At  (meaning 
by  this  appellation  the  natural  earthy  compounds 
polfeffed  of  plafticity,  and  employed  in  the 
feveral  manufactories  of.  pottery,  porcelain, 
bricks,  &c.)  the  leading  mineralogical  and  tech- 
nical deferiptions  relating  to  this  earth,  and  (hall 
here  only  deferibe  the  chemical  properties  of 
pure  alumine. 

Alumine  when  pure,  is  white,  and  without 
tafte  or  fmell.  The  natural  clays  indeed,  and 
the  other  earths  that  contain  much  alumine, 
have  a peculiar  earthy  fmell  when  breathed 
upon,  which  is  a teft  of  fome  ufe  in  mineralogy, 
but  this  appears  to  be  owing  to  the  combination 
of  clay  with  the  oxyd  of  iron,  and  certainly 
does  not  belong  to  pure  alumine.  This  earth 
is  incapable  of  artificial  cryftaliization,  nor  is  it 
like  filex,  found  native  in  a ftate  of  abfolute 
purity  and  cryftallized.  However,  in  one  or 
two  varieties  of  the  corundum  gems,  alumine 
forms  by  far  the  greater  part  of  their  com- 
pofition, and  thus  civcumftanced,  this  earth  is 
regularly  cryftallized  and  intenfely  hard.  A 
peculiar  difficulty  lies  in  the  way  of  afeertaining 
the  true  fpecific  gravity  of  this  earth,  which  we 
{hall  notice  when  we  have  mentioned  the  eflecl 
of  heat  and  water : in  the  gems  it  is  confider- 
able,  being  from  about  3.99  to  4.28. 

Alumine,  either  as  it  exifts  in  the  natural 
clays  or  when  prepared  pure  by  art,  till  it  has 
been  expofed  to  a red  heat,  unites  readily  with 
water  into  a very  tenacious  undtuous-feeling 
mafs,  which  differs  from  all  other  wetted  earths 
in  being  fo  plaftic  that  it  may  be  turned  on  a 
wheel,  or  moulded  into  any  form.  On  adding 
more  water  it  becomes  gradually  and  equally 
difFufed,  making  the  liquor  uniformly  milky,  and 
remaining  very  long  fufpended  before  it  fubfides. 
It  is  not  however  in  any  degree  folublc  in  this 
fluid.  Plaftic  clay  retains  water  in  greater 
quantity,  and  for  a longer  time  than  any  other 
earth ; on  drying,  if  heated  very  gradually,  it 

Efs.  p.  206. 

G 2 


ALU 


ALU 


( 52  ) 


fhrinks  in  every  dire&ion,  and  at  laft  cracks 
into  a number  of  pieces,  and  returns  to  its  ori- 
ginal Hate.  When  thus  dried  at  a moderate 
heat,  it  is  foft,  greafy,  brittle,  and  crumbly ; 
when  rubbed,  it  takes  a good  polifh,  and  remains 
equally  plaftic  as  before,  on  the  addition  of 
frefh  water.  But  if  it  is  dried  at  a full  red 
heat,  it  becomes  extremely  hard,  fo  as  to  ftrike 
fire  with  fteel,  is  harfh  to  the  touch,  and  now 
no  longer  mifcible  with  water  into  a plaftic 
mafs,  nor  does  it  abforb  any  fenfible  quantity 
of  this  fluid.  Its  original  properties  however 
are  regained  on  folution  in  an  acid,  and  pre- 
cipitation by  an  alkali,  or  vice  verfa. 

Alumine  in  many  inftances  gives  its  charac- 
teriftic  properties  with  refpedt  to  union  with 
water,  to  a very  large  proportion  of  any  other 
earth  with  which  it  is  mixed.  In  the  natural 
clays  as  we  have  mentioned,  it  never  forms  quite 
half  the  mixture.  The  very  pure  aluminous 
earth  of  Schemnitz,  according  to  Klaproth,3 
contains  only  45  per  cent,  of  alumine,  and  in 
the  beft  porcelain  clays  the  alumine  is  feldom 
more  than  from  25  to  30. 

■ The  adtion  of  heat  on  moiftened  alumine  is 
very  ftriking.  The  firft  effedl:  is  to  expel  mod  of 
the  large  quantity  of  water  which  it  has  abforbed 
in  becoming  plaftic.  The  greater  portion  of  this 
fluid  is  expelled  at  a very  low  red  heat,  or  at  the 
point  at  which  the  earth  affumes  that  entire  al- 
teration in  its  texture  as  to  lofe  the  power  of 
again  uniting  with  the  water  which  it  has  loft. 
In  confequence  of  this  it  fhrinks  in  every  di- 
menfion.  But  the  lofs  of  weight  and,  diminu- 
tion of  bulk  do  not  flop  here,  for  they  both 
continue  (the  former  in  a diminiftiing  ratio,  the 
latter  tolerably  uniformly)  up  to  as  intenfe  a heat 
as  has  ever  been  produced  in  furnaces.  Hence 
it  is  that  clay  by  its  contraction  affords  as  certain 
an  indication  of  increafe  of  heat  as  all  other 
bodies  do  by  their  expanfion : not  that  this  earth 
however,  is  incapable  of  expanfion  by  heat ; 
for,  like  every  other  fubftance  in  nature,  alu- 
mine does  indeed  dilate  when  heated,  and  con- 
trail when  cooled  •,  but  this  is  only  obxerveable 
when  the  heat  applied  is  not  more  than  the 
higheft  to  which  it  has  been  expofed  fmce  its 
plaftic  ftate  : above  this  point  the  contraction 
peculiar  to  this  earth  (produced  either  by  an 
actual  lofs  of  water  or  a different  arrangement 
of  its  component  particles)  begins  again  to  ope- 
rate, and  the  extreme  limit  of  its  fhrinking  has 
never  yet  been  precifely  determined.  A late 
eminent  fcientific  manufacturer,  Mr.  Wedge- 
wood,  very  ingenioufly  applied  this  property  of 
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clay  to  the  conftruClion  of  a thermometer  for 
meafuring  the  more  intenfe  degrees  of  heat, 
where  the  common  inftruments  were  inappli- 
cable ; but  feveral  circumftances  appear  to  (hew 
that,  though  a valuable  inftrument,  it  is  not 
fufceptible  of  that  degree  of  accuracy,  which 
has  been  often  attributed  to  it.  (See  Pyro- 
meter). 

Several  experiments  on  the  contraction 
of  pure  alumine  by  heat  are  related  by  M. 
Theodore  de  Sauflure,5  (the  fon  of  a moft 
illuftrious  father)  which  bear  fuch  internal 
marks  of  accuracy  as  at  leaft  to  require  attention, 
if  not  to  enfure  conviction. 

M.  Sauflure  obferves,  that  when  alumine  is 
precipitated  from  alum  by  ammonia  or  by  car- 
bonated ammonia,  it  is  capable  of  exifting  in 
two  forms,  according  to  the  manner  in  which 
the  folution  of  alum  was  made ; if  no  more 
water  was  ufed  than  neceffary  to  diflolve  this 
fait,  the  precipitated  earth  when  dried  at  about 
8o°  is  a white,  friable,  light,  very  fpongy  earth, - 
flicking  to  the  tongue,,  which  the  author  calls 
fpongy  alumine.  But  on  the  other  hand,  if  the’ 
alum  is  diffolved  in  a very  large  quantity  of 
water,  the  precipitate  dried  at  the  fame  mode- 
rate warmth,  will  be  tranfparent,  yellow,  brittle, 
cracking  in  the  heat  of  the  hand,  like  rolls  of 
fulphur,  with  a fmooth  conchoidal  fraClure, 
not  appearing  like  an  earth,  not  adhering  to  the 
tongue*  and  not  again  mifcible'  with  water.  This 
the  author  terms  gelatinous  alumine.  At  the 
above  temperature  of  about  8o°  both  fpecies 
contain  an  equal  quantity  of  water,  though  the 
fpongy  occupies  ten  or  twelve  times  the  bulk 
of  the  gelatinous.  But  at  a higher  heat  they 
differ  much  in  the  power  of  retaining  water. 
The  fpongy  alumine  lofes  at  a full  red  heat, 
rather  lefs  than  is  fuffieient  to  melt  filver,  all 
the  water  which  it  had  abforbed,  amounting  to 
58  per  cent;  fo  that  100  parts  dried  at  8o°  are 
hereby  reduced  to  42,  and  lofe  no  further 
weight  by  the  higheft  intenfity  of  heat:  that  can 
be  given.  But  the  gelatinous  alumine  dried  at 
8o°  is  faid  by  M.  Sauflure  to  lofe  only  43  per 
cent,  of  its  weight  at  a filver-melting  heat, 
48i  at  a heat  of  130  of  Wedgewood  (or  fuffi- 
cient  to  melt  caft-iron)  and  appears  never  at  any 
higher  heat  to  alter  further  in  its  weight. 

The  author  gives  in  the  following  table  the 
progrefs  of  the  lofs  of  weight  (which  it  muft  be 
obfervcd  he  only  attributes  to  the  volatilization 
of  water)  experienced  by  ioo  parts  of  gelatinous 
alumine  in  powder,  firft  dried  at  about  8o° 
Fahr.  and  afterwards  expofed  to  different  tenr- 
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pmtutes,  and  accurately  weighed  after  each 
experiment. 

One  hundred  parts  of  the  above  alumine. 


Fahr. 

V/ater. 

at  144 

Iofe 

12.2 

257 

— 

19. 

369 

— •- 

23-7 

482 

Wedgeuuood. 

— — — 

27.2 

13 

— - 

42.3 

29 

— 

45 

85 

— 

46 

106 

— - 

47-5 

r33 

— 

48.25 

170 

— 

48.25 

On  this  table  the  author  makes  the  very 
fenfible  remark  that  the  contraction  of  clay 
(in  the  higher  heats  at  lead)  cannot  be  exclu- 
sively owing  to  the  lofs  of  water,  or  to  any  lofs 
fenfible  to  the  balance,  fince  the  diminution 
in  weight  from  the  thirteenth  degree  of  Wedge- 
wood  to  the  higheft  intenfity  of  heat  is  very 
trifling,  whereas  the  contraction  in  the  bulk  of 
the  clay,  within  thefe  terms,  is  more  than  a 
fourth  of  its  bulk. 

Pure  alumine  is  infullble  In  any  heat  that 
furnaces  can  procure,  if  not  in  contaCt  with  an 
alkali,  or  with  any  other  earth  which  may 
operate  as  a flux.  However,  when  expofed  to 
oxygen  gas  from  the  blow-pipe,  fupported  on  a 
piece  of  charcoal,  both  Ehrman  and  Lavoifier 
found  it  converted  into  a milk  white  globule, 
imperfeCtly  fuled,  and  intenfely  hard,  l'o  as  to 
fcratch  glafs  nearly  as  the  diamond.  Some  doubt 
however  arifes,  whether  the  alumine  might  not 
ftill  contain  a minute  portion  of  potafh,  as  it 
was  prepared  by  precipitation  from  alum  ; the 
difficulty  of  procuring  perfectly  pure  alumine  in 
this  method  being  very  great,  as  we  fhall  pre- 
fently  mention.  Befides,  as  all  charcoal  contains 
fome  alkali,  this  might  have  affifted  in  the 
fufion,  fo  that  it  is  ftill  doubtful  whether  pure 
alumine  be  capable  of  melting  without  addition, 
by  any  known  heat.  The  other  earths  promote 
the  fufibility  of  alumine  when  mixed  with  it. 
Gerhard  found  this  earth  fufible  in  a chalk  cru- 
cible, but  not  in  one  of  clay  •,  Klaproth  found 
lime  to  melt  in  a clay  crucible,  and  not  in  one 
of  chalk ; but  it  is  certain  that  alumine  is  one 
of  the  moft  refraCtory  in  the  fire  of  all  bodies  in 
nature,  and  hence  its  ufe  in  its  natural  clayey 
mixtures  in  forming  crucibles,  furnaces,  and 
vefiels  for  refilling  fire,  and  containing  other 
bodies  to  be  expofed  to  heat. 

* Chenevix. 


Fufed  with  alkalies  it  does  not  run  into  a 
clear  glafs  like  the  other  earths,  but  forms  an 
opake,  puffy,  white,  femivitrefcent,  pally  enamel. 
So  Klaproth  found  the  corundum,  in  which  the 
alumine  is  about  84  per  cent,  fufe  with  its  own 
weight  of  carbonated  foda  in  an  intenfe  heat, 
into  an  opalefcent,  greenilh  white  hard  glafs. 
(For  further  particulars  on  the  vitrification  of 
earthy  mixtures  fee  the  article  Glass.) 

Alumine  is  foluble  in  moft  of  the  acids,  with 
more  or  lefs  facility,  and  without  ejfervefcence% 
unlefs  newly  precipitated  from  a folution,  and 
ftill  retaining  a portion  of  carbonated  alkali, 
which  it  does  with  confiderable  force. 

For  a complete  folution,  the  affiftance  of  heat 
is  generally  required,  unlefs  it  be  effefled  by 
double  decompofition,  as  where  acetited  alu- 
mine is  formed  by  adding  acetited  lead  to  alum. 
This  earth  is  much  more  foluble  when  in  its 
plaftic  Hate  than  after  it  has  been  heated,  and 
moft  of  all,  immediately  after  precipitation  from 
its  folution,  either  in  an  alkali  or  an  acid.  The 
particular  falts  are  defcribed  under  the  article 
Alum , and  the  refpe£tive  acids. 

Alumine  dilfolves  with  eafe  in  the  pure  fixed 
alkalies,  and  even  in  ammonia  if  newly  precipi- 
tated. If  alumine  in  this  fine  Hate  of  divifion 
be  put  into  three  or  four  times  its  weight  of  a 
folution  of  potafh,  and  heat  applied,  it  dilfolves 
like  wax  in  oil,  and  by  flow  evaporation  dries 
into  rhomboidal  pieces.  Even  the  hardefl  alu- 
minous ftones,  fuch  as  the  Corttndum,  yield 
to  fufion  with  alkali  with  particular  manage- 
ment. This  folution  lets  fall  the  alumine  when 
faturated  with  any  acid,  an  excefs  of  which  re- 
diffolves  the  precipitate.  Muriated  ammonia 
alfo  feparates  the  earth  from  the  alkaline  folution 
by  complicated  affinity,  the  potafh  uniting  with 
the  muriatic  acid,  and  the  ammonia  thus  ex- 
pelled determining  the  precipitation  of  the  alu- 
mine, which  when  properly  edulcorated  and 
dried  is  now  perfectly  pure.  c 

The  affinity  which  the  earths  exercife  for 
each  other  is  a fubje£l  of  the  higheft  importance 
in  chemical  experiment,  as  it  affe£ls  the  refult 
of  the  analyfis  of  almoft  every  mineral  which 
has  been  hitherto  examined ; and  late  obfer- 
vations  have  thrown  fo  much  light  on  this 
queftion  as  (on  fome  accounts  unfortunately)  to 
render  unfatisfa£lory  the  labours  of  many  emi- 
nent and  excellent  chemifts,  whofe  names  have 
long  carried  with  them  the  higheft  authority. 
We  fhall  therefore  compare  the  charadleriftic 
properties,  and  give  the  proofs  of  affinity  of 
alumine  with  each  of  the  other  earths  feparately, 
Ph.Tr.  1803. 
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to  afiill  the  reader  in  the  arduous  talk  of  chemi- 
caj  analyfis. 

In  many  circumftances  alumine  refembles 
filex  fo  ftrongly  as  to  have  been  frequently  mif- 
taken  for  it : in  hardnefs,  the  aluminous  gems 
furpafs  even  that  of  rock  cryflal -,  both  earths 
are  foluble  in  fixed  alkali,  precipitable  thence  by 
an  acid,  refoluble  in  a flight  excefs  of  acid  •,  and 
when  in  ftrong  aggregation,  the  aluminous 
earth  refills  the  folvent  power  of  acids  as  com- 
pletely as  the  filiceous.  The  moll  confpicuous 
difference  between  them  as  they  occur  in  analyfis 
is  the  following.  Silex  when  rediffolved  by 
excefs  of  acid  (the  muriatic  for  example)  after 
being  firft  precipitated  by  it  from  its  alkaline 
folution,  is  entirely  again  leparated  by  the  appli- 
cation of  heat,  and  by  evaporation  nearly  to 
drynefs,  and  then  the  earth  remains  infoluble  on 
any  future  application  of  acid.  Alumine,  on  the 
other  hand,  though  the  folution  has  been  eva- 
porated to  drynefs  (if  not  otherwife  decompofed 
by  heat),  remains  again  foluble  on  affufing  frefli 
acid,  and  thus  may  be  completely  leparated 
from  the  filex.  To  illultrate  this,  take  two 
portions  of  a folution  of  filex  in  potalh,  the  one 
concentrated,  the  other  largely  diluted ; add  to 
each  an  acid  more  than  fufficient  to  faturate 
the  alkali ; in  the  former  folution,  much  of  the 
earth  will  be  vifibly  precipitated,  and  again  re- 
diffolved in  the  excefs  of  acid •,  in  the  latter, 
becaufe  dilute,  the  fame  change  will  take  place, 
but  no  turbidnefs  will  be  vifibie.  Then  evapo- 
rate the  folutions  nearly  to  drynefs,  and  a puffy 
coagulum  will  be  formed  in  both  cafes,  which 
is  the  filex,  now  no  longer  foluble,  and  is  left 
in  a Hate  of  purity,  after  due  wafhing,  in  the 
form  of  a fine  cryllalline  fand. 

Perform  the  fame  procefs  to  alumine  diffolved 
in  potalh,  and  after  evaporation  of  the  muriatic 
acid,  pour  on  the  earth  forne  dilute  fulphuric 
acid,  boil  for  a Ihort  time,  and  a fulphat  of  alu- 
mine will  be  formed,  which,  on  the  addition  of 
a little  potafh,  or  fulphat  of  potalh,  or  acetite 
of  potalh,  or  any  other  fait  containing  this  alkali, 
will  give  numerous  cryltals,  which  may  eafily 
be  recognifed  for  alum. 

In  another  method  the  two  earths  may  often 
be  conveniently  diltinguilhed.  Silex  fufed  with 
as  little  as  half  its  weight  of  dry  carbonated 
foda,  either  in  a crucible  or  before  the  blow- 
pipe, effervefces  ftrongly,  and  at  laft  forms  a 
perfect  tranfparent  glafs. 

Alumine  on  the  contrary  does  not  froth, 
unites  with  the  alkali  v/ith  greater  difficulty,  and 
forms  only  an  opake,  half-fufed,  whitilh  enamel. 

a Klaproth,  An.  Efl'ays,  p.  68. 


By  the  above  methods  thefe  two  earths  may 
be  diltinguilhed-,  the  following  faCls  fhew  their 
affinity,  and  will  ferve  to  warn  the  analytical 
chemift  of  the  occafional  difficulty  of  complete 
feparation  of  the  two.  Klaproth  found  on 
analyfing  the  Bengal  corundum,  that  proceeding 
in  the  ufual  method  of  fufing  with  potalh, 
diffolving  the  mafs  in  muriatic  acid,  and  evapo- 
ration, the  filex  was  fo  ftrongly  united  with 
the  large  proportion  of  alumine  as  not  to  be 
precipitated  in  a gelatinous  form  by  evaporation 
of  the  muriatic  folution,  as  filex  generally  is, 
but  remained  in  union  with  it  till  the  alumine 
was  prepared  by  folution  in  fulphuric  acid  and 
evaporation,  for  yielding  alum  in  cryftals.  The 
filex  then  at  laft  was  feparated,  and  affumed 
the  gelatinous  confidence  peculiar  to  it  under 
fuch  a precipitation,  and  Klaproth  further 
obferved  the  coagulated  filex  in  a Ihort  time  to 
break  into  feveral  feparate  unconnected  figures 
in  the  lhape  of  longiih  pyramids.  When 
filicited  potalh  is  mixed  with  aluminized  potafh, 
the  union  contracted  between  the  two  earths  is 
fo  great  as  for  a time  equally  to  refill  entire 
feparation  by  the  common  re-agents,  as  the 
fame  excellent  chemift  has  alfo  remarked. a 

When  once  coagulated  to  a jelly,  if  diluted 
with  water  and  heated,  the  filex  appears  in 
purity  as  a white  incohefive  granular  powder. 

Mr.  Chenevix  b alfo  brings  as  a proof  of  the 
affinity  of  filex  and  alumine,  that  when  fufing 
the  mixture  with  potalh,  if  the  filex  much  pre- 
dominates, a light  flocculent  filiceous  earth  ap- 
pears, which  is  infoluble  in  muriatic  acid ; but 
if  alumine  much  prevails,  no  fuch  precipitate  is 
found. 

Magnefia  is  found  to  exercife  even  a greater 
affinity  for  alumine  than  filex,  and  hence  it  has 
long  been  a difficult  problem  in  analyfis  to  find 
a Ample  method  of  entirely  feparating  them. 
We  owe  to  Mr.  Chenevix  fome  very  curious 
faCls  on  this  fubjeCt,  introduced  in  his  analyfis 
of  fome  of  the  magnefian  earths,  and  firft  pub- 
lilhed  in  the  volume  of  Annales  de  Chimie 
above  quoted.  Magnefia,  when  unacompanied 
by  any  other  earth,  and  diffolved  in  an  acid, 
is  well  known  to  be  only  partially  precipitated 
by  ammonia,  however  in  excefs,  the  remaining 
liquor  being  a foluble  ammoniaco-magnefian 
fait:  but  if  both  alumine  and  magnefia  are 
difl'olved  in  the  fame  acid,  the  firft  effeCl  of 
ammonia  is  to  precipitate  entirely  the  alumine, 
and  in  intimate  combination  with  it,  a larger 
portion  of  magnefia  than  the  ammonia  would 
feparate  in  the  former  cafe ; and  it  is  only  till 

* An.  Chim.  tom.  28.  p 203. 
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the  alumine  has  carried  down  with  it  what  may 
be  confidered  as  its  faturating  dofe  of  magnefia, 
that  a further  addition  of  ammonia  begins  to 
form  the  ammoniaco-magnefian  fait,  if  any 
magnefia  ftill  remains  in  the  folution.  The  like 
takes  place  when  the  precipitant  is  an  alkaline 
carbonat  fully  faturated  with  carbonic  acid. 
Magnefia  when  alone,  is  firft  precipitated  by  it 
and  then  redifiolved  by  the  carbonic  acid  but 
when  in  the  lame  folution  with  alumine,  both 
earths  are  entirely  precipitated,  and  the  mag- 
nefia is  not  again  dilfolved  except  it  is  in  greater 
quantity  than  to  fatisfy  the  affinity  of  alumine. 

On  the  other  hand,  alumine,  when  alone, 
is  entirely  precipitated  from  its  acid  folutions 
by  cauftic  potalh  or  foda,  and  again  re-foluble 
by  an  excefs  of  thefe  alkalies ; but  if  accom- 
panied with  magnefia,  the  power  of  refolubility 
is  loft,  except  with  regard  to  that  portion  of 
the  alumine  which  exceeds  the  faturating  affinity 
of  magnefia. 

Mr.  Chenevix  gives  three  modes  of  feparating 
thefe  two  earths-,  firft,  by  the  malic  acid,  which, 
with  magnefia,  forms  a deliquefcent  fait,  and 
with  alumine,  one  almoft  infoluble,  fo  that 
alcohol  will  dilfolve  out  only  the  malat  of  mag- 
nefia. This  acid  when  native  is  preferved  with 
difficulty,  as  it  is  not  cryftallizable,  and  mingled 
with  a mucilage  very  apt  to  alter  in  keeping  ; 
but  it  is  formed  immediately  by  oxygenized  mu- 
riatic acid  and  fugar,  and  though  not  unmixed 
in  this  method,  the  muriatic  or  acetous  acids 
which  remain  in  the  folution,  will,  if  properly 
managed,  hardly  touch  the  alumine.  A fecond 
method  of  feparating  alumine  and  magnefia,  is 
by  fulphuretted  hydrogen  gas,  which  alfo  forms 
a foluble  hydro-fulphuret  of  magnefia,  and 
does  not  touch  the  alumine  : a third  mode  is  by 
the  pruffic  acid,  which  in  like  manner  takes 
the  magnefia,  and  leaves  the  other  ; both  thefe 
reagents  may  be  added  in  combination,  that  is, 
as  an  alkaline  fulphuret,  or  pruffiat.  The  malic 
acid  is  in  one  refpedf  a preferable  teft  to  the 
two  others,  where  there  is  iron  in  tire  mixed 
aluminous  and  magnefian  folution;  the  malat  of 
iron  being  very  foluble,  but  the  pruffiat  and  hy- 
drofulphuret  fcarcely  at  all,  fo  that  with  the 
malic  acid  the  alumine  is  left  uncombined  by 
the  firft  operation. 

M.  Vauquelin  makes  a fimilar  obfervation  to 
the  above  in  a fubfequent  paper,  on  analyfis  c 
in  general  -,  and  remarks  that  in  a mixed  acid 
folution  of  alumine,  lime,  and  magnefia,  the 
addition  of  pure  ammonia  to  feparate  the  alu- 
mine fingly  is  liable  to  error,  owing  to  the 

* An.  Ch.  tom.  30. 


affinity  above-mentioned,  which  determines 
the  precipitation  of  magnefia  (and  lime  alfo) 
along  with  the  alumine  : but  if  every  thing  is 
firft  precipitated  by  a carbonated  alkali,  the 
magnefia  and  lime  will  become  carbonated  in 
preference  to  any  union  w-ith  alumine  which 
laft  may  afterwards  be  alone  dilfolved  by  cauftic 
potalh. 

To  feparate  alumine  from  magnefia,  and  alfo 
from  lime  and  barytes,  Bergman  in  his  valuable 
memoir  on  the  earth  of  gems  recommends, 
after  feparating  the  filex  in  the  way  before  de- 
fcribed,  to  digeft  the  mixed  earths  for  an  hour 
in  fix  parts  of  cold  acetous  acid,  which,  he  fays, 
will  not  touch  the  alumine,  but  will  dilfolve  the 
other  earths.  This  is  true  to  a confiderable 
extent,  but  not  perfeftly  accurate. 

Klaproth  feparates  thefe  earths,  when  only 
thefe  are  prefent,  by  dilfolving  each  in  fulphuric 
acid,  adding  fufficient  potalh  to  convert  the 
fulphat  of  alumine  into  alum,  evaporating  to 
drynefs,  and  ftrongly  igniting  them  for  half  an 
hour,  and  afterwards  adding  water : the  fulphat 
of  magnefia  alone  will  now  be  foluble,  and  the 
alum  only  on  the  addition  of  frelh  acid. 

Lime  fhews  alfo  a certain  degree  of  affinity 
for  alumine,  though  not  fo  powerful  as  mag- 
nefia. It  is  generally  known  to  be  a teft  of 
lime  not  to  be  precipita'ole  from  its  acid  folutions 
by  ammonia;  but  Vauquelin  has  obferved  that 
this  does  not  entirely  hold  true  when  lime  and 
alumine  are  united  in  the  fame  folution,  part  of 
the  lime  being  then  precipitable  by  ammonia, 
owing  to  the  mutual  affinity  of  thefe  two  earths. 
Mr.  Chenevix  alfo  remarks,  that  when  lime  and 
alumine  are  boiled  with  potalh,  more  of  the 
lime  is  dilfolved  than  the  mer<?  water  of  the 
liquid  would  take  up  fingly ; and  as  the  alkali 
has  no  folitary  adtion  on  lime,  its  folution  in 
this  cafe  is  a proof  of  its  affinity  with  alumine. 

Therefore  the  method  ufually  adopted  in 
analyfis,  of  feparating  lime  from  the  other  earths 
(namely,  after  the  filex  is  got  rid  of,  firft  to 
precipitate  the  other  earths  and  the  iron  from 
the  acid  folution  by  ammonia,  with  a view  of 
leaving  the  lime  in  the  liquid,)  is  not  entirely 
accurate,  fince  fome  of  the  lime  will  accompany 
the  precipitate ; fo  that  it  is  a furer  way  to  pre- 
cipitate the  whole  by  a carbonated  alkali,  after 
which  the  alumine  may  be  taken  out  by  potalh 
which  will  not  touch  the  lirne  now  carbonated, 

Barytes  and  ftrontian  alfo  Ihew  an  affinity  for 
alumine.  M.  Vauquelin d boiled  together  in 
water  a mixture  of  ftrontian  and  pure  alumine, 
newly  prepared  and  ftill  moift.  Part  was  dif- 
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folved,  but  much  left  untouched.  The  folution 
would  not  cryftallize  by  cooling  as  it  does  com- 
monly, though  much  more  ftrontian  was  ufed 
than  requifite  to  faturate  the  water;  and  the 
folution  faturated  with  muriatic  acid  gave  a 
flocculent  precipitate  of  alumine.  On  the  other 
hand  the  undiffolved  mafs  was  an  intimate  mix- 
ture of  the  two  earths.  Thus  therefore  alu- 
rr.ine  renders  a large  portion  of  ftrontian  infolu- 
ble  in  water,  and  is  itfelf  partly  diflolved  in 
water  by  help  of  that  fmall  portion  of  ftrontian 
which  preferves  its  property  of  folubility.  Pro- 
bably if  the  proportion  of  the  two  earths  was 
exadtly  taken,  according  to  their  mutual  affinity, 
none  of  the  ftrontian  would  be  diflolved. 

Barytes  was  found  to  a£f  precifely  in  the 
fame  method  as  ftrontian  in  this  refpedt ; and 
the  fmaller  the  proportion  of  the  barytes,  the 
lefs  is  the  quantity  of  alumine  diflolved.  Be- 
fides,  if  hot  faturated  barytic-water  be  added 
to  liquid  muriated  alumine,  .the  mixed  earth  is 
precipitated,  and  again  rediflolved  entirely  by 
an  excefs  of  the  barytes — a very  ftriking  refeni- 
blance  to  the  .action  of  alkali. 

No  very  decifive  affinity  is  fhewn  in  analyfis 
between  alumine  and  oxyd  of  iron,  though  it 
is  fometimes  attended  with  fome  trouble  to 
feparate  them  completely.  This  is  generally 
done  by  potaffi,  which  dilfolves  the  alumine  and 
leaves  the  iron ; or  if  the  earth  {till  retains  a 
portion  of  the  metallic  oxyd,  recourfe  may  bp 
had  to  pruffiat  of  potaffi,  the  two  being  firft  dif- 
folved  in  an  acid. 

From  all  that  has  been  faid  on  the  affinities 
of  alumine,  it  may  be  imagined  how  difficult  it 
is  to  procure  this  earth  absolutely  in  a ftate  of 
purity. 

Pure  alumine  may  be  prepared  either  by  pre- 
cipitation from  alum,  or  from  the  finer  clays  or 
aluminous  earths.  Each  method  has  fome  par- 
ticular advantages,  but  in  each  fome  precautions 
muft  be  taken  to  enfure  its  efficacy. 

In  alum,  the  only  earth  is  that  which  is  in- 
tended to  be  obtained,  which  is  a conliderable 
advantage,  but  the  affinity  of  this  earth,  both 
for  fulphuric  acid  and  for  potaffi,  is  at  leaft  as 
great  as  that  which  it  ffiews  for  the  other  earths, 
and  accurate  experiments  have  ffiewn  that  a 
fingle  precipitation  from  alum  can  fcarcely  ever 
be  depended  on  to  obtain  the  earth  abfolutely 
pure.  Ammonia,  either  pure  or  carbonated,  is 
a better  precipitant  than  potaffi,  as  the  volatile 
alkali  is  completely  driven  off  by  heat.  Ber- 
thollet  found, e however,  that  alumine  precipi- 
tated from  alum,  even  by  pure  ammonia,  and 
* An.  Chim.  tom.  32. 


well  edulcorated,  ftill  contained  a fmall  portion 
of  fulphuric  acid,  as  was  proved  by  affording  a 
fulphuret  when  ftrongly  heated  with  combuf- 
tible  matter.  He  therefore  recommends,  that 
the  firft  precipitate  from  alum,  by  ammonia,  be 
rediflolved  in  nitric  acid,  purified  from  fulphuric 
acid  by  nitrated  barytes,  and  again  precipitated 
by  the  fame  alkali ; and,  after  due  edulcoration, 
dried  in  a heat  fufficient  to  expel  the  ammonia, 
whereby  the  earth  is  now  obtained  pure. 

Lampadius f gives  the  following  method, 
which  is  perhaps  the  belt  that  can  be  adopted 
for  a fingle  precipitation.  Diffolve  two  ounces 
of  alum  in  thirty-two  ounces  of  warm  water, 
add  a fmall  quantity  of  pruffiat  of  potaffi,  and 
let  it  (land  for  a day  to  feparate  the  iron,  (a  very 
proper  precaution  with  moft  kinds  of  alum) ; 
then  add  fufficient  pure  ammonia  to  precipitate 
the  greater  part  of  the  earth,  but  not  the  whole, 
by  about  a fifth  or  fixth,  by  which  means  the 
fulphat  of  potaffi  remains  in  the  mother  liquor ; 
after  which,  dry  in  a moderate  heat  to  expel 
the  water  and  ammonia  that  adhere,  and  the 
earth  will  in  general  be  very  pure. 

A more  economical  mode,  though  by  double 
precipitation,  is  the  following,  which,  if  care- 
fully followed,  will  anfwer  very  well  Diffolve 
the  alum,  as  in  the  laft  procefs,  and  feparate 
the  iron  in  the  fame  way.  Then  precipitate 
the  earth  by  carbonated  potaffi,  edulcorate  well, 
and  when  the  precipitate  has  dried  a little  into 
a cohefive  mafs,  the  filtration  may  be  affifted 
by  preffing  gently  in  a fine  cloth ; then  redif- 
folve  it,  before  it  is  quite  dry,  in  muriatic  or 
nitric  acid  ; purify  by  nitrat  or  muriat  of  barytes, 
from  fulphuric  acid,  adding  no  more  of  the 
barytic  folution  than  is  barely  neceffary ; and 
again  precipitate  the  filtered  aluminous  folution 
by -carbonated  or  pure  ammonia  3 after  which, 
waffi  and  dry  as  before. 

Alumine  may  be  alfo  obtained  pure  from  its 
folution  in  potaffi,  by  adding  muriated  ammonia, 
as  recommended  by  Mr.  Chenevix,  or  fimply 
by  any  acid  of  which  the  laft  portions  may 
be  entirely  expelled  by  heat,  if  any  ffiould  ad- 
here to  the  precipitated  earth,  fuch  as  the 
acetous  or  nitric;  or  as  M.  Vauquelin  advifes, 
by  fuperfaturating  with  muriatic  acid,  fo  as  to 
make  a clear  muriatic  folution,  and  afterwards 
precipitating  by  carbonated  ammonia. 

Alumine  is  known  to  be  free  from  fulphuric 
acid  when  a nitrated  or  muriated  folution  of  it 
mixes  uniformly  with  nitrated  or  muriated 
barytes,  without  precipitation.  It  is  free  from 
potaffi  when,  diflolved  by  fulphuric  acid  (being 
1 Handb.  zur  Cliem.  Analyfc. 
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twevioufly  ignited  to  Separate  any  ammonia),  it 
oecomes  by  evaporation  nearly  to  drynefs,  an 
undtuous-looking  mafs,  without  giving  any 
cryftals  of  alum  by  r’epofe  for  a day ; as  potalh 
or  ammonia  are  abfolutely  requifite  to  the  for- 
mation of  alum. 

Alumine  has  a ftrong  affinity  for  the  vege- 
table and  animal  oils.  Alum  in  Solution,  mixed 
with  foap-water,  curdles  it  completely,  and  the 
coagulum  is  an  intimate  union  of  this  earth 
with  the  oil  of  the  foap,  forming  a Soft  flexible 
mafs,  which,  when  dry,  remains  fupple ; is  in- 
foluble  in  alcohol,  and,  after  fufion,  becomes 
tranfparent.  g 

The  attra£fion  of  clay  of  every  kind  for  oil 
is  {hewn  in  the  valuable  cleanfing  powder  called 
Cimolite,  and  the  different  kinds  of  Fuller’s 
Earth. 

The  affinities  of  alumine  for  the  acids  are  in 
the  following  order, 11  viz.  fulphuric,  nitric,  mu- 
riatic, oxalic,  arfenic,  fluoric,  l'ebacic,  tartareous, 
Succinic,  mucous,  citric,  phofphoric,  formic, 
la&ic,  benzoic,  acetous,  boracic,  fulphureous, 
nitrous,  carbonic,  pruffic. 

AMADOU.  A combuftible  preparation, 
applied  to  the  fame  ufes  on  the  Continent  as 
tinder  is  among  us.  It  is  made  chiefly  in  Ger- 
many, whence  it  is  imported  in  large  quantities 
to  France.  The  bafis  of  the  amadou  confifts 
of  the  large  fpungy  boleti  that  are  found  on  the 
trunks  of  old  oaks,  allies,  and  various  other 
kinds  of  timber  trees.  As  foon  as  gathered, 
they  are  boiled  in  plain  water,  to  extract  all  the 
peculiar  juices  •,  this  being  done  they  are  dried, 
and  then  well  beaten  with  a wooden  mallet,  in 
order  to  render  them  foft : they  are  alfo  by  this 
means  ftretched,  fo  as  to  be  reduced  to  the 
thicknefs  of  ftrong  buff  leather.  A boiling  hot 
Solution  of  nitre  is  now  prepared,  in  which  the 
boleti  are  immerfed  for  a Short  time  ; they  are 
then  taken  out,  drained,  and  finally  dried  in  an 
oven.  Good  amadou  is  of  a yellowifh  brown 
colour  ; is  foft  to  the  touch  like  the  fineft  felt, 
perfectly  pliable,  tough,  and  Somewhat  elaftic. 
It  takes  fire  like  tinder,  by  a Spark  from  the 
collifion  of  a flint  and  Steel,  and  burns  Slowly, 
but  is  very  difficult  to  extinguish.  a 

AMALGAM,  is  a name  given  to  the  com- 
binations of  the  other  metals  with  Mercury, 
which  fee. 

AMALGAM  Native.  See  Silver,  ores  of. 

AMBER.  Bertijlein , Germ.  Succin , Carabc , 
Atnbre  Jaune,  Fr.  Electrum , Succinum,  Lat. 

M.  W erner  defcribes  two  varieties  of  amber, 


differing  from  each  other  in  colour  and  trans- 
parency, but  as  there  is  no  other  perceptible 
distinction,  we  Shall  follow  the  example  of  moll 
authors,  and  treat  of  amber  as  a Single  Species. 

The  colour  of  this  mineral  is  generally  Some 
Shade  of  yellow,  mixed  more  or  lefs  with  red- 
difh  brown  ; it  is  found  alfo  occasionally  green 
or  yellowifii  white : it  is  ufually  tranfparent  or 
femi-tranfparent,  but  when  of  a green  or  whitiffi 
Colour  it  is  nearly  opaque.  The  luftre  of  the 
cleared  kinds  is  very  confiderable ; it  is  eafily 
broken,  and  exhibits  a perfectly  conchoidal 
fraCture,  may  be  Scratched  by  a knife  with  great 
eafe,  but  cannot  be  marked  by  the  nail.  Its 
fpecific  gravity  varies  from  1.078  to  1.1.  It  is 
found  in  nodules  and  rounded  maffes,  from  the 
Size  of  coarfe  Sand  to  that  of  a man’s  head, 
pieces  of  this  latter  magnitude  are  however 
extremely  rare. 

Amber  occurs  in  detached  pieces  on  the 
Southern  coaft  of  the  Baltic,  on  the  eaftem 
Shores  of  England,  and  in  Small  quantity  upon 
thofe  of  Sicily  and  the  Adriatic  fea.  It  is 
occasionally  found  in  the  gravel  beds  near  Lon- 
don, and  near  Sifteron,  in  Provence : in  all 
thefe  Situations,  however,  it  is  merely  an  allu- 
vial produCt,  cafually  mixed  with  rounded  peb- 
bles. The  only  proper  mines  of  this  fubftance 
that  have  yet  been  discovered,  are  in  Ducal 
Pruffia,  near  the  fea  coaft ; thefe,  in  the  reign 
of  Frederic  William,  were  examined  by  Hoff- 
man, from  whofe  account  we  have  fcledted  the 
following  particulars. 

The  uppermoft  Stratum  is  fand,  underneath 
which  lies  a bed  of  clay,  fifteen  or  Sixteen  feet 
in  thicknefs  *,  to  this  Succeeds  a Stratum  of  trees, 
in  Some  places  forty  or  fifty  feet  thick,  in  a half 
decompofed  State,  impregnated  with  martial 
pyrites  and  bitumen,  and  of  a blackiSh  brown 
colour.  In  this  Stratum  are  occasionally  found 
pieces  of  wood  penetrated  by  veins  of  amber. 
The  mineralized  wood  refts  upon  a bed  of 
pyrites  and  fulphat  of  iron,  among  which  are 
not  unfrequently  found  ftalaCtites  of  amber, 
adhering  by  one  extremity  to  the  under  fide  of 
the  trunks  of  the  trees.  Beneath  the  pyrites  is 
a bed  of  coarfe  fand,  in  which  is  unbedded  the 
principal  part  of  the  amber,  in  the  form  of 
rounded  detached  nodules,  weighing  fometimes 
from  three  to  five  pounds.  The  largeft  mafs  of 
amber  that  was  ever  discovered  was  met  with 
incidentally,  near  the  Surface  of  the  ground  in 
Lithuania,  about  twelve  miles  from  the  Baltic 
fea : it  weighs  above  eighteen  pounds,  and  is 
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now  in  the  King’s  cabinet  at  Berlin.  a The 
amber-mines  are  worked  in  the  ufual  way  by 
{hafts  and  galleries  to  the  depth  of  about  a 
hundred  feet.  From  thefe  circumftances  it 
appears  fufficiently  plain  that  amber  originates 
from  vegetable  juices,  probably  of  the  terebin- 
thinate  kinds,  which  are  gradually  modified  by 
the  action  of  fulphuric  acid.  As  a proof  that 
the  change,  though  confiderable,  has  not  been 
effected  with  violence,  fpecimens  of  amber  are 
not  unfrequently  met  with,  containing  infe£ts, 
which  are  generally  fuppofed  to  be  ants,  but 
which,  according  to  Bernard  de  Juffieu,  are 
exotic  infedts,  not  natives  of  the  European  con- 
tinent. b 

When  amber  was  in  greater  requeft  as  an 
ornament  than  it  is  now,  great  attention  was 
paid  to  it  by  the  German  artifts,  and  many  ex- 
periments were  made  to  remove  its  defetfts  or 
improve  its  beauty.  The  coarfer  and  frnaller 
pieces  were  called  fchlug , and  were  principally 
employed  for  diftillation ; thofe  that  were  a 
little  larger  and  cleaner  were  made  into  varnilh, 
and  the  belt  and  largeft  pieces  were  fafhioned 
into  various  ornaments,  fuch  as  fnufF-boxes, 
cane-heads,  necklaces,  & c.  Ox  the  tranfparent 
ambers,  the  bright  golden  yellow  was  the  molt 
efteemed  ; of  the  opaque  varieties,  the  flaky  or 
the  fcaly.  Methods  were  difcovered,  efpecially 
by  Gottlieb  Samuelfson,  of  Breflaw,  of  render- 
ing opaque  amber  tranfparent,  and  of  tinging 
it  red,  blue,  green  and  white.  Moll  of  thefe 
fecrets  have  perilhed  with  their  inventors,  but 
the  two  following  were  the  general  methods  of 
rendering  amber  tranfparent.  Firft,  by  fur- 
rounding it  with  fand  in  an  iron  pot,  and 
cementing  it  in  a gentle  heat  for  forty  hours, 
fome  fmall  pieces  being  occafionally  taken  out 
to  judge  of  the  prcgrefs  of  the  operation. 
Secondly,  whiph  was  the  ufual  method,  by 
digefting  and  boiling  the  amber  for  about 
twenty  hours  in  rape-feed  oil,  by  which  it  be- 
came both  cleaner  and  harder ; amber  thus 
clarified,  however,  is  much  lefs  eleftric  than 
when  in  its  natural  Hate.  c 

Thales,  one  of  the  Greek  philofophers,  ap- 
pears to  have  been  the  firft  perfon  who  dif- 
covered that  amber  when  rubbed  had  the  pro- 
perty of  attracting  ftraws,  hairs  and  other  light 
bodies ; on  which  account  he  afcribed  a kind 
of  life  to  it.  A number  of  analogous  and  con- 
nected phenomena  have  been  added  in  modern 
times  to  this  difcovery  of  Thales,  and  the  fci- 
ence  hence  refulting  has  been  called  EleBricity, 


from  HXsxrfov,  the  Greek  name  for  amber. 
From  the  attracting  property  and  real  beauty  of 
this  mineral,  it  was  held  in  high  eftimation 
among  the  Romans,  who  made  it  into  bracelets, 
and  other  articles  of  female  ornament : thofe 
pieces  that  contained  infeCts  were  then,  as  at 
prefent,  the  moft  valued.  The  fuperior  luftre 
and  hardnefs  of  gems,  and  the  imitations  of 
them  in  glafs,  have  thrown  amber  ornaments 
entirely  into  difufe  in  Europe,  though  it  ftill 
keeps  up  its  value  in  Turkey  and  the  Eaffc. 

There  are  two  fubftances  that  are  liable  to  be 
confounded  with  amber,  namely,  Copal  and 
Honeystone  (Honigftein);  they  may  be  readily 
diftinguifhed,  however,  by  attention  to  the  fol- 
lowing properties.  Copal  is  fomewhat  fofter 
than  amber,  and  when  fet  on  fire  melts  into 
drops,  which  amber  does  not.  Honey-ftone 
pofleffes  a much  weaker  degree  of  eleftricity, 
and  when  laid  on  a hot  coal,  after  a fhort  time, 
gives  out  a fmoke  without  any  flame,  and  be- 
comes white,  without  much  fenfible  diminution 
of  fize. 

Amber,  during  pulverization,  gives  out  a 
flight  not  unpleafant  odour,  which  becomes 
much  ftronger  when  the  mafs  is  heated  or 
melted.  It  cannot  be  brought  to  a fluid  ftate 
without  a commencement  of  decompofition,  and 
the  volatilization  of  part  of  its  acid : at  a little 
higher  temperature,  if  expofed  to  the  air,  it 
takes  fire,  and  burns  with  a yellowifh  flame, 
mingled  with  blue  and  green,  exhaling  a denfe 
pungent  aromatic  fmoke ; a light  fliining  black 
coal  is  left  behind,  which  with  fome  difficulty 
is  reducible  to  allies.  The  proportion  of  refidue 
varies  confiderably:  from  half  a pound  of  amber, 
M.  Bourdelin  obtained,  in  one  inftance,  4-| 
grains  of  alhes,  and  in  another  1 2 grains.  d 

Water,  whether  cold  or  hot,  has  no  efte£I  on 
amber.  Alcohol  by  long  digeftion,  or  ftill  better 
by  repeated  diftillation  from  finely  pulverized 
amber,  diflolves  a fmall  portion,  and  becomes 
of  a deep  reddilh-brown  colour,  forming  the 
TinBure  of  Amber.  On  the  addition  of  a little 
water,  the  liquor  turns  opaque  and  milky,  and 
a refinous  matter  is  at  length  depofited.  The 
efficacy  of  alcohol  as  a folvent  of  amber  depends 
greatly  on  its  purity,  proof  fpirit  having  fcarcely 
any  a£fion  on  this  fuSftance. 

Levigated  amber,  by  flow  digeftion  with  an 
equal  weight  of  cauftic  potalli  difiolved  in  water, 
combines  into  a thick  faponaceous  mafs,  which 
is  readily  foluble  both  in  water  and  fpirit  of 
wine;  with  the  latter  it  forms  the  TinBura 


* Tiliech's  Journ.  v.xviii.  p.  93.  b Tingry  on  Varnifhes,  v.  i.  p.  30.  c 
* Mem.  del’Acad.  acs  Sciences,  1742,  p.  192. 
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fuccini  tartarizatn,  once  an  article  of  repute  in 
the  Materia  Medica.  According  to  Jacobi, e 
the  aqueous  folution  of  amber  and  potafh  de- 
pofits,  by  flow  evaporation,  needle-form  cryftals, 
of  a bitterifh  tafte. 

Neither  the  exprefled  nor  volatile  oils  have 
any  a£tion  on  amber  by  common  digeftion,  ex- 
cept this  latter  has  been  previoufly  roafted  or 
melted  : when  this  is  the  cafe  it  is  readily  foluble 
in  both  kinds  of  oil,  either  feparate  or  mixed, 
forming  the  bafe  of  the  Amber  Varnishes. 
Hoffmann  however  found,  that  if  one  part  of 
pulverized  amber  was  put  into  a glafs  veflel, 
with  two  parts  of  oil  of  almonds,  and  the  whole 
inclofed  in  a Papin’s  digefter  filled  with  water, 
the  oil  and  amber  in  a fhort  time  united  into  a 
jelly-like  mafs.  Ether  has  fome  a&ion,  though 
but  flight,  on  amber. 

Amber  is  unalterable  by  the  weaker  and 
diluted  acids.  When  heated,  however,  with 
concentrated  fulphuric  acid,  it  is  converted  into 
a dark  coloured  refinous  mafs,  at  the  lame  time 
that  a quantity  of  volatile  iulphurecus  acid  is 
difengaged.  Nitric  acid  attacks  amber  with 
great  rapidity,  accompanied  by  a very  copious 
production  of  nitrous  gas,  and  converts  it  into 
a light  pulverulent  refin,  entirely  foluble  in 
dilute  nitrous  acid.  If  pounded  amber  is  thrown 
into  melted  nitre,  a confiderable  detonation 
takes  place,  and  the  refidue  is  a greyifh  faline 
mafs,  which  when  diflolved  in  water,  and  fub- 
jected  to  fpontaneous  evaporation,  depofits  a 
foft  flimy  fubftance,  mixed  with  flender  prif- 
matic  cryftals,  confifting  probably  of  the  acid 
of  amber  combined  with  potafh.  The  experi- 
ment appears  to  have  been  firft  made  by  Bour- 
delin,  who,  becaufe  the  fait  caufed  a precipitate 
with  nitrat  of  filver,  and  emitted  a white  vapour 
with  fulphuric  acid,  fuppofed  it  to  be  muriat  of 
potafh  : if,  however,  the  nitre  which  he  ufed 
was  pure,  it  is  difficult  to  conceive  how  the 
muriatic  acid  could  exift  in  the  refidue  of  the 
procefs.  At  all  events  it  is  a point  worthy  of 
being  cleared  up. 

When  amber  is  expofed  to  dry  diftillation  in 
clofed  veflels,  it  fwells,  puffs  up,  and  difeharges 
a large  quantity  of  carbonic  acid  and  carburetted 
hydrogen : together  with  thefe  gaffes  there 
comes  over,  firft,  a colourlefs  empyreumatic 
watery  fluid,  with  a peculiar,  not  difagreeable, 
odour,  and  containing  a little  acetous  acid ; this 
is  called  fpirit  of  amber,  fpiritus  fuccini : next 
follows  a thin  clear  yellowifli  oil,  fmelling  like 
petroleum,  partly  mixed  with,  and  partly  holding 
in  folution,  a cryftalline  fait,  the  acid  of  amber, 
• A&.  Acad.  Nat.  Curiof.  v.  ii.  p.  j. 


or  fuccimc  acid : as  the  diftillation  goes  on,  the 
oil  becomes  more  coloured  and  of  a thicker  con- 
fiftence,  fo  that  towards  the  end  of  the  procefs, 
it  is  almoft  black  and  fomewhat  vifeid.  There 
remains  in  the  retort  an  intenfely  black,  fhining 
coal,  which  is  employed  as  the  bafis  of  the 
fineft  black  varnifh. 

The  oil  of  amber  is  feparated  from  the  acid 
with  which  it  is  mixed  in  the  firft  diftillation  by 
wafhing  with  warm  water,  and  may  be  further 
purified  by  fubfequent  rectification ; the  beft 
method  of  effecting  which  is  to  diftil  the  oil  by 
a very  gentle  heat,  having  previoufly  mixed  it 
with  a dilute  folution  of  carbonated  foda,  in 
order  to  detain  the  acid.  Carbonated  potafh, 
provided  it  is  perfectly  neutralized,  will  anfwer 
as  well  as  foda,  but  if  either  alkali  is  at  all 
cauftic,  the  oil  will  be  acted  upon,  and  its 
quantity  confiderably  diminifhed.  The  propor- 
tion of  oil  varies  a little,  according  to  the  purity 
of  the  amber  employed,  but  upon  the  average 
amounts,  according  to  Neuman,  to  nearly  two- 
thirds  of  the  weight  of  the  amber.  The  oil  of 
amber  is  only  ufed  medicinally  as  an  ingredient 
in  Eau  de  luce,  which  fee. 

We  fhall  conclude  this  article  with  an  ac- 
count of  the  acid  of  amber  or  Succinic  acid. 

It  has  been  already  mentioned  that  the  Suc- 
cinic acid  rifes  during  the  deftrueftive  diftillation 
of  amber,  partly  in  the  form  of  fpicular  cryftals 
which  attach  themfelves  to  the  neck  of  the  re- 
tort, and  in  part  is  diflolved  in  the  volatile  oil 
which  rifes  at  the  fame  time.  The  acid  in  this 
ftate  is  of  a dark  yellowifli  brown  colour,  being 
contaminated  by  the  oil,  and  requires  fucceffive 
rectification  before  it  can  be  obtained  tolerably 
pure.  Two  methods  have  been  pra£Iiced  of 
purifying  the  acid  : the  firft  is,  to  mix  _the 
brown  concrete  acid  with  fand,  or  ftill  better 
with  dry  unburnt  white  clay,  free  from  calca- 
reous earth,  and  proceed  to  fublimation  by  a 
very  gentle  heat  ; the  clay  detains  the  mod  part 
of  the  oil,  and  the  acid  rifes  to  the  upper  part 
of  the  veflel,  where  it  forms  light-brown  needle- 
fliaped  cryftals.  The  fecond,  and  more  econo- 
mical way,  r-ecommended  by  Pott, f is  firft  to 
wafh  the  oil  in  warm  water,  in  order  to  feparate 
the  acid  held  by  it  in  folution;  then  after  pouring 
off  the  oil  to  add  the  folid  acid,  and  heat  the 
water  till  the  whole  of  it  is  diflolved ; a filter 
of  cotton  wool  moiftened  with  oil  of  amber 
being  now  prepared,  the  hot  folution  is  run 
through  it ; the  oil  is  principally  detained  by 
the  filter,  and  the  fluid  as  it  cools  depofits  long 
flender  cryftals  of  fuccinic  acid,  which  may  be 
f Mem.  de  l’Acad.  des  Sciences,  1753. 
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rendered  ftill  purer  by  fubfequent  Solution  and 
filtration,  or  ftill  more  effectually  according  to 
Lowitz,  s by  the  following  method  ; make  a 
faturated  Solution  of  the  Solid  acid  in  hot  water, 
and  add  a quantity  of  finely  pulverized  frefh 
burnt  charcoal,  equal  to  half  the  weight  of  the 
acid  : Strain  the  Solution  through  a filter  of 
charcoal  powder,  and  as  the  liquor  cools  the 
acid  will  be  depofited  in  long,  clear,  perfectly 
colourlefs  cryftals. 

According  to  the  German  chemifts,  the  pro- 
portion of  acid  yielded  by  amber  is  about  one 
thirtieth  of  its  weight ; the  French  on  the 
other  hand,  have  not  in  general  been  able  to 
obtain  more  than  one  Sixtieth. 

Purified  Succinic  acid  is  very  acid  to  the  taffe, 
though  not  corrofive  : in  very  cold  water  it  is 
Scarcely  at  all  Soluble,  requh-ing  from  24  to  30 
times  its  weight  of  this  fluid  at  50°  Fahr.  for 
its  iolution,  of  boiling  water  however  three 
parts  are  Sufficient.  The  form  of  its  cryftals  is 
that  of  truncated  three- Sided  prifms,  or,  when 
prepared  in  the  manner  recommended  by 
Lowitz,  of  thin  four-fiaed  tables.  A gentle  heat 
is  Sufficient  to  volatilize  this  Salt ; it  rifes  in 
white  vapours  like  carbonated  ammonia.  It 
is  neither  efflorefcent  nor  deliqueScent  when 
expofed  to  the  air. 

The  baSe  of  fuccinic  acid  is  a compound 
combuftible  one  like  the  vegetable  acids  : it 
burns  when  expofed  to  the  blow-pipe,  detonates 
with  nitre,  and  when  fuccinat  of  potafh  is 
heated  in  clofe  veffels,  a large  quantity  of  car- 
buretted  hydrogen  is  given  out,  and  carbonated 
potafh  mixed  with  charcoal  is  left  behind.® 

Boiling  alcohol  diffolves  fuccinic  acid  in  the 
proportion  of  1 1 7 grains  to  an  ounce,  which  is 
almoft  wholly  depofited  as  the  liquor  grows 
cold.  If  the  impure  acid  is  diffolved  in  alcohol, 
and  fix  times  the  quantity  of  cold  water  is 
added,  the  mixture  becomes  turbid  and  milky 
from  the  Separation  of  the  oil,  and  if  in  this 
ftate  it  is  thrown  upon  a filter,  a clear  fluid 
holding  the  acid  in  Solution  paffes  through,  and 
the  oil  remains  behind  on  the  filter. 

Nitric  acid  diffolves  the  fuccinic  acid,  but 
does  not  convert  it  into  oxalic  acid,  as  was 
fuppofed  by  Weftrumb. 

Potafh  combines  readily  with  fuccinic  acid, 
forming  a neutral  Salt. 

Succinat  of  potafh,  cryftallizing  in  truncated 
trihedral  prifms,  which  are  Somewhat  deliquef- 
cent  in  the  air,  are  readily  Soluble  in  water, 
have  a bitteriffi  faline  tafte,  and  decrepitate  on 


hot  coals.  Its  acid  is  deftroyed  by  heat,  leaving 
the  alkali  in  a carbonated  ftate. 

Succinat  of  Soda  differs  from  the  former  Salt, 
in  being  permanent  in  the  air,  and  lefs  Soluble 
in  water. 

Succinat  of  ammonia  forms  needle-fhaped 
cryftals  of  a Sharp  faline  bitter  tafte  : it  may  be 
volatilized  and  Sublimed  without  decompo- 
sition. The  fixed  alkalies  difengage  the  ammo- 
nia, and  unite  with  the  acid. 

Succinic  acid  with  lime  and  barytes  forms 
Salts  of  difficult  Solution  in  water.  It  unites 
with  magnefia  into  a gummy  uncryftallizable 
mafs. 

The  affinities  of  fuccinic  acid  have  not  been 
determined  with  any  accuracy  on  account  of 
the  difficulty  of  obtaining  it  pure,  for  any  mix- 
ture of  oil  with  the  acid  will  greatly  modify  its 
action  on  other  Salts.  According  to  Morveau,*1- 
barytes  has  the  molt  powerful  attraction  for 
fuccinic  acid,  after  which  come  lime,  the  fixed 
alkalies,  ammonia,  and  magnefia. 

Gren  1 arranges  the  affinities  of  fuccinic  acid 
in  the  following  manner  : it  decompofes  in  the 
moift  way  all  the  carbonated  alkalies  and  earths. 

All  the  earthy  and  alkaline  fuccinats  are  de- 
composed by  Sulphuric  acid. 

The  alkaline  fuccinats  are  alfo  decompofed 
by  nitric,  and  muriatic,  and  fluoric  acids,  but 
nitrats,  muriats,  and  fluats  of  lime  and  barytes, 
are  decompofed  by  fuccinic  acid. 

The  boracic,  benzoic,  and  acetic  acids,  are 
inferior  in  affinity  to  the  fuccinic  acid. 

AMBERGRIS  (or  Grey  Amber , as  it  is 
Sometimes  called)  is  a grey,  brittle,  light  in- 
flammable amorphous  fubftance,  generally 
found  floating  on  the  Surface  of  the  ocean,  or 
thrown  on  fiiore  in  all  the  Southern  Seas  fre- 
quented by  the  Spermaceti  whale.  It  is  alfo 
occasionally  met  with  in  the  inteftine  of  the 
fame  animal,  which  circumftance,  along  with 
the  corroborating  teftimony  of  whale-fiffiers, 
has  very  Satisfactorily  cleared  up  all  the  doubts 
that  have  been  entertained  as  to  the  origin  of 
this  Singular  fubftance. 

Ambergris  is  Sometimes  found  in  very  large 
maffes.  The  very  accurate  and  faithful  Neu- 
mann, in  his  elaborate  hiftory  of  Ambergris, 
publiffied  in  the  Philofophical  Tranfadfions  for 
1734,  mentions  a celebrated  mafs  of  ambergris 
thrown  on  ffiore  on  the  ifland  of  Tidor,  and 
purchafcd  of  the  king  of  that  ifland  by  the 
Dutch  Eaft  India  Company  in  1693,  for  eleven, 
thoufand  dollars,  which  weighed  182  lb.  and- 


* Crells  Chcm.  Annalen.  1793.  vol.  i.  p.32.  & Orens  SyfL  Handbuch,  vol.  iii.  p.  22. 

* Joiirn.  de  Thy,  vol.  xxvi.  p.  463.  ‘ Syft.  Handbuch. 
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meafured  5 feet  8 inches  in  length,  and  2 feet 
2 inches  in  thicknefs.  It  was  long  exhibited 
at  Amfterdam,  and  at  lafl  broken  up  and  fold. 
Other  mafles  of  many  pounds  weight  have  alfo 
been  found  floating  on  the  fea.  A captain  in 
the  Southern  Whale  Fifhery,  examined  before 
the  privy  council  in  1 79 1 , •*  related  that  he 
found  362  ounces  of  this  fubftance  in  the  in- 
teftine  of  a female  whale  ftruck  off  the  coaft 
of  Guinea  •,  part  of  it  was  voided  from  the 
re£lum  on  cutting  up  the  blubber,  and  the  re- 
mainder was  collected  within  the  inteftinal 
canal.  Dr.  Swediaur  in  his  valuable  paper 
on  this  fubjedl, b alfo  relates  many  authentic 
fa£ts  to  the  fame  purpofe. 

The  whales  that  contain  ambergris  are  al- 
ways lean  and  fickly,  yield  but  very  little  oil, 
and  often  feem  almoft  torpid,  fo  that  when  a 
fpermaceti  whale  has  this  appearance,  and  does 
not  dung  on  being  harpooned,  the  fifhers  gene- 
rally expert  to  find  ambergris  within  it.  It  is 
uncertain  whether  this  fubftance  is  the  caufe 
or  effect  of  difeafe. 

Another  convincing  proof  of  the  origin  of 
ambergris  is,  that  it  generally  contains  a num- 
ber of  hard  bony  fragments  impacted  within 
it,  which  are  the  beaks  of  the  cuttle-fifh,  called 
by  the  feamen  j quids , on  which  the  whale  is 
known  to  feed,  and  which  are  always  found 
mixed  with  the  whale’s  excrements,  more  or 
lefs  broken  down  in  the  inteftinal  canal. 

The  phyfical  properties  of  ambergris  are  the 
following  : its  colour  is  afh-grey  or  brown,  and 
fomewhat  mottled  ; its  hardnefs  fufficient  to 
render  it  eafily  friable,  but  not  to  bear  a polifh 5 
when  broken  down  it  has  a foapy  feel  like 
fleatite,  and  fhews  fomewhat  of  a granulated 
texture.  It  has  fcarcely  any  tafte.  The  fmell 
of  ambergris  when  recently  taken  from  the 
whale,  is  very  ftrong  and  rather  fetid,  but  by 
keeping,  the  offenfivenefs  goes  ofF,  and  it  ac- 
quires a faint  mulky  odour.  When  heated  or 
burned  it  liquefies,  and  gives  that  peculiar  pene- 
trating fragrant  fmell  for  which  it  is  fo  much 
valued,  and  the  fame  takes  place  when  in  fo- 
lution  or  mixed  with  other  fcents  ; fo  that,  like 
mufk,  it  is  too  powerful  for  moft  organs  till 
diluted  or  diflFufed  in  the  air. 

The  fpecific  gravity  is  from  about  .844  c to 
.926,  d fo  that  it  floats  both  in  fait  and  frefh 
water. 

Several  chemifts  have  attempted  the  analyfis 
of  this  fubftance,  among  whom  are  Neumann, 
Lemery,  Hanckwitz,  and  lately  La  Grange. 

Ambergris  begins  to  melt  at  about  1450,  at 
212°  it  is  volatilized  in  the  form  of  white 


vapours ; if  burnt  in  an  open  crucible  it  leaves 
fcarcely  any  fenfible  refidue ; diftilled  in  a 
retort,  the  products  are  an  acidulous  watery 
vapour,  oil,  and  a concrete  fait,  and  a bulky 
coal  is  left  behind. 

From  the  produdtion  of  an  acid  and  the  ex- 
crementitious  nature  of  ambergris,  La  Grange 
fufpe&ed  this  acid  to  be  the  benzoic.  He  ac- 
cordingly treated  it  both  by  fublimation  and  by 
boiling  with  lime,  according  to  Scheele’s  me- 
thod of  procuring  the  acid  of  benzoin,  and 
obtained  about  a tenth  of  its  weight  of  this 
acid  fait.  Water,  hot  or  cold,  has  no  fenfible 
efFe£t  on  ambergris,  nor  does  it  extract  the 
acid,  as  it  does  partially  from  gum-benzoin. 
Acids  have  but  little  action  on  this  fubftance. 
The  nitric,  however,  when  diftilled  from  it, 
leaves  a mafs  which  dries  into  a yellow  brittle 
tranfparent  refin- 

Cauftic  potafh  forms  with  it  a fpecies  of 
foap,  but  difengages  no  ammonia.  The  oils, 
fixed  and  volatile,  difl'olve  it  without  difficulty. 

The  operation  of  alcohol  on  ambergris  is  the 
mofl;  inftruftive.  Neumann  e found  that  cold 
fpirits  diflolved  but  a fmall  portion  of  this  fub- 
ftance, but  that  it  was  entirely  foluble  in  twelve 
times  its  weight  of  tartarifed  fpirit  of  wine, 
affifted  by  a boiling  heat,  a fmall  earthy  refidue 
excepted.  On  cooling  and  evaporation  of  the 
fpirit  a febaceous  matter  feparates,  which  Lemery 
took  to  be  wax,  and  hence  this  chemift  was  led 
to  fuppofe  that  ambergris  itfelf  was  a product 
of  bees,  an  hypothefis  fully  refuted  by  more 
accurate  obfervation.  La  Grange  in  the  paper 
above  mentioned  remarks  precifely  the  fame 
effects  in  the  analyfis  by  alcohol,  and  has 
examined  them  with  more  minutenefs.  Am- 
bergris repeatedly  digefted  with  cold  alcohol, 
yields  a brownifh  tinfture,  till  every  thing 
foluble  in  this  way  is  extracted.  This  tindlure 
contains  fufficient  benzoic  acid  to  redden  litmus, 
and  evaporated  to  drynefs  leaves  a brown 
brittle  refin,  which  may  be  entirely  volatilized 
on  hot  coals,  diffufing  a very  fragrant  odour. 
The  infoluble  refidue  of  the  firft  tindfure,  being 
now  digefted  in  frefh  fpirit  and  heated  to 
boiling,  is  almoft  entirely  diflolved ; but  on 
cooling,  the  fpirit  depofits  what  it  had  taken 
up,  in  the  form  of  a light,  bulky  mafs,  which 
a little  dried,  yields  to  the  preflure  of  the  finger, 
like  curd,  foftens  by  heat,  and  has  all  the  pro- 
perties of  adipocire.  The  trifling  refidue  ftil 
left  undiffolved,  appears  to  be  a carbonaceous, 
matter. 

Ambergris  is  alfo  foluble  in  ether. 

The  following  compofition  of  ambergris  is 


* Phil.  Tranf.  Vol.  81.  fc  I’hil,  Tranf.  Vol.  73.  -*  La  Grange  An,  Ch.  Tom.  47.  d Briflon.  * Phil.  Tranf.  17.34. 
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given  by  La  Grange,  and  probably  approaches 
confiderably  to  accuracy.  One  hundred  parts 
contain 


Adipocire  - 

- - 52. 

Refin  - - 

- - 3°* 

Benzoic  acid 

- - 11. 

Carbonaceous 

refidue  5. 

98 

The  only  ufe  of  ambergris  in  this  country  is 
in  perfumery.  The  tindlure.in  alcohol,  or  effence, 
is  the  preparation  chiefly  employed.  This  is  of 
a very  brown  red  when  made  with  tartarifed 
fpirit,  but  brighter  coloured  when  of  pure  fpirit. 
A drop  or  two  is  mixed  with  a large  quantity 
of  lavender  water  in  the  {hops,  and  adds  much 
to  the  fragrance  of  its  fcent.  It  is  employed  to 
perfume  tooth-powder,  walh-balls,  hair-powder, 
&c.  It  formerly  made  an  article  of  the  Materia 
Medica,  but  it  is  now  entirely  difufed  in  mod 
parts  of  Europe,  having  but  little  efficacy  ex- 
cept in  very  large  dofes;  when  it  proves  purga- 
tive.f The  chief  mart  for  ambergris  is  Turkey, 
Perfia,  and  the  Eaft,  where  it  is  employed  in 
cookery,  medicine,  perfumery,  and  for  a pur- 
pofe  never  forgotten  by  oriental  nations,  as  an 
aphrodifiac,  though  its  virtues  in  this  particular 
are  altogether  imaginary. 

The  price  of  ambergris  is  very  high.  In 
London  it  is  retailed  at  from  twenty  to  twenty- 
four  {hillings  the  ounce,  and  hence  its  frequent 
adulteration  with  wax,  benzoin,  ladanum,  meal, 
&c.  fcented  with  mulk.  It  is  not  very  eafy 
however  to  imitate  it  accurately. 

AMETHYST,  a tranfparent  gem  of  a violet 
purple  colour,  confiderably  eftcemed  by  the 
ancients,  but  lefs  fo  by  the  moderns.  It  is 
divided  by  the  jewellers  into  two  varieties,  the 
oriental,  or  purple  Corundum,  and  the  com- 
mon, or  purple  Quartz. 

AMIANTH  or  AMIANTHUS.  SeeAsBEST. 

AMIANTHINITE  of  Kirwan,  fee  Strahl- 

STEIN. 

AMMONIA,  Volatile  Alkali.  Alkali fluch- 
tiges,  Germ.  Ammoniaque , Fr. 

The  volatile  alkali,  an  agent  of  high  impor- 
tance in  chemiftry,  is  remarkably  dillinguiffied 
from  the  other  alkalies  by  its  great  volatility 
(as  its  name  imports)  by  its  weaker  affinity 
to  acids,  by  its  powerful  fmell,  by  being  only 
known  in  the  gafeous  form  when  pure,  and  by 
being  certainly  a compound  fubftance. 

Ammonia  is  obtained  for  adtual  ufe  only 
from  vegetable  and  animal  fubllances,  more 
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efpecially  the  latter;  in  a few  inftances  that  we 
{hall  prefently  mention,  it  is  alfo  formed  by  the 
union  of  its  conftituent  parts  in  the  courfe  of 
certain  chemical  experiments.  The  diftillation 
of  animal  or  vegetable  matter  has  long  been 
known  to  furnifh  an  ammoniacal  produdl,  partly 
liquid,  partly  concrete,  and  capable  of  being 
purified  by  fubfequent  rectification,  which  has 
been  termed  fait  or  fpirit  of  hartfoorn , fpirit  of 
urine , &c.  according  to  the  fubftance  employed. 

In  all  thefe  cafes  the  volatile  alkali  is  difen- 
gagcd  in  a carbonated  ftate,  and  is  accordingly 
ftrongly  effervefcent  with  acids.  This  fubjeG: 
we  ffiall  refer  to  the  articles  Carbonat  of  Am- 
monia, and  Animal  Matter,  and  we  ffiall  here 
only  defcribe  the  properties  of  ammonia  in  its 
pure  and  cauftic  ftate,  and  the  facts  which 
prove  its  chemical  compofition.  All  thefe  faCts 
are  comparatively  modern ; Dr.  Black  firft 
pointed  out  the  difference  between  the  cauftic 
and  mild  alkalies,  and  the  refpeCtive  ftates  of 
ammonia  among  the  reft.  And  Dr.  Prieftley 
appears  to  have  been  the  firft  who  obtained 
this  alkali  in  its  pureft  form,  that  of  a gas,  and 
has  termed  it,  alkaline  air. 

Ammonia  is  thus  prepared  : take  any  quantity 
of  well-burnt  lime,  flack  it  with  a little  water, 
fo  as  to  reduce  it  to  powder,' then  mix  it  ex- 
peditioufly  with  half  its  weight  of  dry  muriated 
ammonia  in  fine  powder.  On  the  inftant  of 
mixture,  very  pungent  fuffocating  fumes  of 
volatile  alkali  will  be  difengaged  (which  {hould 
be  avoided  as  they  would  excoriate  the  noftrils) 
and  the  mixture  ffiould  be  put  into  a retort 
of  glafs  or  earth,  or  into  an  iron  or  earthen 
tube,  clofed  at  one  end,  and  clofely  fitted  with 
a ftopper,  to  which  a bent  glafs  tube  is  cemented. 
On  the  application  of  a very  moderate  heat, 
by  a lamp  or  a pan  of  charcoal,  the  ammoniacal 
gas  will  be  given  off  in  great  abundance  for  a 
confiderable  time,  and  to  be  examined  chemi- 
cally muft  be  received  in  a jar  filled  with  mer- 
cury and  Handing  over  the  fame  fluid. 

In  this  operation  the  ammonia  is  difplaced 
from  the  muriatic  acid  by  the  lime,  fo  that  after 
all  the  alkali  has  been  expelled,  muriat  of  lime 
with  a great  excefs  of  lime  remains  in  the 
retort.  This  when  duly  heated  is  phofphoric. 
(See  Phosphorus,  Baldwin's.) 

A much  fmaller  quantity  of  lime  is  fufficient 
for  the  expulfion  of  the  ammonia.  Mr.Cornette* 
found  by  diredl  experiment  that  when  equal 
parts  of  lime  and  muriated  ammonia  were  ufed, 
all  the  alkali  was  given  out  by  heat,  and  in  the 
refidue  which  contained  no  undecompofed  mu* 
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riated  ammonia,  nearly  a fifth  of  the  lime  ftill 
remained  uncombined.  On  ufing  three  times 
the  quantity  of  lime,  no  more  ammonia  was 
obtained  than  with  only  equal  parts. 

Many  other  fubftances  will  decompofe  mu- 
riated  ammonia  and  expel  the  alkali.  The 
oxyds  of  lead,  minium,  and  litharge,  aflifted  by 
heat,  may  be  ufed  with  advantage,  and  the 
refidue  is  then  muriated  lead.  Water  abforbs 
ammoniacal  gas  with  great  eafe,  but  yields  it 
again  when  heated  to  about  130°  and  hence  the 
liquid  ammonia  affords  a very  ready  method  of 
furnifhing  the  gafeous  alkali,  nothing  more 
being  neceflary  than  to  put  the  liquor  into  a 
proof  bottle  with  a curved  tube,  or  any  fimilar 
veffel,  to  heat  it  with  the  flame  of  a taper,  and 
to  colled!  the  gas  over  mercury.  No  greater 
heat  than  neceflary  fhould  be  ufed,  otherwife 
the  fleam  of  the  water  driven  over  along  with 
die  gas,  will  abforb  it  again  rapidly  on  cooling. 

Ammonia  remains  a permanent  gas  unaltered 
at  any  known  temperature  under  a red  heat. 
In  this  (late  it  is  intenfely  pungent  and  cauftic, 
excoriating  the  noftrils  when  fnuffed  up  un- 
mixed, producing  a molt  acrid  fenfation  to  the 
tongue  and  a dangerous  conftridiion  of  the 
larynx.  In  a dilute  form  it  is  gratefully  pun- 
gent and  refrefhing.  Small  animals  immerfed 
in  it  are  inftantly  killed.  The  fpecific  gravity 
of  ammonia  is  not  eafily  afeertained  with  per- 
fed!  accuracy,  owing  to  the  extreme  eafe  with 
which  this  gas  combines  with  moifture  in  large 
proportions. 

According  to  Mr.  Kirwan’s  experiments,5 
100  cubic  inches  of  this  gas  at  6i°  temperature, 
and  30  inches  barometrical  preflure,  weigh  18. 
16  grains.  The  fame  quantity  of  common  air 
he  eftimates  at  31  grains,  and  hence  the  alka- 
line air  is  lighter  than  common  air  in  the  pro- 
portion of  about  6:  10.  Therefore  as  the  fpecific 
gravity  of  common  air  (being  816  times  lighter 
than  water)  is  .0012255,  the  fpecific  gravity  of 
ammonia  is  .0007353.  Other  experiments 
nearly  agree  with  this  eftimation  of  alkaline  air. 

This  gas  has  been  commonly  reprefented  as 
remarkably  dilatable  by  heat,  much  more  fo 
than  common  air  in  fimilar  circumftances. 
This  has  been  actually  obferved  by  Prieftley, 
Guyton,  and  other  chemifts,  but  it  appears 
to  apply  only  to  this  gas  in  its  common  ftate. 
The  experiments  of  M.  du  Vernoisc  prove 
that  much  of  this  expanfion  by  heat  is  owing  to 
the  quantity  of  water  that  is  vaporized  along 
with  the  alkali,  which  quantity  being  variable, 
throws  an  equal  irregularity  on  the  refults. 

k Eflay  on  Phlogiflon.  • Encyc.  Meth.  art.  Air. 


He  attempts  however  to  give  the  following 
comparifon  as  an  approximation  to  the  truth. 
100  cubic  inches  of  common  air  at  3 2°  and  the 
fame  quantity  of  ammoniacal  gas  (procured 
from  dry  muriated  ammonia  and  lime)  alfo  at 
3 2°  are  refped!ively  expanded  at  different  tem- 
peratures in  the  following  ratio. 


common  air. 

ammon.  gas. 

at  770 

107.89 

127.91 

122° 

X25.70 

184.87 

167 

165.74 

35«-73 

212 

193.68 

680.09 

But  independently  of  the  error  arifing  from 
the  admixture  of  aqueous  vapour,  it  has  been 
fuppofed  that  even  in  the  heat  of  boiling  water, 
a fmall  portion  of  the  alkaline  gas  is  decompofed 
by  the  mercury  over  which  it  is  confined,  and 
which  is  generally  flightly  oxydated  at  the  fur- 
face,  and  we  {hall  prefently  fee  how  readily  the 
metallic  oxyds  ad!  upon  the  alkali. 

Mr.  Gay-Luflac,  in  his  valuable  experiments 
on  the  dilatation  of  gaffes  d gives  another  caufe 
of  error  in  the  experiments  on  alkaline  air.  In 
receiving  the  gas  direBly  from  the  mixture  of 
lime  and  muriated  ammonia,  he  did  indeed 
find  it  much  more  dilatable  by  heat  than  com- 
mon air,  but  on  cooling  the  gas  he  obferved  it 
to  depofit  a liquid,  with  cryftalline  points  of  a 
fait  which  he  took  to  be  either  muriat  or  car- 
bonat  of  ammonia,  all  of  which  again  difap- 
peared  on  railing  the  temperature.  To  exclude 
this  impurity  he  repeated  the  experiment  with 
ammonia  that  had  previoufiy  remained  in  con- 
tad!  with  potafli,  and  now  no  longer  gave  this 
depofition  on  cooling.  This  gas  was  now 
found  to  expand  exactly  in  the  fame  ratio  as 
common  air  by  equal  increments  of  heat  from 
the  freezing  point  to  203°. 

A high  heat  decompofes  the  alkali  as-  will 
prefently  be  feen. 

Ammoniacal  gas  extinguifbes  fire.  When 
a lighted  taper  is  plunged  into  a jar  full  of 
this  air,  it  immediately  goes  out,  but  juft  be- 
fore extindlion,  the  flame  is  enlarged  by  a kind 
of  halo  of  a pale  yellow  colour.  e The  eledfric 
fpark  taken  in  it  is  red. 

Ammonia  combines  with  extreme  rapidity 
with  water,  the  eafier  as  the  water  is  colder. 
Heat  is  given  out  at  the  fame  time.  Ice  ab- 
forbs this  gas  with  equal  facility,  and  in  fo 
doing  it  appears  to  melt  as  faft  as  if  a red  hot 
iron  were  applied  to  it.  Mr.  Davy’s  experi- 
ments on  this  fubjedt  are  ufeful,  and  bear  the 
marks  of  every  pradlicable  degree  of  accuracy. f 
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This  chemift  found  that  50  grains  of  water 
abforbed  1 7 grains  of  gafeous  ammonia  (rather 
more  than  a third  of  its  weight,  and  according 
to  the  calculation  given  above,  nearly  463  times 
its  bulk)  and  by  this  abforption  the  bulk  of  the 
liquid  was  much  increaled,  or  in  other  words 
its  fpecific  gravity  was  diminilhed.  Therefore 
the  levity  of  fuch  a folution  is  in  diretft  pro- 
portion to  its  ftrength  of  alkaline  impregnation. 

By  calculation  from  two  extreme  terms  Mr. 
Davy  gives  the  following  table  of  fpecific  gravity 
of  liquid  ammonia,  correfponding  with  the  re- 
fpedtive  quantities  of  alkali  and  water  in  the 
folution.  As  this  preparation  is  in  conftant  ufe 
we  fhall  give  the  table,  which  may  be  of  fervice 
in  afcertaining  its  ftrength,  and  regulating  the 
price  which  it  fhould  bear.  The  temperature 
is  affirmed  to  be  5 2°,  but  the  changes  in  fpecific 
gravity  from  40°  to  65°  are  not  materially  diffe- 
rent. 

100  parts  (by  weight)  of  liquid  ammonia  of 


fpec.  s;r. 

ammonia 

water. 

•9°54 

contain  25.37 

and 

74-63 

.9x66 

22.07 

— 

77-93 

•9255 

!9-54 

— 

80.46 

.9326 

I7-52 

— 

82.48 

•9385 

15.88 

— 

84.12 

•9435 

M-53 

— 

85.47 

.9476 

i3-4<5 

— 

8654 

•95 1 3 

12.40 

— 

87.60 

•9545 

11.56 

— 

88.44 

•9573 

10.82 

— 

89.18 

•9597 

10.17 

— 

89.83 

.9619 

9.60 

— 

90.40 

.9684 

9.50 

— 

9°-5 

•9639 

9°9 

— 

90.91 

'9713 

7-i7 

— 

92.83 

Liquid  ammonia  (the  aqua  ammonia  pur  a of 
the  pharmacopoeias)  is  actually  prepared  from 
the  fame  materials  in  two  ways ; in  one,  the 
liquid  itfelf  is  diftilled ; in  the  other,  the  gas 
is  received  in  water  and  there  abforbed.  The 
former  is  the  oldeft  method,  and  is  ftill  prac- 
tifed  very  largely.  It  is  the  following  flack 
two  pounds  of  well-burnt  quick  lime,  with  one 
pint  of  water;  when  thus  reduced  to  powder, 
mix  it  with  fixteen  ounces  of  muriated  am- 
monia, already  in  powder,  put  it  into  a retort, 
add  five  pints  of  cold  water,  and  lute  on  a re- 
ceiver, capable  of  being  kept  extremely  cool,  if 
poffible  furrounded  with  ice.  Then  diftil  off, 
with  a moderate  heat,  twenty  ounces  of  the 
liquid,  which  will  be  the  liquid  ammonia,  or 
Cauftic  volatile  alkali.  It  is  to  be  obferved  that 
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the  ammonia  is  fo  much  more  volatile  than 
water,  that  the  whole  of  it  comes  over  with 
the  firft  pint  or  pint  and  a quarter  of  water,  fo 
that  no  advantage  whatever  is  gained  by  con- 
tinuing the  diftillation  any  longer.  The  reft  of 
the  water  ferves  to  keep  the  refidue  fufficiently 
liquid  to  be  readily  taken  out  of  the  retort. 
Twice  as  much  lime  as  neceffary  is  employed, 
but  this  excefs  ferves  to  keep  down  any  carbonic 
acid  that  might  otherwife  rife.  The  fpecific 
gravity  of  the  liquid  thus  prepared  is  about  .93 6, 
and  contains  about  17  per  cent,  of  ammonia. £ 
The  procefs  fhould  be  conducted  flowly,  and 
the  receiver  kept  very  cool,  or  elfe  the  water 
will  again  part  with  the  alkali,  and  this  latter, 
efcaping  in  the  form  of  gas,  may  burft  the  vef- 
fels  if  tight,  or  run  to  wafte  if  open. 

The  other  method,  which  is  neater  and  pro- 
bably better  in  every  refpedf,  is  to  receive  th® 
gas  from  the  lime  and  fal  ammoniac,  in  a known 
quantity  of  water,  which  will  abforb  it  till  fatu- 
rated.  No  more  water,  therefore,  fhould  be 
added  to  the  materials  than  is  juft  fufficient  to 
flack  the  lime,  (about  half  its  weight);  and  to 
make  as  ftrong  a folution  as  can  conveniently 
be  kept  in  a fummer  heat,  as  much  water  fhould 
be  employed  to  abforb  the  ammonia  as  the 
weight  of  the  muriated  ammonia  put  into  the 
diftilling  veffel.  This  Lift,  inftead  of  a wide 
neck,  fhould  terminate  in  a bent  tube,  plunged 
to  the  bottom  of  the  water,  and  an  apparatus 
fimilar  to  that  of  Woulfe’s,  to  prevent  abforp- 
tion. If  the  receiving  bottle  is  furrounded  with 
ice,  the  retort  may  be  heated  pretty  rapidly. 

As  this  liquid  fpeedily  abforbs  carbonic  acid 
from  the  air,  it  fhould  be  kept  in  well  clofed 
bottles.  The  effedl  of  heat  upon  it  has  been 
already  mentioned  to  be  the  entire  expulfion  of 
the  ammonia  in  form  of  gas,  and  nothing  but 
pure  water  is  left. 

The  effe£t  of  cold  is  fingular.  If  cooled  very 
low  it  lofes  much  of  the  pungency  of  its  fmell 
(the  alkali  not  being  then  fo  eafily  given  off) ; 
and  at  laft  at  the  temperature  of  freezing  mer- 
bury  ( — 40),  it  begins  to  cryftallize  in  brilliant 
flexible  needles ; or  if  more  haftily  cooled  to 
this  intenfe  degree,  or  even  ftill  lower,  it  be- 
comes grey,  femitranfparent  like  glue,  or  like 
filex  in  its  gelatinous-precipitate  form,  and  with 
fcarcely  any  fcent.  h 

Many  other  liquids  will  abforb  ammoniacal 
gas.  Alcohol  does  it  with  great  eafe,  and  ap- 
pears but  little  altered  by  it. 

We  fhall  now  relate  fome  of  the  numerous 
experiments  that  inconteitibly  prove  that  am- 
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monia  is  a compound  fubftance,  which  are  both 
analytical  and  fynthetical,  this  alkali  being  de- 
composed in  a variety  of  procefles,  and  in  a 
few,  being  formed  by  direct  union  of  its  con- 
stituent parts. 

Dr.  Prieftley’s  experiments ' are  among  the 
firft  in  the  decompofition  of  this  alkali.  On 
palhng  the  electric  fpark  through  this  gas,  he 
found  it  to  be  permanently  enlarged  after  every 
(hock,  and  when  water  was  admitted,  juft  fo 
much  remained  unabforbed  as  had  been  added 
by  the  explofions.  The  air  was  now  ftrongly 
inflammable,  detonating  when  mixed  with  com- 
mon air,  as  violently  as  the  inflammable  air 
from  metals.  The  colour  of  the  ele&ric  fpark 
was  red  in  this  air,  as  in  hydrogen.  The  extent 
of  dilatation,  Dr.  Prieftley  found  to  be  about 
three  times  the  original  bulk  of  the  ammoniacal 
gas,  and  when  at  its  extreme  degree,  no  portion 
of  the  ele&rized  air  was  now  abforbed  by  water. 
He  afterwards  found  that  mere  heat  would 
produce  a Similar  eflFe£t,  though  lefs  perfe&ly, 
for  on  palling  alkaline  air  through  a red  hot 
tube,  part  of  it  was  changed  to  inflammable 
air,  and  part  went  through  unaltered.  Inflam- 
mable air,  or  hydrogen,  is  therefore  thus  proved 
to  be  one  conftituent  of  ammonia.  The  other 
is  dete&ed  by  the  following  beautiful  and  Simple 
experiment.  Having  previoufly  found  that  the 
oxyds  of  lead  were  revived  when  heated  in  in- 
flammable air,  Dr.  Prieftley  tried  the  fame  with 
ammoniacal  gas,  and  found  that  maflicot  (an  oxyd 
of  lead)  was  thereby  reduced  to  reguline  lead, 
with  a certain  diminution  of  the  air,  but  not  fo 
compleat  as  when  hydrogen  alone  was  employed; 
for  the  alkaline  air,  after  it  would  reduce  no 
more  of  the  metal,  left  a large  refidue,  which 
Dr.  Prieftley,  to  his  furprize,  found  to  be  phlo- 
gi/Iicated  or  azotic  air.  Red  mercurial  oxyd 
was  in  like  manner  reduced  in  alkaline  air ; 
water  was  generated  in  a very  fenfible  quantity, 
and  the  refidue,  as  before,  was  azotic,  mixed 
with  fome  oxygen  gas  from  the  mercurial  oxyd. 
Thefe  experiments  of  the  ele£trization  of  am- 
monia, and  of  redu&ion  of  metallic  oxyds,  have 
been  confirmed  by  many  other  chemifts. 

The  partial  decompofition  of  volatile  alkali 
by  metallic  oxyds  did  not  efcape  the  acute  ob- 
servation of  Scheele.  This  eminent  chemift 
obferved  k that  liquid  ammonia,  when  fuffered 
to  remain  in  contact  with  oxyd  of  manganefe 
and  nitrous  acid,  was  entirely  decompofed,  and 
furnilhed  an  elaftic  gas,  whilft  the  oxyd  of  man- 
ganefe was  fo  far  reduced  to  the  metallic  State 
as  to  become  foluble  in  the  nitrous  acid.  The 
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ammonia  therefore  furniflied  hydrogen  to  the 
oxyd,  to  Separate  it  in  the  form  of  water  from 
this  metal,  and  the  other  part  of  the  ammonia, 
the  azot,  efcaped  in  a gafeous  form.  Acid  of 
arfenic  and  ammonia  were  found  to  undergo  a 
Similar  change.  (See  Manganese  and  Arsenic.) 

But  the  molt  accurate  and  convincing  ex- 
periments on  this  alkali  were  undertaken  by  M. 
Berthollet,  on  the  facts  difeovered  by  Prieftley 
and  Scheele.  M.  Berthollet 1 firft  afeertained 
that  on  the  diftillation  of  nitrous  ammonia  more 
water  was  produced  than  belonged  to  the  cryf- 
tallization  of  the  fait,  and  that  the  fource  of 
this  water  was  the  mutual  decompofition  of  the 
acid  and  the  alkali,  the  former  Supplying  the 
oxygen,  and  the  latter,  the  hydrogen.  See 
Nitrate  of  Ammonia.) 

M.  Berthollet  alfo  repeated  the  experiment 
of  the  reduction  of  metallic  oxyds  on  ammonia. 
Oxyd  of  copper  diflolved  in  this  alkali,  evapo- 
rated to  drynefs  and  afterwards  ftrongly  heated, 
became  compleatly  reduced  ; water  was  formed, 
and  azotic  gas  given  out,  together  with  fome 
ammonia  that  had  efcaped  decompofition.  Hence 
M.  Berthollet  beautifully  explained  the  deto- 
nation of  fulminating  gold,  and  even  confirmed 
it  by  adbual  experiment  in  clofe  veflels.  This 
preparation  is  oxyd  of  gold  combined  with  am- 
monia ; when  heated  it  detonates  vehemently, 
the  gold  is  reduced,  water  is  Suddenly  formed, 
and  azotic  gas  given  out.  (See  GoLD-Fu/mi- 
nat'mg. ) 

Another  lingular  phenomenon,  alfo  obferved 
by  M.  Berthollet,  is  explained  by  the  decom- 
position of  ammonia.  When  oxymuriatic  acid 
is  mixed  with  liquid  ammonia,  a ftrong  effer- 
vefcence  takes  place,  though  the  alkali  contains 
no  carbonic  acid ; a gas  is  given  out,  and  the 
acid  immediately  lofes  its  chara&eriftic  proper- 
ties, becoming  Ample  muriatic  acid.  This  is 
beautifully  explained  by  the  decompofition  of 
ammonia,  the  hydrogen  of  the  alkali  uniting 
with  the  excefs  of  oxygen  in  the  acid  into  water, 
and  the  azot  of  the  alkali  appearing  uncom- 
bined in  a gafeous  form,  for  the  effervefeing 
gas  when  examined  is  found  to  be  azotic.  (See 
Oxymuriatic  Acid.) 

A croud  of  interefting  experiments,  fubfe- 
quent  to  thefe  above  mentioned,  come  in  con- 
firmation of  this  hypothefis  of  the  decompofition 
of  ammonia.  M.  Fourcroy,  on  jading  the  oxy- 
muriatic acid  gasra  into  liquid  ammonia,  ob- 
tained a large  quantity  of  azotic  gas,  which 
was  colle£ted  in  the  pneumatic  trough.  On 
adding  ammoniacal  gas  to  oxymuriatic  gas,  a a 
cicncei,  1785.  * An,  Chim.  tom,  1.  * An.  Chira.  tom. 4. 
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white  flame  was  produced,  and  water  was  imme- 
diately feen  trickling  down  the  Tides  of  the  veffel. 

The  fame  chemift  has  alio  purfued  the  expe- 
riments with  ammonia  and  metallic  oxyds.  ° 
Liquid  ammonia  added  to  nitrated  mercury  in 
folution,  precipitates  the  metal  black,  and 
nearly  metallic,  and  azotic  gas  is  given  out. 
The  fame  takes  place  more  ftrikingly  with 
liquid  ammonia  and  the  red  mercurial  ox  yd  in 
powder.  A ilrong  effervefcence  of  azotic  gas 
takes  place,  the  oxyd  turns  firil  white,  then 
black,  and  on  being  moderately  heated  becomes 
moftly  running  mercury.  The  black  oxyd  of 
manganefe  moiftened  with  ammonia  in  like 
manner  effervefces  flightly  even  at  a cold  tempe- 
rature, the  metal  is  partially  reduced  and  be- 
comes grey,  and  azotic  gas  is  formed. 

Nitrated  iron  treated  with  ammonia,  is  equally 
reduced  to  the  ftate  of  the  leaft  oxydation,  and 
the  precipitate  is  the  black  oxyd  of  iron. 

Many  of  the  neutral  ammoniacal  falts  when 
ftrongly  heated,  are  partly  fubiimed  and  partly 
decompofed.  The  nitrated  ammonia  has  been 
already  mentioned.  Mr.  Chenevix  p found  that 
the  fulphated  ammonia  being  diftilled  per fe>  gave 
out  firft,  water  of  cryftallization,  then  part  of 
the  fait  fubiimed  unaltered,  after  which  came 
over  fulphureous  acid  and  azotic  gas , which 
continued  to  the  end  of  the  procefs. 

The  alkali  of  muriated  ammonia,  though 
not  eafily  deftrudtible  by  mere  heat,  is  entirely 
decompofed  by  the  nitric  acid.  Mr.  Woulfe, r 
by  diftilling  one  pound  of  nitric  acid  from  four 
ounces  of  muriated  ammonia,  found  the  acid 
to  a£f  with  great  vehemence  on  the  fait,  and 
the  whole  contents  of  the  retort  were  diftilled 
over  in  a liquid  form,  in  which  no  trace  of  un- 
decompofed  ammonia  could  be  detected.  The 
nitric  acid  was  alfo  in  part  decompofed,  and 
much  azotic  gas,  mixed  with  fome  oxygen, 
was  given  out  in  the  procefs. 

It  often  happens  that  in  the  decompofition  of 
the  alkali,  the  azot,  which  is  one  of  the  conftitu- 
ents  of  ammonia,  inftead  of  being  given  out  in 
the  form  of  gas,  enters  into  new  combinations, 
particularly  with  oxygen  when  prefent  in  excefs, 
and  forms  Nitrous  Acid.  The  particulars  of 
this  Angular  converfton  will  be  given  under  this 
article,  but  it  may  be  mentioned  here,  that  Dr. 
Milner  produced  this  acid  by  pafling  ammonia 
through  heated  oxyd  of  manganefe  ; Fourcroy 
the  fame,  by  ammonia  and  fulphat  of  mercury ; 
and  Prouft  the  fame,  by  ftrongly  heating  a mix- 
ture of  ammoniacal  gas  with  an  excefs  of  oxy- 
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gen.  If  a fmaller  quantity  of  oxygen  is  ufed, 
the  product  of  the  gaffes,  after  detonation  in  a 
high  heat,  is  merely  water  and  azotic  gas. 

We  have  now  to  mention  fome  of  the  ex- 
periments in  which  ammonia  is  produced  by 
the  mixture  of  its  conftituent  parts. 

Animal  putrefaction,  and  the  diforganization 
of  all  animal  and  many  vegetable  fubftances  by 
fire,  are  procefl'es  of  this  kind,  that  are  per- 
petually going  on,  for  in  neither  inftance  can 
ammonia  be  traced  in  the  fubftance  in  any 
notable  quantity,  before  putrefaction  or  com- 
buftion.  (See  Animal  Matter.)  But  chemiftry 
furnifhes  us  with  more  direct  experiments. 

An  ammoniacal  fmell  has  often  been  obferved 
accidentally  by  feveral  chemifts,  where  it  was 
not  expected ; and  more  particularly  in  experi- 
ments with  nitrous  gas  or  acids,  and  various 
metallic  oxyds.  This  was  noticed  by  Dr. 
Prieftley,  in  a folution  of  nitrated  copper, 
mixed  with  iron  filings,  which  had  long  ftood 
together.  Mr.  Hauffman,  of  Colmar, r has 
{hewn  the  fame  production  of  alkali,  on  mixing 
nitrous  gas  with  the  precipitate  from  acetite  of 
iron.  In  this  cafe  the  nitrous  gas  is  rapidly 
abforbed  by  the  iron  precipitate,  and  at  that 
time  fuch  an  interchange  of  principles  takes 
place,  that  a fmall  portion  of  nitrated  ammonia 
is  formed  in  the  mixture.  On  adding  lime  or 
cauftic  potafti,  the  ammonia  is  expelled,  and 
becomes  fenfible  to  the  fmell.  A like  produc- 
tion of  volatile  alkali  always  takes  place  when 
the  green  fulphat  of  iron  is  faturated  with 
nitrous  gas.  This  curious  fadt,  which  depends 
on  very  complicated  affinities,  will  be  explained 
in  the  article  Nitrous  Gas.  It  will  be  fuffi- 
cient  to  obferve,  in  this  place,  that  the  azot  of 
the  ammonia  is  provided  for  in  the  nitrous  gas, 
and  the  hydrogen  in  the  decompofed  water  of 
the  folution. 

Dr.  Auftin’s  experiments  on  the  formation 
of  ammonia  are  highly  intereftingd  Dr.  A. 
found,  that  no  mixture  of  the  two  conftituents, 
hydrogen  and  azot,  when  both  in  a gafeous 
form,  could  be  brought  to  unite  into  ammonia, 
either  by  mixture  in  any  proportion,  or  by  any 
third  addition.  Even  when  the  two  gaffes  were 
the  identical  parts  of  a given  quantity  of  am- 
monia, decompofed  by  electricity,  they  could 
not  again  be  re-united  in  their  alkaline  form. 
Dr.  A.  attributes  this,  probably  with  reafon, 
to  the  great  difference  of  fpecific  gravity  be- 
tween the  two  gaffes,  and  hence  he  was  led  to 
attempt  an  union  between  the  two,  by  putting 
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the  hydrogen  In  conta£l  with  azotic  gas  at  the 
inftant  of  its  formation,  before  it  had  pcrfe6lly 
affumed  the  form  of  hydrogen  gas,  or  as  it  is 
termed  in  its  nafcent  Jlate.  This  method  fuc- 
ceeded.  Iron  filings,  which  are  known  to  yield 
hydrogen  loon  after  mixture  with  water,  were 
moiftened,  and  inclofed  in  an  atmofpherc  of 
azotic  gas.  In  about  twenty-four  hours  ammo- 
niacal  gas  was  detected,  by  the  ufual  tell  of 
changing  to  green  a piece  of  blue-ftained  paper, 
which  was  fufpended  in  the  veffel.  The  green 
of  nitrated  copper  on  paper  was  alfo  changed  to 
blue,  by  the  fame  procefs,  in  a few  days.  The 
fame  generation  of  ammonia  took  place  in  a few 
hours,  when  nitrous  gas  was  fubftituted  for  the 
azotic.  On  the  other  hand  the  fame  change 
occurred,  though  in  a longer  time,  when  com- 
mon air  was  ufed  inftead  of  the  azotic.  Hence 
it  would  follow  that  a fmall  portion  of  ammonia 
is  always  produced  whenever  iron  rufts  in  the 
open  air,  or  generally  by  every  natural  procefs 
which  evolves  hydrogen. 

We  have  already  mentioned  the  formation  of 
volatile  alkali  by  nitrous  gas,  and  feveral  metallic 
oxyds,  and  referred  the  reader  to  the  article 
nitric  acid.  In  the  following  fimple  experiment 
this  alkali  is  produced  immediately  in  a very 
fenfible  quantity.  Pour  fome  moderately  ftrong 
nitrous  acid  upon  an  ounce  or  two  of  tin  filings, 
fufficient  to  moiften  them  completely,  and  Itir 
them  together;  the  adlion  will  be  immediate 
and  vehement,  and  copious  fumes  of  nitrous 
gas  will  arife ; a very  fhort  time  afterwards  add 
fome  lime  or  dry  cauftic  alkali,  rub  them  to- 
gether, and  a very  pungent  fmell  of  ammonia 
will  be  given  out.  In  this  experiment  the  am- 
monia which  is  formed  from  the  decompofition 
both  of  nitrous  acid  and  of  water,  firft  unites 
with  another  part  of  the  acid,  forming  nitrated 
ammonia,  which  might  be  procured  as  fuch 
from  the  mixture.  Then,  on  adding  the  lime, 
this  newly  formed  fait  is  again  decompofed,  and 
the  volatile  alkali  is  expelled  in  its  gafeous  form. 
Zinc  filings,  moiftened  with  nitrated  copper, 
and  mixed  with  lime,  equally  give  out  ammonia. 

The  method  which  has  been  purfued  by  M. 
Berthollet,  and  fucceeding  chemifts,  of  afcer- 
taining  the  relative  proportion  of  the  two  in- 
gredients of  ammonia  (and  indeed  the  only  one 
practicable)  has  been  firft  to  refolve  ammoniacal 
gas  into  its  conftituent  parts,  hydrogen  and 
azotic  gaffes  (for  which  eleflricity  offers  a cer- 
tain but  tedious  agent),  and  then  to  abftradl 
the  hydrogen  by  detonation  with  oxygen  in 
Volta’s  eudiometer.  The  perfedl  refolution  of 
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the  ammonia  after  electrization  over  mercury, 
is  known  by  the  enlargement  ceafing,  and  by 
the  eledlrized  gas  being  now  entirely  unabforbed 
when  water  is  thrown  up  to  it.  In  the  fub- 
fcquent  detonation  of  the  hydrogen  (in  which 
an  excefs  of  oxygen  fhould  be  employed)  a 
great  portion  of  the  gas  difappears  ; which  lofs, 
as  it  is  accounted  for  by  the  production  of 
water,  muft  be  eftimated  according  to  the  known 
proportions  in  which  hydrogen  and  oxygen 
conftitute  this  fluid.  The  remaining  gas  (allow- 
ing for  the  excefs  of  oxygen  employed)  is  the 
azot,  the  other  conftituent  of  the  ammonia.  In 
this  manner  M.  Berthollet  eftimates  the  com- 
pofition  of  ammonia  to  be  121  by  weight  of 
azot,  and  29  of  hydrogen ; fuppofing  too  that 
the  comparative  fpecific  gravity  of  the  former 
to  the  latter  is  as  1 1 to  1 . 

Mr.  Davyu  in  his  experiments  decompofed 
his  ammonia  by  tranfmiffxon  through  a red  hot 
tube  of  green  glafs ; after  which  he  eftimated 
the  hydrogen  and  azot  in  the  manner  above- 
mentioned,  and  the  refult  coincided  almoft  ex- 
actly with  that  of  M.  Berthollet. 

An  approximation  to  the  fame  refult  is  af- 
forded by  calculation  from  the  known  fpecific 
gravities  of  all  the  airs  concerned  in  thefe  ex- 
periments.'7 According  to  Mr.  Kirwan,  100 
cubic  inches  of  alkaline  air  weigh  18.16  grains, 
of  azotic  air  weigh  30.535  grains,  and  of  hy- 
drogen gas  weigh  2.613  grains.  M.  Berthollet 
reckons  that  1.7  cubic  inches  of  ammonia,  ex- 
pands by  ele£lrization  to  3.3,  and  confequently 
100  cubic  inches  of  the  eledtrized  air  now 
weighs  only  9.355  grains:  and  by  fubfequent 
calculation,  Dr.  Auftin  found  that  a mixture 
of  this  fpecific  gravity  is  formed  by  1 2 1 grain* 
of  azot  and  32  of  hydrogen. 

Confidering  the  difficulty  of  obtaining  a per- 
fe£t  uniformity  in  comparative  experiments  of 
this  nature,  in  a gas  fo  greedy  of  moifture  as 
ammonia  is,  this  coincidence  is  very  fatisfadtory, 
and  we  may  therefore  conclude,  without  danger 
of  confiderable  error,  that  100  grains  of  pure 
ammonia  are  compofed  of  about  80  grains  of 
azot  and  20  of  hydrogen. 

Ammonia  combines  with  great  eafe  with  all 
the  acids,  forming  neutral  falts,  which  will  be 
described  under  the  refpedtive  acids.  Its  affinity 
for  acids  is  weak,  compared  to  that  of  the  other 
alkalies  and  many  of  the  earths.  It  is  a remark- 
able property  of  this  alkali  that  in  many  inftances, 
when  added  to  earthy  or  metallic  falts,  where 
its  affinity  to  the  acid  is  on  the  whole  greater 
than  the  bafis  already  combined,  it  only  partially 
• AbIUb  Ph.  Traaf, 
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.decompofes  them,  uniting  with  the  remainder 
of  the  fait  into  a triple  compound,  fometimes 
cryftallizable,  confining  of  the  acid,  the  earth 
or  metallic  oxyd,  and  ammonia.  It  is  cf  im- 
portance to  be  aware  of  this  in  chemical  analyfis. 
The  affinity  of  magnefia,  for  example,  is  fo 
nearly  the  fame  as  that  of  ammonia  to  acids, 
that  ammoniaco-magnefian  triple  falts  are  con- 
ftantly  occurring  when  the  three  fubftances 
come  together. 

The  frequent  decompofltion  of  ammonia  upon 
metallic  oxyds,  reducing  them  from  the  higheft 
ftate  of  oxydation  to  the  loweft,  or  even  to  the 
reguline  ftate,  has  already  been  mentioned, 
when  dcfcribing  the  fa&s  that  prove  the  decom- 
pofition  of  this  alkali.  It  alfo  fimpiy  diflolves 
other  metallic  oxyds,  as  copper,  cobalt,  zinc, 
nickel,  tungften,  &c.  Some  of  thefe  compounds 
are  cryftallizable. 

When  ammoniacal  gas  is  mixed  with  fome 
of  the  gafeous  acids,  the  carbonic  or  muriatic 
for  example,  a moft  beautiful  phenomenon 
occurs  : the  two  gaffes  inftantly  on  mixture  form 
a denfe  white  cloud,  totally  lofe  their  gafeous 
form,  and  condenfe  into  minute  flakes  of  the 
dry  cryftallized  ammoniacal  fait,  fo  that,  if  pure, 
not  an  atom  of  gas  is  left  in  the  veflel  in  which 
they  are  mixed.  A rapid  and  complete  abforp- 
tion  therefore  is  the  confequence,  and  this  is 
attended  with  a very  fenfible  evolution  of  heat. 
See  Carbonat  and  Muriat  of  ammonia. 

This  circumftance  affords  a very  delicate  teft 
of  ammonia,  for  if  any  of  the  alkaline  gas  is 
given  off  from  any  fubftance  (fuppofe  an  un- 
corked bottle  of  liquid  ammonia,)  and  a glafs 
rod,  ftraw,  or  any  thing  of  the  kind  be  only 
moiftened  with  muriatic  or  nitrous  acid,  and 
held  in  the  ammoniacal  atmofphere,  the  alkali 
floating  in  the  air  wiil  immediately  be  detected 
by  the  thick  white  cloud  of  nitrated  or  muriated 
ammonia,  which  will  be  feen  to  hover  round  the 
acid.  This  teft  is  even  more  delicate  than  the 
fir.ell. 

The  cauftic  powers  of  the  volatile  alkali  are 
much  inferior  to  thofe  of  the  two  fixed.  It 
does  not  readily  corrode  animal  matter.  With 
oil  it  unites  readily  to  a certain  degree,  but  not 
fo  firmly  and  perfedfly  as  the  fixed  alkalies. 
(See  Soap  Ammoniacal .) 

Sulphur  may  be  made  to  combine  with  am- 
monia by  diftillation.  Some  interefting  produfts 
arc  the  relult,  which  will  be  dcfcribed  under  the 
article  Sulphurp.t. 

The  conftant  tendency  of  ammonia  to  affume 
the  gafeous  ftate,  in  a very  moderate  heat,  forms 
a coufiderable  obftacle  to  its  union  with  many 


bodies  with-  which  the  fixed  alkalies  may  be 
made  to  combine  •,  or  courfe  there  can  be  no 
fuch  fubftance  as  an  ammoniacal  glafs. 

Prussian  Blue  is  one  of  the  moft  curious 
combinations  of  ammonia  that  we  are  acquainted 
with. 

Ammonia  in  its  cauftic  ftate  is  ufed  only  in 
medicine  and  in  the  laboratory.  Ammoniacal 
gas  is  one  of  the  beft  correctors  to  the  dan- 
gerous fuffocating  properties  of  the  vapour  of 
oxymuriatic,  and  probably  of  other  acids.  In 
the  event  of  fuch  an  accident,  the  fpeedieft 
method  will  be  to  mix  quick  lime  and  muriated 
ammonia  with  a little  water,  and  to  place  the 
veflel  containing  it  on  the  floor,  as  near  to  the 
feet  of  the  fufferer  as  can  be  borne  with  fecurity, 
fo  as  to  allow  him  to  inhale  cautioufly  fome  of 
the  afcending  ammoniacal  gas,  which  will  be 
given  off  in  great  abundance. 

Ammoniacal  gas  is  detected,  as  we  have  be- 
fore mentioned,  by  giving  a denfe  white  fume 
with  muriatic  acid  vapour.  It  is  known  to  be 
pure  when  it  is  totally  and  inftantly  abforbed 
by  water.  This  teft  is  in  general  fufficient,  for 
the  other  rapidly  abforbable  gafles  are  the 
aeriform  acids,  which  cannot  remain  in  a ga- 
feous ftate  along  with  ammonia.  If  a fmall 
admixture  of  fulphuretted  hydrogen  gas  be  fuf- 
peCted,  the  teft  of  acetited  lead  may  be  ufed, 
which  will  be  blackened  by  water  that  has 
abforbed  this  gas,  but  not  by  liquid  ammonia. 
The  folution  of  ammonia  in  water  is  known  to 
be  perfectly  deprived  of  carbonic  acid  when  it 
gives  no  effervefcence  with  acids,  no  cloudincfs 
on  mixture  with  ftrong  alcohol,  and  particularly 
when  it  does  not  alter  the  tvanfparency  of  a 
folution  of  pure  lime  (calcareous  fpar  or  Carrara 
marble)  in  the  nitrous,  muriatic,  or  acetic  acids. 
This  laft,  which  is  a moft  delicate  teft,  ffiouM 
be  made  in  a well  corked  bottle,  for  though 
pure  ammonia  will  not  precipitate  lime,  car- 
bonated ammonia  will  do  it  very  readily,  and 
the  alkali,  if  cxpofed  to  the  air,  will  fpeedily 
abforb  from  it  fufficient  carbonic  acid  to  render 
this  teft  fallacious.  If  muriated  ammonia  is 
accidentally  mixed  with  liquid  ammonia  in  the 
procefs  of  diftillation,  the  prefence  of  the  mu- 
riatic acid  is  thus  detected  : faturate  part  of  the 
liquor  with  pure  diftilled  vinegar,  and  add  to  it 
a few  drops  of  nitrated  filver,  a white  precipitate 
of  luna  cornea  will  then  indicate  the  muriatic 
acid,  for  nitrated  filver  is  not  clouded  by  pure 
acetited  ammonia.  We  may  add,  that  in  the 
analyfis  of  any  fubftance  fuppofed  to  contain  an 
ammoniacal  fait,  this  alkali  is  beft  expelled  by 
adding  lime  to  the  fubftance  to  be  analyfed,  and 
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di fulling  the  whole  in  a clofe  veflel.  The  whole 
of  the  ammonia  then  corncs  over  with  the  very 
firft  produdts,  and  if  condenfed  by  a little  water 
in  a cool  receiver,  it  is  thus  obtained  in  a con- 
centrated ftate,  convenient  for  further  exami- 
nation. An  example  of  this  method  is  given  in 
the  analyfis  of  Alum. 

The  affinities  of  ammonia  are  the  fame  as 
thofe  of  Potash  and  Soda  in  the  moift  way, 
but  the  tendency  of  the  volatile  alkali  to  gali- 
fication  on  the  application  of  heat,  is  fo  ftrong 
as  to  throw  fome  uncertainty  on  its  relative 
affinities,  even  at  a moderately  elevated  tempera- 
ture. 

AMMONIURET.  This  term  has  been  ufed 
of  late  to  exprefs  the  folution  of  any  fubftance 
in  ammonia,  as  Ammoniuret  of  copper,  of  cobalt , 
&c. 

AMNIOS,  Liquor  of  the — Liquor  Amnii.  Is 
the  fluid  contained  within  the  membranes  of 
the  foetus  of  viviparous  animals  before  birth. 
The  unborn  animal  floats  freely  in  the  liquor 
amnii,  and  is  therefore  always  in  contaft  with 
it,  till  the  time  of  parturition,  when  the  mem- 
branes containing  it  are  broken  and  the  fluid 
efcapes.  It  appears  to  be  fecreted  by  the  inner 
furface  of  the  membrane  itfelf,  and  phyfiologifts 
have  not  been  able  to  afeertain,  with  much  pro- 
bability, any  other  ufe  for  it  than  to  afford  a 
protection  to  the  foetus  from  external  injury 
whilft  in  the  womb,  and  a convenient  medium 
in  which  the  incipient  animal  may  grow  and 
encreafe  without  confinement. 

The  more  obvious  chemical  properties  of  the 
liquor  of  the  amnios  have  been  noticed  by  feve- 
ral  writers : we  are  indebted  to  Meffrs.  Buniva 
and  Vauquelin  for  a conflderably  minute  analyfis 
of  this  liquor,  both  human  and  from  the  cow, 
which  appear  to  differ  effentially  in  character.  a 

The  human  liquor  amnii  is  flightly  faline  to 
the  tafte,  and  fomewhat  turbid  in  appearance, 
owing  to  the  fufpenfion  of  a kind  of  cafeous 
matter,  which  is  probably  the  fame  that  adheres 
to  the  fkin  of  new-born  infants.  This  liquor 
froths  by  agitation,  is  heavier  than  water,  its 
fpecific  gravity  being  1.005,  and  when  heated 
becomes  fomewhat  opake,  like  milk  much 
diluted  with  water  The  analyfis  by  reagents, 
and  by  evaporation,  prefents  nothing  particularly 
interefting.  By  far  the  greater  part  is  mere 
water,  the  other  ingredients  amounting  to  no 
more  than  of  the  whole,  and  of  this  a 

part  is  albumen,  together  with  muriat  of  foda, 
phofphat  of  lime,  and  a fmall  excefs  of  foda. 
In  coniequence  of  this  laft  circumftance,  it  is 


found  to  give  a green  to  tin£ture  of  violets,  and 
yet  it  flightly  reddens  tin&ure  of  litmus,  as  if 
an  acid  were  prefent  in  excefs,  but  the  latter 
teft  appears  not  always  fo  certain  as  the  former. 
The  liquor  becomes  flightly  putrid  by  long 
keeping. 

The  liquor  amnii  of  the  cow  differs  from  the 
human  in  being  flightly  red,  having  an  acid 
tafte  with  fome  bitternefs,  a fmell  fimilar  to 
vegetable  extract,  a greater  denfity,  being  1.028 
in  fpecific  gravity,  and  much  more  vifeid. 

Examined  chemically,  it  ilrongly  reddens 
tindfure  of  litmus,  gives  a copious  precipitate 
with  muriated  barytes,  and  an  abundant  red 
precipitate  with  alcohol.  Evaporated,  a thick 
feum  feparates,  which  on  cooling  is  covered 
with  white  cryftalline  blades,  and  when  reduced 
to  about  a fourth  of  its  bulk  and  cooled,  much 
of  this  cryftalline  matter  is  collected,  and  ap- 
pears to  be  a concrete  acid,  differing  from  the 
other  known  fubftances  of  this  clafs,  and  has 
been  termed  by  the  difeoverers  the  amniotic  acid. 
It  may  be  alio  obtained  in  a purer  ftate  by  eva- 
porating the  whole  liquor  to  a very  thick  con- 
fiftence,  and  treating  the  refidue  with  boiling 
alcohol,  fucceffively  added.  On  evaporating  the 
fpirit  the  acid  is  left  pure.  A thick  pitch-like  fub- 
ftance remains  untouched  by  the  alcohol,  which 
is  an  animal  extract  fomewhat  peculiar.  It  has  a 
very  fingular  undefcribable  tafte,  is  very  foluble 
in  water,  and  caufes  it  to  froth  on  agitation. 
This  property,  together  with  its  infolubiiity  in 
alcohol,  gives  this  extra£t  a refemblance  to  ani- 
mal gelly,  but  it  differs  in  not  combining  with 
tannin.  When  burned  it  gives  ammonia,  an 
empyreumatic  oil,  a pruffic  acid,  and  leaves  a 
bulky  coal,  eafy  to  burn,  which  furniffies  a 
white  afh,  containing  the  phofphats  of  magnefia 
and  lime. 

The  liquor  amnii  likewife  contains  fulphat  of 
foda,  which  is  feparated  from  it  in  regular  cryf- 
tals  when  the  evaporation  is  carried  to  a fyrupy 
confiftence.  It  may  alfo  be  obtained  by  cal- 
cining the  entire  refidue  and  fubfequent  lixivi- 
ation. 

The  amniotic  acid  above  mentioned  is  a con- 
crete white  cryftalline  fubftance,  fomewhat  four 
to  the  tafte,  reddening  litmus,  foluble  fparingly 
in  cold  water,  abundantly  in  hot  water,  but 
moftly  cryftaiiizing  again  on  cooling.  It  readily 
unites  with  the  alkalies  when  cauflic,  and  the 
fait  thence  refulting  is  much  more  foluble  in 
water  than  the  acid  fingly.  The  other  acids, 
again  feparate  it  from  its  alkaline  combinations, 
in  the  form  of  a white  finning  powder.  It  does 
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not  decompofe,  except  heated,  the  alkaline  car- 
bonates. It  has  no  fenfible  effe£l  on  the  folutions 
Of  filver,  lead,  or  mercury.  On  calcination  it 
Swells,  and  gives  out  a fmell  of  ammonia  mixed 
with  that  of  the  pruffic  acid.  Though  it  agrees 
with  fome  other  of  the  cryftallizable  acids  in 
many  of  its  properties,  it  does  not  correfpond 
in  all  with  any  one  of  them,  fo  that  at  prefent 
it  mull  be  conlidered  as  a peculiar  acid.  Azot 
is  one  of  its  conftituent  parts,  as  it  furnifhes 
ammonia  by  heat.  The  quantity  hitherto  ex- 
amined has  been  very  fmall,  as  it  is  contained 
ill  the  liquor  of  the  amnios,  but  fparingly. 

AMPHIBOLE  of  Hauy.  See  Hornblende. 

AMPHIGENE  of  Plauy.  See  Leucit. 

AMYGDALOID.  See  Mandelstein. 

ANALCIME  of  Hauy.  See  Zeolite. 

ANALYSIS  is  the  feparation  of  any  fub- 
llance  into  its  component  parts,  with  the  view 
of  ascertaining  their  nature,  relative  proportion, 
and  mode  of  union.  As  every  operation  in 
chemiftry  is  attended  with  a difunion  of  parts, 
the  formation  of  new  compounds  is  alrnoll  an 
invariable  coniequence •,  and  hence  the  bufinefs 
of  analyfis  is  intimately  connected  with  the 
whole  of  chemical  Science,  and  can  only  be 
thoroughly  underilood  by  one  who  is  well  verfed 
in  every  branch  of  chemiftry.  Hence  it  be- 
comes impracticable  to  draw  up  precife  rules 
for  every  circumftance  of  analyfis  in  lefs  com- 
pafs  than  would  include  the  whole  of  operative 
chemiftry,  but  we  may  allow  ourfelves  fome 
obfervations  on  the  fpecific  objeCts  to  be  attained 
in  conducing  thefe  proceffes,  and  the  general 
principles  on  which  they  are  to  be  purfued. 

It  w'ould  appear  incredible  that  fuch  an  in- 
finite variety  of  fubftances,  all  differing  from 
each  other  both  in  phyfical  and  chemical  pro- 
perties, Ihould  be  produced  from  a very  few 
fimple  fubftances,  if  we  did  not  know  that  every 
compound  of  elementary  parts  acquires  by  its 
union  new  properties  which  did  not  belong  to 
either  of  its  conftituents  taken  Separately.  Hence 
a compound  once  formed,  perpetually  acquires 
the  powers  of  an  element,  in  being  again  able 
to  unite,  undecompofed,  with  other  bodies, 
fimple  or  compounded,  in  various  proportions  j 
and  thus  to  produce  new  fubftances,  in  which 
the  conftituents  often  retain  their  original  affi- 
nities, and  in  analyfis  again  feparate  into  their 
firft  elementary  combinations.  Thus  the  cryf- 
tallized  fait,  nitrat  of  ammonia,  is  compofed  of 
nitric  acid,  ammonia,  and  water,  each  of  which 
is  itfelf  compound,  but  in  this  particular  com- 
bination aCts  as  an  elementary  body. 


For  nitric  acid  confifts  of  azot  and  oxygen, 
ammonia  of  azot  and  hydrogen, 

and  water  of  oxygen  & hydrogen; 

fo  that  the  elements  of  nitrated  ammonia  are 
Simply  azot,  hydrogen,  and  cxygcn  ; but  it  is 
requilite  that  they  Should  firft  be  combined  into 
the  acid,  alkali  and  water,  before  this  Specific 
neutral  fait  can  be  formed. 

The  bufinefs  of  chemical  analyfis  is  to  refolve 
a body  into  its  conftituent  parts,  but  it  is  always 
an  individual  queftion  belonging  to  every  procefs 
of  analyfis,  to  determine  whether  this  refolution 
Ihould  proceed  to  entire  feparation  into  real 
elements,  or  only  into  thofe  compounds  which 
aCt  the  part  of  intermediate  elements,  that  is, 
whether  disjunction  or  diforganization  be  re- 
quired : as  for  example  in  the  inftance  before  us, 
whether  nitrated  ammonia  be  refolved  into  azot, 
hydrogen,  and  oxygen,  or  into  nitric  acid,  ammo- 
nia and  water.  The  former  mode  of  analyfis  is  in 
general  the  beft  calculated  for  experimental  re- 
fearch,  the  latter  for  utility ; but,  however,  a 
mixture  of  the  two  methods  is  commonly 
adopted,  where  the  proportion  and  nature  of 
the  compound  produced  has  already  been  fully 
afcertained  by  previous  experiment. 

Hence  the  infinite  importance  of  accurate 
tables  of  the  compofitionof  all  the  pro-elementary 
fubftances  ufually  met  with,  as  by  them  we  are 
enabled  to  Simplify  analyfis,  and  to  reduce  it 
to  much  greater  certainty.  When  we  already 
know  the  composition  of  water,  of  ammonia, 
of  the  acids,  of  neutral  or  metallic  falts,  and  the 
like,  we  may  be  Satisfied  with  bringing  the 
refults  of  our  analytical  experiments  to  this 
point,  and  may  deduce  the  reft  from  our  tables  ; 
if  we  know  that  a hundred  parts  of  luna  cornea, 
dried  at  a certain  heat,  always  contain  feventy- 
five  parts  of  Silver,  we  may  calculate  on  this 
proportion  of  metal,  and  Save  the  further  trouble 
of  reduction.  This  mode  of  proceeding,  how- 
ever, requires  considerable  caution. 

The  moft  rigid  proof  of  the  accuracy  of 
analyfis  is  by  fynthefts , or  by  again  producing  the 
fame  compound,  on  uniting  the  identical  parts 
which  we  have  given  as  its  conftituents.  It  is 
but  Seldom  that  we  are  able  to  exhibit  this  proof 
in  a perfe&ly  Satisfactory  manner ; we  may 
oftener,  however,  reproduce  a fubftance  re- 
fembling  that  which  we  have  analyfed,  by  em- 
ploying ftmilar  conftituents,  if  not  the  identical 
fubftances.  But  even  this  proof  is  almoft  totally 
wanting  in  the  analyfis  of  the  organized  vege- 
table or  animal  matters,  efpecially  when  reduced 
to  their  ultimate  elements,  and  generally  when 
only  Separated  into  their  immediate  conftituents. 
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One  of  the  mod  important  agents  in  analyfis 
is  heat  or  fire,  and  even  in  fome  indances  it  is 
the  only  agent  required.  Electricity  often  appears 
to  operate  in  analyfis  in  nearly  the  fame  manner 
as  fire.  Thus  ammonia  is  equally  decompofed 
by  the  ele&ric  fpark  and  by  ignition  •,  hydrogen 
and  oxygen  by  both  are  united  into  water.  In 
the  Appendix  we  {hall  defcribe  the  kinds  of 
apparatus  particularly  adapted  to  the  mod 
accurate  analytical  experiments.  We  may  here 
enumerate,  the  burning  lens  for  applying  folar 
heat;  the  fimple  and  elegant  apparatus,  con- 
fiding of  a tube  palled  through  a furnace,  where- 
by fubdances  are  ignited  without  contadl  with 
the  burning  fuel ; the  eledlro-chemical  appa- 
ratus ; and  the  beautiful  contrivance  of  Woulfe, 
for  detaining  feparately  the  produdls  of  didil- 
lation,  together  with  the  pneumatic  apparatus 
for  gafeous  fubdances. 

The  other  great  operation  in  analyfis  is  the 
application  of  reagents , or  fubdances  which  in- 
dicate the  parts  of  the  body  to  be  examined, 
either  by  dilfolving  a portion  if  folid,  or  by 
feparating  a portion  from  its  folution,  if  already 
in  a liquid  date,  or  by  producing  fuch  changes 
of  colour,  fmell  or  fenfible  properties,  as  are 
previoufly  known  to  belong  only  to  certain 
chemical  compounds. 

The  particular  precautions  to  be  obferved  in 
the  deps  of  chemical  analyfis  differ  fo  much, 
and  the  very  mode  of  proceeding  depends  fo 
entirely  on  the  apparent  nature  and  quality  of 
the  fubdance  to  be  analyfed,  that  it  would  be  a 
fruitlefs  talk  to  collect  under  one  head  all  that 
is  to  be  faid  on  this  mod  extenfive  fubjedt.  We 
(hall  therefore  refer  the  reader  to  the  individual 
fubdance,  as  for  example  to  indigo , where  the 
methods  of  analyzing  this  dye  are  required,  and 
alfo  to  the  following  articles. 

The  analyfis  of  minerals,  which  has  been 
more  affiduoufly  cultivated  than  perhaps  any 
other  branch  of  analytical  chemidry,  includes 
the  examination  of  metallic  ores,  and  of  the 
other  produces  of  the  mineral  kingdom.  But 
as  the  precife  portion  of  metal  diffident  to  con- 
ditute  a mineral  a metallic  ore,  is  unknown 
before  analyfis,  and  when  known  cannot  be 
accurately  laid  down  (the  term  ore  being  often 
ufed  in  a technical  fenfe,  to  imply  a proportion 
of  metal  worth  the  extraction  in  the  large  way); 
and  as  mod  minerals  {hew  fome  trace  of  metalline 
ingredients,  we  {hall  refer  the  whole  fubjeft  of 
the  analyfis  of  folid  bodies  belonging  to  the 
mineral  kingdom  to  the  article  Minerals,  Ana - 
lyfis  of. 


The  fubjecl  of  Mineral  Waters  we  {hall 
treat  feparately. 

The  analyfis  of  Gasses  requires  a peculiar 
apparatus  and  appropriate  precautions. 

The  leading  chara£ters  that  didinguifh  Ani- 
mal and  Vegetable  matter  will  be  enumerated 
under  their  refpe&ive  heads,  and  may  affid  the 
pra&ical  chemid  in  determining  to  which  of 
thefe  great  clafles  the  fubdance  which  he  is 
analyfmg  may  belong. 

ANATASE.  Schcrl-h/eu  of  R.  De  Lifle. 
O fanite  of  Lametherie.  OElaedrite  of  Sauffure. 

The  colour  of  this  mineral  is  for  the  mod 
part  deel-grey,  which  in  certain  dire&ions  paffes 
into  blackilh  or  reddiffi-brown  : it  alfo  occurs 
occafionally  of  a bright  indigo-blue.  It  is  found 
crydallized  in  lengthened  octahedrons,  the  fum- 
mits  of  which  are  fometimes  truncated  ; the 
lateral  faces  are  {lightly  driated  acrofs : the 
crydals  are  fmall,  and  often  fo  minute  that  their 
form  is  fcarcely  to  be  recognized  by  the  naked 
eye.  The  ludre  of  the  anatafe  is  very  brilliant, 
between  the  metallic  and  vitreous  : its  fra£Iure 
prefents  lamellae,  parallel  to  the  four  faces  of 
the  octahedron  and  to  the  bafe.  It  is  commonly 
opaque,  feldom  tranfiucid,  very  rarely  femi- 
tranfparent.  It  is  hard,  brittle,  difficult  to  break: 
fpecific  gravity  3.85. 

The  anatafe  is  not  fufible,  per  fe,  before  the 
blow-pipe : when  heated  with  an  equal  weight 
of  borax  it  fufes  into  a glafs  of  an  emerald  green, 
which  as  it  cools  crydallizes  in  needles.  By  a 
further  addition  of  borax,  the  refult  is  a tranf- 
parent  glafs  of  a hyacinth  red : if  this  glafs  is 
heated  gradually,  at  the  extremity  of  the  cone 
of  flame  produced  by  the  blow-pipe,  it  becomes 
opaque  and  of  a deep  blue  colour ; by  a con- 
tinuance of  the  heat  the  blue  changes  to  white, 
and  in  a higher  temperature,  the  bright  tranf- 
parent  hyacinthine  colour  again  makes  its  ap- 
pearance. Thefe  fucceffive  changes  may  be 
renewed  at  pleafure,  as  was  fird  obferved  by 
M.  Efmark. 

The  only  fubdance  with  which  the  anatafe  is 
likely  to  be  confounded  is  blende,  but  befides 
that  the  form  and  druCture  of  thefe  two  fub- 
danees  are  very  different;  it  may  be  remarked 
that  blende  is  incapable  of  fcratching  glafs, 
which  anatafe  will  do  very  readily. 

No  accurate  analyfis  of  this  mineral  has  yet 
been  made;  but  Vauquelin  has  afcertained  that 
its  principal  ingredient  is  oxyd  of  titanium. 

The  anatafe  is  found  atVaujani,  near  Allemont, 
in  Dauphine,  on  the  mountains  near  the  town 
of  Oifans.  It  lines  the  cavities  of  a vein  that 
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traverfes  a primitive  rock,  and  is  accompanied 
by  minute  cryftals  of  quartz  and  fellpar.  a 

ANIMAL  MATTER.  The  antient  divifion 
of  terreftrial  bodies  into  animal,  vegetable,  and 
mineral,  applies  with  much  more  propriety  to 
natural  hiftory  than  to  chemiftry  : in  the  former 
fcience  it  furnifhes  a liable  and  ufeful  bafis  for 
claffification ; in  the  latter  it  is  at  beft  am- 
biguous, and  liable  to  miilead. 

Several  of  the  moll  important  chemical  ele- 
ments are  found  fometimes  in  different,  fome- 
times  in  the  fame  combinations,  in  all  the  three 
kingdoms  of  nature,  and  therefore  cannot  with 
propriety  be  claffified  under  any  individual. 

However,  it  is  not  unimportant  to  dillinguilh, 
as  far  as  may  readily  be  done,  the  proximate 
conflitucnts  of  each  natural  clafs,  and  more 
frequent  combinations  which  are  met  with  by 
the  chemill. 

We  may  alfo  obferve  here  that  almoll  all  the 
difcoveries  relating  to  the  chemiftry  of  animal 
bodies  are  due  to  modern  philofophers,  and 
take  their  date  from  the  period  at  which  the 
analyfis  of  gafeous  bodies  began  to  affume  a 
regular  fcientilic  form.  Many  curious  and  va- 
luable experiments  are  indeed  to  be  met  with 
before  that  pei.  d,  and  feveral  interefting  fub- 
ftances,  fuch  as  phofphorus,  pruftic  acid,  am- 
monia, &c.  were  known  to  poffefs  an  animal 
origin ; but  the  real  nature  of  tliefe  bodies,  the 
mode  of  their  exiftence  and  their  combinations, 
were  yet  undifeovered.  An  infinite  labour  yet 
remains  in  this  department  of  chemiftry,  and 
the  refearch  is  the  more  difficult  as  it  demands 
the  affiftance  of  extenfive  knowledge  in  anatomy, 
phyfiology,  and  in  the  ftrudlure  and  the  func- 
tions of  animals ; and  as  all  the  poffible  opera- 
tions of  the  chemill,  in  his  laboratory,  appear 
to  bear  little  if  any  analogy  with  thofe  that 
occur  in  organized  living  bodies. 

The  prefent  Hate  of  animal  chemiftry  includes 
the  analyfis  which  has  been  made  of  the  various 
animal  folids  and  fluids ; the  chemico-phyfio- 
logical  enquiries  which  have  been  inftituted  con- 
cerning the  living  fundlions  ; the  changes  pro- 
duced by  difeafe ; thofe  which  take  place  after 
death ; and  feveral  mifcellaneous  fails  relating 
to  the  ufe  of  certain  parts  of  animals  in  the  arts, 
in  medicine,  &c. 

Scarcely  any  arrangement  will  ufefully  include 
all  the  conftituent  parts  of  animal  bodies,  as  in 
chemical  properties  they  pafs  into  each  other  by 
infenfible  gradations,  and  by  apparently  flight 
differences  in  the  proportions  of  their  elements. 
Still  lefs  will  any  arrangement,  fatisfailory  to 


the  chemift,  anfwer  the  purpofes  of  phyfiology, 
or  coincide  with  the  diftribution  and  mutual 
connexion  of  the  animal  functions.  We  fhall 
content  ourielves  with  enumerating  the  prin- 
cipal parts  of  animals,  in  the  order  which  ap- 
pears the  moft  natural,  and  indicating  the  heads 
under  which  their  chemical  properties  will  be 
deferibed. 

The  principal  elementary  folids  of  the  body 
are  the  following  j mafcle  or  fi-Jh,  in  which  re- 
fides  the  power  of  motion,  voluntary  or  involun- 
tary, and  in  chemical  properties  differing  from 
any  other  organ.  Cellular  membrane  or  iveb, 
(the  tela  cellulofa  of  phyfiologifts,)  a fine  net- 
work, which  forms  the  great  connedling  medium 
between  the  different  organs,  and  anfwers  an 
infinite  variety  of  purpofes  of  fupport,  connexion 
and  union  : when  condenfed  it  forms  the  various 
Membranes  or  fheathings,  Tendons , Ligaments , 
and  on  the  furface  of  the  body  the  true  Skin. 
The  chemical  analyfis  of  all  thefe  parts  is  con- 
fiderably  fimilar,  regard  being  had  to  the  age 
and  nature  of  the  animal,  See. — Brain,  a peculiar 
chemical  compound. — Bone,  diftinguiflied  for 
the  large  proportion  of  earth  and  earthy  fait ; 
teeth,  horn,  and  cartilage  belong  to  this  clafs. — • 
The  Tegument  of  animals,  either  for  warmth  or 
protedlion  from  external  injury,  to  this  belong 
the  Cuticle,  Nail,  Hair,  Feather , Wool,  and  many 
of  the  calcareous  coverings  or  habitations  of 
animals  ; Shell , Coral,  See.  Some  refembiance 
in  chemical  properties  is  found  between  the  dif- 
ferent kinds  of  foft  and  hard  teguments  rcfpec- 
tively. 

Of  the  animal  fluids,  the  moft  important  in 
every  point  of  view  is  the  Blood,  that  fluid  from 
which  every  other  part  of  the  animal  is  formed, 
and  which  therefore  muft  contain  the  elements 
of  every  thing  animal  that  is  met  with.  The 
analyfis  of  this  fluid  is  complicated  and  peculiar. 
The  only  fubftance  approaching  to  it  in  proper- 
ties appear  to  be  the  Chyle.  Milk  is  unqueftion- 
ably  the  next  in  intereft,  and  its  analyfis  has 
long  been  familiar  to  chemifts.  A great  number 
of  fluids  might  be  termed  lymphatic , or  fuch  as 
confift  chiefly  of  water,  holding  in  folution  only 
a very  minute  portion  of  animal  and  faline 
matter.  The  Ferfpiraiion,  the  liquor  which 
moiftens  the  cavities  of  the  body,  the  Amnios , 
the  Tears , perhaps  the  Saliva  and  Pancreatic 
Juice  are  of  this  fpecies.  A more  animalized 
lymph,  diftinguiflied  by  a greater  degree  of  vif- 
cidity,  is  the  Mucus  of  the  nofe,  bronchia,  the 
Synovia,  Sec. 

The  Bile , a fpecies  of  animal  foap  much 
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ANA 


ANA 


( 73  .) 


compounded,  is  a very  peculiar  fluid.  Animal 
Oil,  under  the  various  names  of  Fat,  Tallow, 
Suet,  Marrow,  See.  forms  a diftinCt  clafs.  To 
this  perhaps  may  be  added,  though  confiderably 
differing  in  chemical  properties,  Wax  and  Sper- 
maceti. No  animal  fluid  has  occupied  more 
attention  than  the  Urine , even  from  the  earlieft 
times  of  animal  chemiltry. 

Befides  the  foregoing  fubftances,  there  are 
many  others  which  have  a place  in  the  hillory 
of  the  analyfis  of  animal  matter,  and  cannot  be 
eafily  arranged  under  any  general  head.  Of 
this  kind  are  mufk,  caftor,  ambergris,  &c.  which 
will  be  found  under  their  refpe&ive  titles. 

The  chief  proximate  conftituent  parts  of  the 
above-mentioned  animal  fubftances  are:  Water , 
which  appears  to  enter  Amply  as  water  into  the 
compofltion  of  all  the  folids,  to  give  flexibility 
and  elafticity  to  the  moving  and  yielding  parts, 
and  to  form  by  far  the  greater  part  of  all  the 
fluids,  oil  excepted : Fibrin,  alfo  called  Gluten, 
found  in  the  blood,  and  the  chief  conftituent  of 
mufcular  flefti : Albumen,  much  refembling 

fibrin  in  chemical  properties  : Gelatin  or  Jelly : 
Oil:  a fpecies  of  Re/in  : one  or  two  peculiar 
Acids : fome  alkaline  and  earthy  falts,  chiefly 
Soda  and  Lime,  with  the  phofpboric  and  muriatic 
acids  : and  alfo  a fmall  portion  of  Iron. 

The  analyfis  of  all  kinds  of  animal  matter 
prefents  a certain  fimilarity  of  refult  which  very 
fatisfa&orily  coincides,  with  the  fmall  number 
of  elements  into  which  the  above  proximate 
conftituents  are  refolvable.  It  (hews  that  Azot, 
Hydrogen,  Oxygen,  and  Carbon,  perform  the 
leading  parts  in  the  innumerable  changes  by 
which  every  animal  fubftance  is  elaborated  in 
the  living  organs ; but  the  diforganization  of 
thefe  by  chemical  means  gives  rife  to  certain 
compounds  net  to  be  found  in  the  original 
body. 

The  analyfis  by  fire  was  principally  reforted 
to  by  the  older  chemifts,  and  though  lefs  diferi- 
minative  than  the  ufe  of  reagents,  it  is  highly 
inftru&ive.  All  the  hard,  the  foft,  and  the  fluid 
parts  of  animals  (the  latter  being  previoufly  eva- 
porated nearly  to  drynefs)  if  put  into  a retort 
without  addition,  and  heated  firft  flowly  and 
afterwards  to  ignition,  exhibit  nearly  the  follow- 
ing  appearances:1  a watery  fluid  firft  clear, 
afterwards  brown  and  turbid,  diftills  over : this 
contains  fome  ammoniacal  falts,  and  foon  after 
carbonat  of  ammonia  comes  over,  part  of  which 
diffolves  in  the  liquor,  and  part  cryftallizes  on 
the  neck  and  fides  of  the  receiver.  To  this  fuc- 
ceeds  an  oil,  at  firft  nearly  limpid,  but  foon 


coloured,  thick  and  foetid.  This  oil  is  accom- 
panied with  more  carbonat  of  ammonia  partly 
cryftalline,  in  part  diilolved  in  the  oily  vapour. 
At  the  fame  time  a quantity,  often  very  large, 
of  gas  paffes  over,  which  is  found  to  be  chiefly 
carbonic  acid,  but  foetid  on  account  of  its  mix- 
ture with  the  empyreumatic  oil,  and  mixed  with 
carburetted  hydrogen,  and  fometimes  fulphu- 
retted  or  phofphuretted  hydrogen.  When  no- 
thing more  is  given  over,  and  the  retort  is  red 
hot,  if  the  procefs  is  flopped,  a Alining  black 
coal  is  found,  very  difficult  to  burn  to  allies, 
and  mixed  with  the  phofphat  of  lime,  and  other 
fixed  matter  which  the  fubftance  contained. 
The  chief  products  therefore  of  animal  matter 
diftilled  without  addition,  are  water,  carbonat 
of  ammonia,  animal  oil,  carbonic  acid  gas,  and  a 
refidue  of  coal  with  fixed  earthy  falts.  But  of 
thefe  products  fcarcely  one  is  found  in  this  pre- 
cife  combination  in  the  animal  fubftance  before 
diftillation  ; they  are  therefore  formed  out  of 
their  elements  by  the  adtion  of  fire,  and  hence 
the  confufion  and  uncertainty  attending  the  ana- 
lyfis of  thefe  bodies  before  the  nature  of  water, 
of  carbonic  acid,  of  ammonia,  and  of  hydrogen, 
was  underftood.  Of  thefe  produCts,  the  volatile 
alkali  is  the  mod  important,  for  it  is  generated 
in  abundance  by  many  changes  to  which  animal 
bodies  are  expofed,  and  is  not  to  be  detefted 
except  in  minute  quantities,  before  thefe  changes 
have  taken  place.  In  the  article  ammonia,  we 
have  fully  Ihewn  the  compofition  of  this  alkali 
to  be  azot  and  hydrogen,  and  hence  it  becomes 
requifite  in  accounting  for  the  generation  of 
ammonia,  to  prove  the  exiftence  of  its  two 
conftituent  elements  in  animal  matter.  The 
prefence  of  hydrogen  is  obvious,  from  the 
quantity  of  water  exifting  in  all  animal  fub- 
ftances, from  the  production  of  oil  by  diftilla. 
tion,  and  the  actual  evolution  of  much  hydrogen 
in  a gafeous  form,  mixed  with  carbonic  acid. 
The  prefence  of  the  azot  has  been  demon- 
rtrated  in  an  equally  fatisfaCtory  and  very  in- 
genious manner,  efpecially  by  the  valuable 
refearches  of  M.  Berthollet. 

This  admirable  chemift  reforted  to  the  nitric 
acid  as  an  agent  for  the  decompofition  of  animal 
matter.  He  found  that  when  filk,  hair,  wool, 
and  other  animal  fubftances  were  digefted  with 
nitric  acid  with  application  of  heat,  a peculiar 
oily  fubftance  was  produced,  and  along  with  it 
a large  quantity  of  Oxalic  acid , b the  particu- 
lars of  which  experiments  will  be  deferibed 
under  this  acid.  In  a fubfequent  feries  of  ex- 
periments, c the  fame  chemift,  purfuing  the 


1 Fourcroy  Syft.  de  Conn.  Chcm.  ‘ Mem.  de  I'Acad.  des  Sciences,  1780.  * Ibid.  1785. 
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former  fubje£l  in  connection  with  the  eompo- 
fition  of  ammonia,  which  then  engaged  his  at- 
tention, treated  a given  portion  of  filk  with 
nitrous  acid  as  before,  but  with  an  apparatus 
for  collecting  the  gaffes  that  might  be  produced. 
He  found  (as  indeed  Dr.  Prieftley  had  done 
before)  that  the  firft  effect  of  the  acid  before 
the  application  of  heat , was  to  difengage  a very 
large  portion  of  azotic  gas.  After  this,  on  heat- 
ing the  mixture,  much  nitrous  gas  was  gene- 
rated, and  oxalic  acid  was  now  produced.  There 
are  therefore  two  periods  of  the  operation  of 
nitrous  acid  on  animal  matter,  the  firft,  without 
heat,  characterized  chiefly  by  the  production 
of  azotic  gas  ; the  latter  with  heat,  diftinguiftied 
by  the  production  of  oxalic  acid  and  other  pheno- 
mena, which  will  be  elfewhere  noticed.  After 
the  firft  period  it  is  alfo  found  that  the  nitric 
acid  itfelf  is  not  decompofed,  as  it  will  faturate 
as  much  alkali  as  before  : confequently  the  azot 
muft  be  generated  from  the  animal  fubftance. 

Though  the  prefence  of  a2ot  in  animal  matter 
cannot  be  queftioned,  we  pofl'efs  no  other 
means  of  extracting  it  perfeftly  in  its  infulated 
form  except  the  one  above  mentioned,  for  the 
elements  of  animal  fubftances  appear  to  be  pe- 
culiarly liable  to  combination,  and  among  them 
the  azot.  The  generation  of  nitric  acid  is  ano- 
ther azotic  combination,  animal  matter  being 
requifite  for  the  manufacture  of  faltpetre.  The 
relative  quantity  of  azot  contained  in  different 
animal  matters,  is  therefore  in  general  to  be  in- 
ferred from  that  of  the  ammonia  which  it  pro- 
duces by  diftillation,  or  by  other  proceffes  of 
decompofition,  and  fubfequent  experiments  with 
nitric  acid,  confirm  this  pofition. 

Putrefaction,  or  the  fpontaneous  analyfis 
of  animal  matter,  performed  by  warmth  and 
moifture,  though  a molt  repulfive  procefs  to 
all  the  fenfeSy  has  engaged  the  attention  of 
feveral  excellent  chemifts,  and  the  phenomena 
which  it  exhibits  illuftrate  in  a ftriking  manner 
the  other  analytical  experiments.  Under  this 
article  it  will  be  feen  how  important  are  the 
combinations  of  azot  in  this  natural  procefs, 
and  how  intimately  it  is  connected  with  the 
production  of  ammonia  and  of  nitric  acid. 

The  action  of  heat  and  of  acids  under  certain 
circumftances  alfo  generates  the  Prussic  Acid , 
a fubftance  peculiarly  animal  and  worthy  of 
attention. 

The  operation  of  the  nitric  acid  on  animal 
matter  has  already  been  mentioned  ; the  ful- 
phuric  acid  acts  with  almoft  equal  energy  but 
in  a fomewhat  different  manner.  d A piece  of 


flefti,  for  example,  immerfed  in  this  acid,  con- 
centrated, but  cold,  foon  becomes  coloured 
fucceffively  yellow,  red,  and  black,  and  acquires 
a pafty  confiftence  : the  mixture  heats,  but  gives 
out  no  gas,  and  when  examined  the  acid  is 
found  diluted  with  the  water  extracted  from 
the  flefti,  and  alfo  in  part  faturated  with  am- 
monia and  foda.  The  flefti  is  charred,  and 
there  feparates  from  it  a portion  of  oily  matter. 
The  precife  nature  of  the  change  is  not  entirely 
underftood,  but  the  generation  of  ammonia  is 
indifputable,  as  this  alkali  is  found  in  union 
with  the  acid,  and  could  not  be  previoufly  de- 
tected in  the  animal  matter.  Another  Angular 
production  alfo  in  this  cafe  is,  the  acetous  acid, 
which  may  be  detected  by  diluting  the  mixture, 
filtrating  and  diftilling  the  liquor.  The  acetous 
acid  rifes  in  the  diftillation. 

The  cauftic  fixed  alkalies  have  long  been 
known  to  act  moft  powerfully  upon  animal 
matter : when  concentrated  and  efpecially 
aflifted  by  heat,  they  difl'olve  indifcriminately 
all  the  foft  parts  into  a faponaceous  pulp.  M. 
Fourcroy  has  found  that  ammonia  is  difengaged 
at  the  time  of  its  action,  and  that  it  is  formed 
in  the  procefs.  See  Soap,  Animal. 

So  much  remains  to  be  done  on  the  fubject 
of  animal  chemiftry,  that  it  might  be  fuper- 
fiuous  to  enlarge  further  on  a general  head. 
The  collective  induftry  of  chemifts  however,, 
prefents  a very  refpectable  mafs  of  information 
concerning  the  properties  of  a variety  of  the 
moft  interefting  fubftanees  belonging  to  this 
great  clafs  of  natural  bodies,  to  which  indivi- 
dually we  fhall  refer  our  readers. 

ANNEAL.  When  a fubftance  melted  or 
nearly  in  a ftate  of  fufion,  is  cooled  very  haftily,. 
its  texture  is  fo  much  altered,  that,  if  a du£lile 
metal,  it  lofes  much  of  its  malleability,  and. 
cannot  be  extended  far  under  the  hammer  with- 
out cracking  ; or,  if  a brittle  metal,  a glafs,  or 
vitrefcent  mixture,  it  is  liable  to  fly  to  pieces 
by  a very  flight  change  of  temperature  or  exter- 
nal injury.  To  avoid  this  the  procefs  of  anneal- 
ing is  reforted  to,  which  is  nothing  more  than 
cooling  the  heated  or  melted  fubftance  as  flowly 
and  equally  as  poflible,  often  in  a feparate 
furnace  of  the  requifite  heat,  and  fometimes 
called  an  annealing  oven.  The  utility  of  anneal- 
ing is  {hewn  very  confpicuoufly  in  the  manu- 
facture of  Glafs,  the  calling  of  Speculum  Metal,. 
or  the  beating  of  Gold. 

ANNOTTA,  oxArnotta.  Rottcou,  Fr.  Orleans 
Germ. 

Arnotta  is  a dry  hard  pafte,  brownifh  on  the 
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outfide  and  red  within,  brought  from  Cayenne 
and  various  other  parts  of  America,  in  long 
rolls  of  about  two  or  three  pounds  weight,  and 
much  ufed  in  Europe  in  dyeing.  This  article 
is  procured  from  the  feeds  of  a large  tree,  the 
Bixa  Orleanct  of  Linnaeus,  Roucoyer,  or  Macaw 
tree,  alfo  called  by  the  Caribs  Achiote , Cochehue, 
or  Bichet , and  by  the  Brazilians,  Urutu.  They 
are  thus  prepared ; the  feeds  when  ripe  are 
gathered,  the  hulk  taken  off,  gently  bruized  and 
put  into  a trough  to  foak  for  about  eight  or  ten 
days,  being  well  llirred  twice  a day  with  a 
wooden  implement.  They  are  then  beaten  with 
heavy  mallets  for  a quarter  of  an  hour,  till  they 
are  thoroughly  bruifed,  again  moiffened  with 
water  and  paired  through  a fieve.  When  thus 
reduced  to  a kind  of  pulp,  it  is  put  into  a wooden 
vat,  and  allowed  to  ferment  or  putrify  for  a 
week,  during  which  time  it  gives  out  a very 
fetid  fmell,  and  moulds  on  the  furface.  After 
this  the  pulp  is  again  beaten,  and  foaked  with 
water  twice  fucceflively. 

The  feed  is  now  nearly  exhauffed  of  its  co- 
louring matter,  which  has  pa  fled  into  die  feveral 
waters  with  which  it  has  been  walhed,  and 
which  are  carefully  referved,  Brained  through 
fieves,  and  mixed  in  different  proportions. 
This  water  holding  the  colouring  matter  fuf- 
pended,  is  then  transferred  into  iron  boilers, 
and  heated  gradually,  till  a fcum  rifes  to  the 
furface,  which  is  fuccellively  removed  as  it  forms 
into  another  boiler.  This  fcum  is  the  annotta, 
and  it  is  llowly  dried  in  the  laft  boiler  with 
perpetual  Birring,  till  it  is  of  fo  thick  a con- 
BBence  as  not  to  Bick  to  the  wetted  finger. 
After  this  it  is  laid  out  on  the  floor  to  dry,  and 
made  up  into  cak-es,  (the  negro  who  does  this 
part  of  the  bufinefs  fmearing  his  hands  with 
palm  oil,)  and  finally  wrapped  up  in  palm  leaves, 
and  in  two  months  time  it  is  fit  for  exportation. 

The  Caribs  make  annotta  in  a much  Ampler 
manner.  They  take  the  feeds  when  ripe,  and 
rub  them  for  a long  time  in  their  hands  fmeared 
with  palm  oil,  till  the  fine  red  outer  coat  of  the 
feed  is  rubbed  off  and  Bicks  to  the  palm  of  the 
hand,  which  is  the  annotta,  and  undergoes  no 
other  preparation  than  being  moulded  into  large 
cakes  and  dried.  This  is  eBeemed  the  pureff, 
as  it  has  undergone  no  change  by  fermentation. 

Annotta  readily  diffolves  in  water,  and  more 
eafily  in  alcohol.  Its  folutions  have  a yellowifli 
red,  or  orange  caff.  The  watery  deco&ion  has 
a Brong  fmell,  and  an  unpleafant  rather  pun- 


gent taffe.  Alkalies  change  it  to  a high  orange, 
and  much  afliff  the  folution  in  water.  Acids 
precipitate  from  the  folution  an  orange  fedi- 
ment,  foluble  in  alkalies.  Alum  gives  a fimilar 
precipitate  or  lake,  but  of  a deeper  hue.  Sulphat 
of  iron  gives  an  orange  brown  lake  ; fulphat  of 
copper  a yellowifh  brown  ; folutions  of  tin  a 
lemon  coloured. 

Annotta  is  employed  in  the  countries  where 
it  grows  for  various  purpofes  of  colouring,  for 
Baining  the  (kin,  giving  a colour  and  a peculiar 
taffe  to  certain  articles  of  food,  fometimes  to 
chocolate.  In  Europe  it  is  ufed  largely  in 
dyeing,  particularly  filks,  of  different  hues  of 
red,  orange,  aurora,  &c.  In  this  cafe  it  is  al- 
ways prepared  with  an  alkali,  which  gives  a 
caff  of  red.  The  colour  is  fugitive,  particularly 
in  the  fun’s  light,  but  it  is  not  readily  wafheth 
out,  and  is  a very  powerful  dye,  a fmall  quan- 
tity giving  a tinge  to  a very  large  body  of  liquor.* 

A peculiar  ufe  of  annotta  is  in  giving  the 
high  orange  yellow  to  Cheflrirc  and  Wiltfliire 
cheefe,  fo  much  in  fafliion  at  prefent.  To 
employ  it,  the  annotta  is  rubbed  on  a Bone  with 
a little  whey,  till  a fufficiently  Brong  folution  is 
made,  which  is  mixed  with  the  cheefe-curd  juff 
before  preffure. 

ANTS,  Acid  of.  See  Formic  Acid. 

ANTIMONY.  Gr.  Stibium , Lat. 

Spiefglafs , Spiefglanz,  Germ.  Antimoine , Fr. 

Proteus,  Leo  ruber,  Plumbum  nigrum,  Balneum 
regis,  Lupus  metallorum , Alchem. 

Antimony  is  a compact  brittle  metal,  of  a 
brilliant  flightly  bluifli-white  colour ; fufible  at 
a red  heat,  and  by  a higher  temperature,  with 
expofure  to  air,  wholly  convertible  into  a white 
vapour.  It  is  foluble  in  nitro-muriatic  acid; 
and  precipitable  therefrom  in  the  form  of  a 
white  powder  by  diffilled  water,  and  of  a deep 
brick  red  colour  by  liquid  hydrofulphuret  of 
ammonia. 

Antimony  is  found  in  occafional  mixture  with 
the  ores  of  lead,  of  copper,  and  of  filver ; but 
the  fix  following  are  the  only  fpecies  which  are 
allowed  by  mineralogiffs  to  rank  as  the  proper 
ores  of  this  metal.  b 

Sp.  I.  Native  Antimony;  Gediegtn  Spiesglas ; 
Antimoine  natif  arfenifere  (of  Hauy  ) 

The  freffi-broken  furface  of  native  antimony 
is  of  a pure  tin-white  colour,  but  by  expofure 
to  the  air  it  acquires  a flightly  greyifli  or  yel- 
lowiffi  tinge.  It  is  found  in  mafs,  diffeminated 
and  kidney-fliaped.  Its  luffre  is  metallic,  very 


• Berthollet’s  Art  of  Dying.  Encycl.  Method.  Arts  and  Mets.  (Art.  Roucou. ) Leonhardi  Wort.  (Art.  Orlean.  &c.) 

* Brochant  Miaeralog.  vol.fi.  p.369  Hauy  Traite  de  Mineralog.  vol.  iv.  p.  251.  Emmerling-,  vol.ii.  Wcidcumann, 
Ha^buch,  &c.  DeLile  Cryftallographie,  vol,  iii,  Kirwan’s  Mineralogy,  vol.  ii. 
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brilliant,  even  fpecular.  It  is  compofed  of  flat 
or  flightly  curved  plates,  and  therefore  prefents 
a foliated  fradture.  It  is  brittle,  and  moderately 
hard,  palling  into  tender : its  fpecific  gravity 
has  not  been  afcertained,  but  is  confiderable, 
probably  about  6.0. 

Antimony  when  native  is  by  no  means  in  a 
flate  of  abfolute  purity,  but  always  contains  a 
portion  of  arfenic,  varying  from  two  to  fifteen 
per  cent,  hence  it  exhales  an  alliaceous  odour 
when  heated  before  the  blow-pipe. 

Native  antimony  was  firft  difcovered  in  1748, 
at  Sahlberg,  in  Sweden,  by  Schwabe,  in  a gangue 
of  white  calcareous  fpar ; and  has  fince  been 
found  at  Allemont,  in  Dauphine,  by  Schreiber, 
in  white  quartz.  It  may  be  confidered,  how- 
ever, as  a very  rare  mineral.  Arfenical  filver 
having  a general  refemblance  to  native  antimony, 
has  fometimes  been  miftaken  for  it ; a minute 
portion,  however,  expofed  to  the  blow-pipe,  at 
once  {hows  the  difference,  the  latter  being 
wholly  evaporable,  while  the  former,  after  giving 
out  a little  arfenical  vapour,  remains  behind, 
forming  a bead  of  filver.  The  native  tellurium 
of  Fatzebay  has  alfo  a confiderable  refemblance 
to  native  antimony,  but  its  colour  is  not  quite 
fo  white,  and  before  the  blow-pipe  it  decrepi- 
tates and  volatilizes  with  a clear  fomewhat 
brownifh  flame. 

Sp.  II.  Grey  Sulphuret  of  Antimony ; Grau 
Spiefgtas-erz  ; Antimoinc  Sulphur?.  (Hauy. ) 

This  fpecies  is  divided  by  the  German  mine- 
ralogifts  into  four  varieties,  the  compadf,  foli- 
ated, radiated  and  plumofe. 

Var.  1.  Compadf. 

The  colour  of  this  fubftance  is  lead  grey, 
palling  into  fteel  grey,  and  tarnifhing  blue  or 
purple  by  expofure  to  the  air.  It  occurs  in 
mafs  or  difl'eminated.  Its  luftre  is  metallic, 
fhining  or  little-ffiining.  Its  fradture  is  fmall 
grained,  uneven.  It  is  tender,  eafily  broken, 
leaves  a greyifh  trace  when  rubbed  on  paper, 
and  by  this  means  acquires  a polifh.  Its  fpecific 
gravity  is  confiderable,  but  has  not  been  exadlly 
•afcertained.  When  expofed  to  the  blowpipe  it 
melts  very  eafily,  giving  out  a white  vapour  and 
a fulphureous  odour : by  a continuance  of  the 
heat  it  is  entirely  volatilizable.  So  great  is  its 
iufibility  that  it  will  flow  when  held  for  a fhort 
time  in  the  flame  of  a candle. 

This  variety  is  rarer  than  any  of  the  follow- 
ing. It  is  found  mixed  with  other  antimonial 
ores  at  Braunfdorf,  in  Saxony  ; Goldkronach,  in 
Bareith ; Majurka,  in  Hungary;  and  in  Au- 
vergne : it  is  ufually  accompanied  by  quartz  and 
fpathofe  iron  or© 


Var.  2.  Foliated. 

This  variety  differs  from  the  preceding  irr 
being  of  a high  fteel-grey  colour,  and  in  pre- 
fenting  a fine  grained  foliated  fradture.  Specific 
gravity  4.36.  It  is  almoft  always  accompanied 
by  quartz,  and  by  the  two  following  varieties.  It 
is  found  at  Gold-kronach,  Braunfdorf,  Stolberg, 
in  the  Hartz  and  Nagyag  in  Tranfylvania. 

Var.  3.  Radiated.  (Striated,  of  Kirwan.) 

The  recent  fradfure  of  this  mineral  is,  like 
the  preceding,  of  a light  fteel-grey  colour ; its 
furface,  however,  prefents  a blackifh  grey  colour, 
mixed  with  azure  blue,  golden  yellow,  and 
other  iridefcent  tints.  It  occurs  in  mamillated, 
glandular,  and  ftaladtitic  mafl'es,  or  difl'eminated, 
or  cryftallized.  The  primitive  cryftalline  form 
of  fulphuretted  antimony  has  not  yet  been  af- 
certained ; it  is,  however,  eafily  and  very  neatly 
divifible  by  fedtions  made  parallel  to  the  axes  of 
its  prifms.  The  only  regular  cryftals  of  this 
mineral  are,  1.  An  oblique  angled  tetrahedral 
prifm,  terminated  by  tetrahedral  pyramids,  with 
triangular  faces,  ( Antim  : fulphure  quadrioElonal 
of  Hauy.)  2.  The  fame  prifms,  bevilled  at  the 
acute-angled  edges,  and  terminated  by  tetra- 
hedral pyramids  with  trapezoidal  faces,  ( A.  S. 
fexoElonal  of  Hauy.)  It  alfo  occurs  in  bundled 
or  diverging  needles,  or  in  obfcure  cylindroids. 
The  furface  of  the  cryftals  is  always  ftriated 
longitudinally,  and  is  commonly  of  a very  bril- 
liant metallic  luftre.  The  internal  luftre  is 
fometimes  much,  fometimes  little-ftiining.  The 
fradlure  is  ftriated,  either  broad  or  narrow ; 
radiated,  diverging  or  implicated : when  the 
ftrite  are  very  broad,  they  give  almoft  a foliated 
appearance,  and  being  very  brilliant,  fuch  fpeci- 
mens  have  obtained  the  name  of  Specular  Anti- 
mony. It  flies,  when  broken,  into  irregular 
prifmatic  or  long-granular  fragments  ; is  tender 
and  fomewhat  brittle.  Sp.  grav.  from  4.13  to 
4.5  x.  According  to  the  analyfis  of  Bergman,  it 
confifts  of  74  antimony  and  26  fulphur,  per  cent. 
The  Hungarian  antimony  alfo  contains  a variable 
proportion  of  gold. 

This  variety  is  the  commoneft  of  all  the 
antimonial  ores.  It  is  procured  in  Hungary,  at 
Felfobanya,  and  Kremnitz  ; at  Dravitza,  in  the 
Bannat;  at  Braunfdorf  and  Rochlitz,  in  Saxony; 
at  Lubillac,  in  Auvergne,  and  at  Allemont,  in 
Dauphine,  in  France  ; at  Pereta,  in  Tufcany ; 
in  Cornwall,  in  England  ; alfo  in  Spain,  Mexico, 
and  Siberia.  The  moft  fplendid  iridefcent  fpe- 
cimens  come  principally  from  Hungary  and 
Auvergne. 

It  is  found  for  the  moft  part  in  micaceous 
fhiftus  and  clay  porphyry,  mixed  with  pyrites 
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and  oxyds  of  iron.  Its  gangue  in  Hungary  is 
fulphated  barytes,  but  ell'ewhere  quartz ; or, 
rarely,  calcareous  fpar,  fluor  fpar,  or  chalcedony. 

Var.  4.  Plumofe.  ( Federerz  : Antim.  Jitlph. 
argifenlifcre  of  Hauy.) 

Its  colour  is  fteel-grey,  palling  into  greyifh 
black,  lead  or  fmoak-grey ; by  expofure  to  the 
air  it  tarnilhes  to  an  iridefcent  blue  or  yellow. 
It  occurs  in  minute  capillary  cryftals,  invefting 
the  furface  of  other  minerals  with  a delicate 
down  or  wool ; the  cryftals  are  often  fcarcely 
vifible  to  the  naked  eye,  and  fo  interlaced  as  to 
appear  like  an  amorphous  cruft.  The  external 
luftre  of  this  mineral  is  femi-metallic,  little- 
fhining.  Its  fraddure  is  confufedly  fibrous.  It 
is  very  tender,  almoft  friable.  Sp.  grav.  3.57. 

Before  the  blowpipe  it  emits  a fmoak  that 
depofits  a white  and  yellow  powder  on  the 
charcoal,  and  the  refiduum  melts  into  a black 
flag.  It  has  not  yet  been  accurately  analyfed, 
but  according  to  Bergman  confifts  of  antimony, 
iron,  arfenic,  fulphur,  and  fometimes  filver. 
The  proportion  of  the  laft  ingredient  is  very 
variable,  never  exceeding  4 per  cent,  it  is  there- 
fore improperly  ranked  by  fome  mineralogifts 
among  the  filver  ores. 

It  is  upon  the  whole  a mineral  of  rare  occur- 
rence, and  is  found  chiefly  at  Freyberg  and 
Braunfdorf,  in  Saxony  ; and  at  Stollberg,  in  the 
Hartz  •,  alfo  at  Schemnitz,  in  Hungary.  It  is 
accompanied  by  quartz,  calcareous  fpar,  brown 
fpar,  galena,  martial  pyrites,  and  blende. 

Sp.  III.  Red  Antimony.  Roth  Spiesg/as  erz. 
Antimoine  hydrofulphure  of  Hauy. 

The  colour  of  this  mineral  is  a cherry  red, 
more  or  lefs  deep,  palling  on  the  furface  into 
brown,  reddifh,  or  bluifh.  It  occurs  fometimes 
mafiive  or  difleminated,  but  moft  commonly  in 
minute  capillary  cryftals,  either  radiating  or  im- 
plicated. Its  luftre  is  little  Ihining,  vitreous ; 
its  fratfture  is  fine  and  irregularly  fibrous.  It  is 
opaque,  brittle,  almoft  friable  : fp.  grav.  4 to  4.7. 

It  melts  eafily  before  the  blowpipe  and  eva- 
porates, giving  out  at  the  fame  time  a feeble 
fulphureous  odour.  Red  antimony  has  fome- 
times been  confounded  with  the  red  filky  oxyd 
of  copper  : this  latter,  however,  is  of  a brighter 
red  colour,  and  diflolves  with  effervefcence  in 
nitrous  acid,  communicating  to  the  folution  a 
green  tinge;  the  antimonial  ore,  on  the  con- 
trary, is  infoluble  in  nitrous  acid,  and  by  the 
a£tion  of  this  fluid  is  covered  fuperficially  with 
a white  cruft.  No  accurate  analyfis  has  yet 
been  made  of  this  mineral : it  was  formerly  fup- 
pofed,  on  account  of  its  colour,  to  contain 
arfenic  and  fulphurettqd  antimony;  according 


to  Sage  it  is  a native  kermes,  or  hydrofulphuret 
of  antimony : thus  much,  however,  is  certain, 
that  it  occurs  in  the  crevices  and  invefting  the 
furface  of  the  common  grey  fulphuret  of  anti- 
mony, and  appears  to  originate  from  this  by  the 
procefs  of  fpontaneous  decompofition : the  amor- 
phous or  maffive  variety  is  frequently  ftudded 
with  octahedrons  of  native  fulphur. 

It  is  found  at  Braunfdorf,  in  Saxony;  Malazka 
and  Kremnitz,  in  Hungary ; and  Allemont,  in 
Dauphine. 

Sp.  IV.  White  Antimony.  Muriated  A.  of 
Kirwan  ; Weifs  Spiefglaferz  ; Antimoine  oxyd'e  of 

Hauy. 

The  colour  of  this  mineral  varies  from  fnow- 
white  or  yellowilh  white  to  greyilh  and  afh-grey. 
It  is  found  rarely  in  mafs ; more  frequently  in 
the  form  of  ftars  or  diverging  needles,  upon  the 
furface  of  other  fubftances  ; alfo  cryftallized,  in 
the  form  of  tables,  with  four  rectangular  faces, 
or  cubes,  or  tetrahedral  prilms,  which  are 
accumulated  together  in  bundles  or  cells.  The 
furface  of  the  cryftals  is  fmooth,  or  longitudinally 
ftriated  and  very  brilliant.  The  fraCture  is  ftrait- 
foliated,  exhibiting  a bright  vitreous  luftre, 
palling  into  the  pearly.  It  is  tranflucid,  brittle, 
tender  and  heavy. 

In  entire  cryftals  it  decrepitates  before  the 
blowpipe,  but  when  pulverized  it  melts  quietly 
and  without  difficulty,  giving  out  a white  va- 
pour, and  by  degrees  entirely  evaporates.  Be- 
tween two  coals  it  may  be  reduced  to  the  metallic 
ftate.  The  tabular  cryftals,  according  to  Kla- 
proth, are  compofed  of  oxyd  of  antimony  with 
muriatic  acid.  The  needle-fhaped  variety  from 
Dauphine,  has  been  analyfed  by  Vauquelin,  and 
appears  to  contain 

86  oxyd  of  antimony, 

3 oxyd  of  iron  and  oxyd  ojf  antimony, 

8 filex, 

97 

3 lofs 
100 


White  Antimony  is  an  extremely  rare  mineral : 
the  tabular  kind  is  principally  found  at  Przibram, 
in  Bohemia,  on  the  furface  of  galena;  the 
fibrous  variety  comes  from  the  mountain  Cha- 
lanches,  near  Allemont,  in  Dauphine.  It  is 
probable,  however,  that  two  diftinCI  fpecies  are 
confounded  together  under  the  appellation  White 
Antimony  ; the  one  being  muriat  of  Antimony 
in  tabular  cryftals,  from  Bohemia ; the  other 
being  oxyd  of  Antimony,  in  bundled  fibres, 
from  Allemont 
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Sp.  V.  Antimonial  Ochre  •,  Spiefglas  okker  ; 
V ochre  d' Antimoine  of  Brochant. 

The  colour  of  this  fubftance  is  ftraw  or 
lemon  yellow,  palling  to  yellowifh  grey.  It 
occurs  in  mafs,  difleminated,  or  inverting  ; it  is 
without  luftre,  has  a fine  earthy  fradture,  is 
foft,  heavy,  and  brittle. 

Before  the  blowpipe  it  becomes  white,  and 
volatilizes  without  melting  ; it  effervefces  when 
fufed  with  borax,  and  is  in  part  reduced  to  the 
metallic  (late.  It  has  not  yet  been  analyfed, 
but  is  fuppofed  by  Karften  to  be  an  oxyd  of 
Antimony.  It  occurs  in  fmall  quantities  at 
Braunfdorf,  in  Saxony,  and  in  Hungary,  mixed 
with  grey  and  red  Antimony. 

Sp.  VI.  Yellow  Antimony  ; Gelb  fpiefglas 
erz  ; La  mine  d’ Antimoine  jaune  of  Brochant. 

The  colour  of  this  mineral  is  orange  or  wax- 
yellow,  or  yellowifh  white,  often  becoming 
dulky  by  expofure  to  the  air.  It  is  found  crys- 
tallized in  ftriated  interlaced  needle-fhaped 
prifms,  or  in  quadrilateral  tables  : it  is  fhining, 
and,  when  black,  poflefles  a metallic  luftre ; it 
is  foft,  flexible,  and  heavy. 

Before  the  blowpipe  it  melts  without  much 
difficulty  into  a dark-grey  friable  flag,  containing 
a fmall  grain  of  metal.  It  is  not  volatilizable, 
neither  does  it  inflame.  This  fubftance  has  not 
been  analyfed,  and  it  refts  on  the  foie  authority 
of  Count  Rafumoufky  and  Baron  Born ; the 
former  of  whom  found  it  in  a vein  of  grey 
fulphuretted  Antimony  at  Faucigny,  in  Savoy  ; 
it  has  alfo  been  found  at  Malazka,  in  Hungary. 
By  Rafumoufky  it  is  confidered  as  a phofphat 
of  Antimony,  whereas  Born  fuppofed  it  to  be  a 
combination  of  the  muriats  of  antimony  and 
lead. 

We  are  as  yet  but  very  imperfe£tly  acquainted 
with  the  compofition  of  molt  of  the  antimonial 
ores;  it  is  impoffible,  therefore,  to  give  a very 
correct  method  of  performing  this  analyfis. a 
The  native  antimony,  being  an  alloy  of  antimony 
and  arfenic,  is  bell  decompofed  by  Solution  in 
nitro-muriatic  acid  and  precipitation  by  pure 
water.  For  this  purpofe  reduce  the  ore  to  fine 
powder,  and  digelt  it,  at  a moderate  heat,  in  an 
acid  compofed  of  nitric  acid,  fp.  gr.  1.25  one 
part,  ftrong  muriatic  acid,  three  parts ; in  this, 
both  the  antimony  and  arfenic  will  be  diflolved, 
and  the  addition  of  pure  water  will  precipitate 
the  antimony,  leaving  the  arfenic  in  folution. 
The  analyfis  of  this  ore  may  likewife  be  effetted, 
perhaps  with  Superior  accuracy,  by  digeftion  in 
ftrong  boiling  nitric  acid,  which  will  acidify  and 
diflolve  the  arfenic,  leaving  the  antimony  behind 


in  the  ftate  of  white  oxyd,  which  may  after- 
wards be  diflolved  by  nitro-muriatic  acid,  and 
precipitated  by  water. 

The  grey  fulphurets  of  antimony,  when  not 
cryftallized,  are  Seldom  perfe&ly  pure,  but  con- 
tain in  combination  or  intimate  mixture,  iron, 
lead,  copper,  and  Silver;  to  which  muff  be 
added  the  earths  compofing  the  ftony  gangue, 
from  which  they  cannot  be  perfettly  Separated 
previoufly  to  analyfis.  With  thefe  compound 
ores  the  beft  method  of  proceeding  is  to  take 

(a)  500  grains,  finely  pulverized,  and  digeft  it 
with  1500  grains  of  pure  nitric  acid,  fp.  gr.  1.25 
and  1000  grains  of  water  for  about  half  an 
hour,  at  the  temperature  of  150°  Fahr.  then 
pour  in  a quantity  of  pure  water  equal  to  the 
reft  of  the  fluid,  mix  the  whole  well  together, 
and  pour  off  the  liquor  as  foon  as  it  becomes 
clear;  it  will  confift  of  the  nitrats  of  Silver, 
lead,  and  copper,  with  probably  a little  iron, 
diflolved  in  an  excefs  of  acid.  The  iron  may 
now  be  Separated  in  the  ftate  of  red  oxyd  by 
Ample  boiling,  and  fubfequent  filtration.  Then 

(b)  drop  muriat  of  Soda  into  the  folution,  as  long 
as  any  precipitate  takes  place,  and  allow  the 
whole  to  Stand  till  the  Supernatant  fluid  becomes 
perfebtly  clear;  the  precipitate  is  pure  muriat 
of  Silver,  which,  being  feparated  and  walhed, 
may  be  mixed  v/ith  two  or  three  times  its 
weight  of  dry  pearlafh,  and  reduced  by  fufion 
to  the  metallic  ftate. 

( c ) The  folution  ( b ) muft  now  be  faturated  by 
potafh  or  foda,  and  concentrated  by  evaporation 
to  about  one-third  of  its  bulk;  cauftic  ammonia, 
in  excefs,  being  then  added,  the  lead  will  be 
precipitated  as  white  oxyd,  and  the  copper  will 
remain  in  folution.  The  lead,  by  fufion  with 
black  flux,  will  be  reduced  to  the  metallic  ftate. 

( d ) The  folution  ( c ) is,  laftly,  to  be  Slightly  aci- 
dulated with  nitrous  acid,  from  which  carbonat 
of  potafh  will  throw  down  the  green  oxyd  of 
copper,  and  this  may  be  brought  by  a low  red 
heat  to  the  ftate  of  brown  oxyd,  100  parts  of 
which  denote  85  of  metal. 

(e)  The  portion  of  ore  infoluble  in  the  procefs 
(a)  is  to  be  digefted,  at  a temperature  Somewhat 
inferior  to  boiling  with  fucceffive  portions  of 
nitro-muriatic  acid  (confifting  of  nitric  acid  fp. 
gr.  1.25  one  part,  ftrong  muriatic  acid  three 
parts)  as  long  as  any  thing  is  taken  up ; the 
Solutions  being  then  mixed  and  concentrated  by 
evaporation,  are  to  be  poured  into  a confider- 
able  quantity  of  pure  water;  an  immediate 
precipitate  of  white  oxyd  of  antimony  will  take 
place,  which,  being  feparated  and  wafhed,  and 
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mixed  with  twice  its  weight  of  crude  tartar, 
and  a little  nitre,  is  eafily  reduced  by  a full  red 
heat  continued  for  a few  minutes  to  a metallic 
button. 

(/)  The  folution  ( d ) contains  now  only  a little 
fulphuric  acid  and  iron,  with  fome  earthy 
matter.  The  addition  of  nitrat  of  barytes,  as 
long  as  any  precipitate  falls  down,  indicates  the 
quantity  of  fulphur ; after  which,  an  excefs  of 
cauftic  potafh,  aflifted  by  a boiling  heat,  will 
throw  down  the  iron,  and  retain  the  alumine 
and  filex. 

( g ) The  infoluble  refidue  of  procefs  ( d ) con- 
taining only  fulphur  and  earth,  is  decompofed  by 
ignition,  the  fulphur  flying  ofl^  and  the  earth 
remaining. 

Thus  the  quantity  of  antimony  is  obtained  by 
procefs  ( e ) ; 

of  fulphur  and  earth  by  (f)  and  (g)  ; 
of  iron  by  ( a ) and  (f)i 
of  filver  by  ( b ) 
of  lead  by  (c)  •> 
of  copper  by  ( d ). 

The  grey  fulphuret  of  antimony  is  the  only 
ere  of  this  metal  which  is  found  in  fufficient 
quantity  for  the  purpofes  of  commerce,  and  it  is 
fitted  for  market  in  the  large  way  by  Ample 
fufion. b For  this  purpofe  the  ore  being  drefled 
and  feparated  from  the  greater  part  of  its  ftony 
gangue  by  hand,  is  placed  in  the  bed  of  a rever- 
beratory furnace,  and  covered  with  charcoal 
powder  $ being  then  brought  to  a low  red  heat, 
the  fulphuret  of  antimony  enters  into  fufion, 
while  the  earthy  parts  float  on  the  furface,  and 
are  taken  off  with  a rake  or  ladle  j the  fluid 
portion  is  then  call  into  the  form  of  loaves  or 
large  cakes,  and  is  fit  for  fale,  forming  the  com- 
mon or  crude  antimony  of  the  {hops.  The  old 
method  of  obtaining  crude  antimony,  and  which 
is  flill  pra£f  ifed  in  fome  of  the  French  founderies, 
was  by  means  of  an  apparatus  confifting  of  a 
large  crucible,  the  bottom  of  which  was  perfo- 
rated, and  inferted  into  the  wide  end  of  a conical 
tube,  paffing  through  the  furnace,  and  termi- 
nating in  an  earthen  pot  or  refervoir.  The 
crucible  was  filled  with  ore  broken  into  fmall 
pieces,  a cover  was  luted  on,  and  by  the  applica- 
tion of  a moderate  heat,,  the  liquefied  antimony 
dropped  through  the  tube  into  the  refervoir 
below,  while  the  ftony  parts  were  detained  in 
tine  crucible^ 

From  the  crude  or  fulphuretted  antimony 
thus  prepared,  there  are  feveral  methods  of 
feparating  the  fulphur,  and  procuring  the  metal 
in.  a ftate  of  purity  •,  the  belt,  and  which  is  the 


moft  ufed  in  proceffes  in  the  great  way,  is  the 
following. 

Reduce  the  fulphuret  to  fmall  pieces,  and 
ftrew  it  evenly  and  thinly  on  the  floor  of  a 
reverberatory  furnace,  in  order  to  drive  off  the 
fulphur  by  roafting.  The  heat  at  firft  muft  be 
very  gentle,  fcarcely  exceeding  that  required 
for  the  fufion  of  tin,  otherwife  the  antimony 
will  clog  or  even  melt : in  a fhort  time  a lam- 
bent blue  flame,  proceeding  from  the  combuftion 
of  the  fulphur,  will  appear  over  the  furface  of 
the  ore,  which,  at  the  fame  time,  will  begin  to 
lofe  its  metallic  luftre,  and  be  converted  into  a 
greyifh  oxyd.  By  affiduoufly  ftirring  the  ore, 
and  cautioufly  increafing  the  temperature  as  its 
fufibility  decreafes,  it  will,  in  the  courfe  of  fome 
hours,  ceafe  to  emit  fulphureous  vapours,  and 
bear  a moderate  red  heat  without  melting. 
The  roafting  is  now  finifhed,  and  when  the  ore 
is  removed  from  the  fire,  and  becomes  cool,  it 
will  be  found  converted  into  an  afh-grey  oxyd, 
weighing  from  thirty  to  thirty-fix  per  cent,  lefs 
than  the  original  fulphuret,  and  ftill  by  no 
means  entirely  free  from  fulphur.  In  order  to 
obtain  the  regulus  from  this  grey  oxyd,  it  is  to 
be  mixed  with  half  its  weight  of  crude  tartar, 
and  expofed  to  a full  red  heat  in  a covered  cru- 
cible. The  carbonaceous  part  of  the  tartar 
decompofes  the  oxyd,  and  the  antimony,  reduced 
to  the  metallic  form,  colle£fs  itfelf  in  a mafs  at 
the  bottom  of  the  crucible,  except  a variable 
proportion,  which  is  held  in  folution  by  the  ful- 
phuret of  potafh  formed  by  the  alkaline  bafe  of 
the  tartar  and  the  fulphur  of  the  oxyd.  The 
quantity  of  metal  thus  obtained  in  the  large 
way,  equals  from  66  to  70  per  cent,  of  the 
oxyd  employed ; but  a much  greater  lofs  will  be 
obferved,  if  the  ore  has  not  been  properly  roafted. 
The  method  followed  by  T.  Kunkel  appears, 
however,  on  the  whole,  to  be  better  and  more 
economical  than  the  common  pra&ice.  He 
mixes  the  roafted  oxyd  with  oil  or  fat,  and  a. 
little  powdered  charcoal,  puts  the  mafs  into  a 
crucible  to  melt,  and  as  foon  as  the  regulus 
begins  to  fhow  itfelf,  inje£ts,  by  degrees,  fome 
powdered  nitre,  in  the  proportion  of  an  ounce 
to  a pound  of  oxyd  the  matter  foon  appears  in 
thin  fufion,  and  on  being  poured  out  affords  a 
pure  regulus,  in  confiderably  greater  proportion 
than  is  obtainable  by  the  ufual  way  of  operating. 

The  expence  of  nitre  and  tartar  in  preparing 
regulus  of  antimony  in  large  quantities,  for  the 
purpofe  of  commerce,  is  very  confiderable,  in 
confequence  of  which  a fieries  of  experiments 
were  undertaken  by  Haffenfratz,  Vauquelin, 
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and  Bouillon  la  Grange, c in  order  to  af- 
certain  whether  the  ufe  of  thefe  fubftances 
could  be  fuperfeded  by  cheaper  materials.  In 
the  profecution  of  this  enquiry,  different  por- 
tions of  the  roafted  ore  were  mixed  with 
charcoal  powder,  with  tallow,  and  with  pitch, 
and  expofed  in  covered  crucibles  to  a heat  fuf- 
ficient  for  their  redu&ion  : the  crucibles  being 
then  withdrawn  were  found  to  contain  only  a 
little  carbonaceous  matter,  and  a few  minute 
globules  of  antimony,  all  the  reft  being  evapo- 
rated. Some  grey  oxyd  was  then  mixed  with 
i ft.  two  parts  of  lime  and  one  of  clay;  2d. 
equal  parts  of  fulphat  of  barytes,  chalk  and 
clay  ; 3d.  with  common  fait ; 4th.  with  fulphat 
of  foda  : and  the  materials  being  ftrongly  heated, 
were  all  found  converted  into  yellow  glaffes, 
without  any  appearance  of  regulus.  Thefe  being 
each  pulverized,  and  mixed  with  charcoal  pow- 
der, were  again  heated  as  before,  and  produced 
only  vitreous  fcoriae,  with  a few  minute  globules 
of  antimony.  Laftly,  fome  of  the  fame  grey 
oxyd  being  fluxed  with  half  its  weight  of  tartar, 
yielded  a perfedf  button  of  pure  antimony. 
Hence  it  appears  that  potafh  (and  probably  the 
fixed  alkalies  in  general,)  exert  fome  fpecific 
adlion  On  antimonial  oxyd,  which  renders  it 
much  more  fixed  while  converting  into  regulus, 
than  when  mere  carbonaceous  or  even  vitrefcent 
fluxes  are  made  ufe  of. 

The  rnoft  expeditious,  though  at  the  fame 
time  the  rnoft  expenfive  and  inaccurate  manner 
of  procuring  the  regulus  of  antimony,  is  by 
fcorifieation.  For  this  purpofe  eight  parts  of  the 
grey  fulphuret  are  reduced  to  a fine  powder, 
and  mingled  with  fix  parts  of  tartar  and  three 
of  nitre.  The  mixture  is  projected  gradually 
into  a red  hot  crucible,  till  it  is  nearly  filled,  a 
flight  detonation  taking  place  at  each  fucceflive 
projection  : the  crucible  is  now  clofed  with  its 
cover,  and  a briflc  heat  being  applied  for  nearly 
half  an  hour,  the  contents  are  either  fuffered  to 
cool  in  the  crucible  or  are  poured  into  a greafed 
and  heated  iron  cone.  The  upper  part  of  the 
mafs  confifts  of  alkaline  fcoriae,  holding  in  fo- 
lution  a portion  of  antimonial  oxyd,  beneath 
which  is  a button  of  pure  antimony,  weighing 
between  three  and  four  eighths  of  the  original 
fulphuret  Some  advife  that  the  nitre  and  tartar 
fhould  be  detonated  together  before  the  crude 
antimony  is  added ; but  this  is  decidedly  an  in- 
judicious way  of  proceeding,  the  ufe  of  the  nitre 
being  not  to  alkalize  the  tartar  but  to  oxygenate 
the  fulphur ; hence  it  is  probable  that  the  yield 
of  regulus  would  be  increafed  by  firft  detonating 
z Ann.  de  Chim.  * Sur  l’Antimoinc.  • JLeme. 


together  the  nitre  and  fulphuret,  and  not  adding 
the  tartar  till  towards  the  end  of  the  procefs. 

An  excefs  of  nitre  or  tartar,  or  both,  is  care- 
fully to  be  avoided,  as  it  not  only  enhances  the 
expence  but  diminifhes  the  produce.  Lemeryd 
found  that  fixteen  ounces  of  fulphuretted  anti- 
mony, mixed  with  an  equal  weight  of  nitre, 
and  the  fame  of  tartar,  yielded  only  five  ounces 
and  a half  of  regulus  ; whereas  fixteen  ounces 
of  fulphuret,  twelve  ounces  of  tartar,  and  fix 
ounces  of  nitre,  afforded  fix  ounces  and  one  dram 
of  regulus. 

There  is  yet  another  way  of  feparating  tire 
regulus  of  antimony  from  the  fulphur  with 
which  it  is  naturally  combined,  by  taking  ad- 
vantage of  the  fuperior  affinity  for  fulphur  which 
other  metals  poffefs  over  antimony.  There  are 
five  metallic  fubftances  capable  of  decompofing 
crude  antimony  with  greater  or  lefs  accuracy, 
by  being  fufed  together  with  it ; thefe  are  iron, 
copper,  lead,  filver,  and  tin ; only  the  former 
is  at  prefent,  however,  made  ufe  of,  as  it  is 
both  cheaper  and  more  effectual  than  any  of  the 
reft.  The  antimony  procured  by  this  method 
was  called  by  the  old  chemifts  Martial  regulus, 
on  account  of  the  ufe  of  iron  in  its  preparation, 
a name  which  may  very  properly  be  retained,  as 
it  is  impoffible  by  any  other  means  than  folution 
in  acids  to  render  this  regulus  abfolutely  free 
from  iron : in  ftrictnefs,  therefore,  it  ought  to 
be  confidered  as  antimony  alloyed  with  a fmall 
and  ‘Variable  proportion  of  iron.  In  order  to 
prepare  the  martial  regulus  as  free  from  iron  as 
poffible,  the  following  method,  recommended 
by  Lemery  and  Beaume, e appears  upon  the 
whole  to  be  the  beft.  Take  eight  ounces  of 
horfe-fhoe  nails,  and  heat  them  in  a crucible 
almoft  to  whitenefs  ; then  add  fixteen  ounces  of 
coarfely  pounded  crude  antimony ; cover  the 
crucible  and  keep  up  the  fire  ; in  a few  minutes 
the  whole  will  be  melted  ; at  which  time  add 
by  degrees  three  ounces  of  nitre : after  a flight 
detonation  has  taken  place,  and  the  whole  is 
brought  to  a ftate  of  perfect  fufion,  pour  it  into 
an  iron  cone,  previoufly  heated  and  greafed,  and 
ftrike  the  fides  of  it  gently  as  the  mafs  becomes 
folid,  to  favour  the  precipitation  of  the  regulus. 
When  cold  it  will  be  found  to  eonfift  of  a mafs 
of  antimony,  weighing  about  ten  ounces,  covered 
by  an  alkaline  ferruginous  fcoria,  from  which 
it  may  be  readily  feparated  by  a blow  with  a 
hammer.  The  regulus,  however,  ftill  contains 
not  only  iron  but  fulphur ; it  mu  ft  therefore  be 
remelted,  and  two  ounces  of  crude  antimony, 
and  three  ounces  of  nitre  are  then  to  be  added ; 
fur  l'Antimoine.  Beaume  Chimie  expcrimentale. 
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when  all  detonation  lias  ccafed,  pour  it  into  a 
cone  as  before,  and  feparate  the  regulus  from 
the  fcoriae.  Remelt  the  regulus,  and  project 
upon  it  three  ounces  of  nitre,  then  feparate  this  . 
purified  regulus  from  the  fcoriae,  and  once 
more  melt  it  with  a ftrong  and  rapid  heat ; 
project  upon  it,  by  degrees,  three  ounces  of 
nitre,  and  immediately  after  pour  it  into  a cone  : 
there  will  be  obtained  about  eight  ounces  of  a 
beautiful  flellated  regulus,  covered  with  yellowifh 
white  fcoriae.  In  this  procefs  the  materials 
employed  are,  eighteen  ounces  of  fulphuret, 
eight  ounces  of  nails,  and  twelve  ounces  of 
nitre ; four  feparate  fufions  are  required,  and 
the  produCt  is  eight  ounces  of  regulus. 

The  martial  regulus  may  be  procured  in  a 
more  expeditious  way,  though  not  fo  free  from 
Iron,  by  bringing  five  ounces  of  horfe-ffioe  nails 
to  a white  heat  in  a crucible,  and  then  adding 
fixteen  ounces  of  crude  antimony : as  foon  as 
the  whole  is  in  very  liquid  fufion,  projett,  at 
feveral  times,  one  ounce  of  pulverized  nitre ; 
when  the  detonation  has  entirely  cealed,  put  on 
the  cover  of  the  crucible,  raife  the  heat  for  a 
few  minutes,  then  remove  the  crucible  from 
the  furnace,  and  allow  it  to  cool  very  gradually  ; 
.there  will  be  found  beneath  the  fcoriae  about 
feven  ounces  of  regulus. 

Perfe&ly  pure  antimony,  whether  procured 
by  roafting  or  fcorification,  is  a metal  of  a dufley 
white  colour,  between  that  of  tin  and  iron,  and 
exhibits,  when  recently  broken,  a remarkable 
degree  of  brilliancy : it  is  entirely  dqftitute  of 
ductility,  and  may,  without  much  difficulty,  be 
reduced  by  trituration  to  a fine  powder ; it  is 
moderately  hard,  yielding  eafily  to  a common 
knife  : its  fufibility  is  rather  lefs  than  that  of 
zinc,  as  it  requires  a low  red  heat  to  be  kept  in 
a liquid  (late.  Its  fpecific  gravity,  according  to 
Bergman,  is  6.86;  but  by  the  experiments  of 
Briffon,  amounts  only  to  6.702.  Its  fra&ure  is 
generally  broad- foliated,  but  fometimes  the 
facets  are  fo  minute  as  to  give  it  almoft  a gra- 
nular appearance : the  magnitude  of  the  plates 
of  which  it  is  compofed,  depends  for  the  moft 
part  on  the  flownefs  with  which  it  is  cooled. 
The  primitive  cryftalline  form  of  antimony  has 
not  yet  been  afeertained ; Hauy  has  found  that 
it  is  divifible,  at  the  fame  time  parallel  to  the 
faces  of  a regular  oChahedron,  and  of  a rhom- 
boidal  dodecahedron.  If  a large  crucible  is  filled 
with  melted  antimony,  and  allowed  to  cool  very 
gradually,  and  if,  as  foon  as  a cruft  has  formed 
on  the  furface,  the  fluid  beneath  is  poured  out, 
by  inclining  the  veffeland  breaking  a fmall  hole 


in  the  cruft,  the  hollow  will  be  found  ftudded 
with  various  cryftalline  groups,  conlifting  of 
cubes,  of  lengthened  rectangular  parallelepipeds, 
and  of  ramifications  made  up  of  fmall  o£ta- 
hedrons,  implanted  into  each  other,  or  aggre- 
gated into  a furrowed  trihedral  pyramid.  The 
ftrong  tendency  of  antimony  to  afl'ume  a cryf- 
talline form,  is  alfo  iliewn  by  the  appearance  of 
a radiated  ftar,  or  pinnated  leaves,  like  thofe  of 
fern,  with  which  the  furface  of  pure  antimony 
that  is  not  cooled  too  haftily  is  generally  covered: 
this  will  not  take  place  except  the  metal  is  pure 
or  nearly  fo,  hence  the  term  Jlellated.  is  nearly 
fynonimous  with  purified,  regulus.  By  the 
alchemifts  this  ftar  was  confidered  as  a myf- 
terious  guide  to  the  true  method  of  making 
gold,  which  accounts  for  the  vaft  number  of 
alchemical  procefi'es  that  are  recorded  relative  to 
this  metal. 

Antimony  is  but  very  little  difpofed  to  be 
aCled  on  by  air  and  moifture,  at  any  degree  of 
the  atmofpheric  temperature ; after  a confider- 
able  time,  however,  it  is  deprived  of  its 
luftre,  and  covered  with  an  extremely  thin  coat 
of  firmly  adhering  black  oxyd.  By  a low  red 
heat,  and  free  contaCb  with  the  air,  it  may  be 
entirely  converted  to  a whitifti  grey  oxyd,  which 
at  a higher  temperature  is  volatilizable,  and 
capable  of  being  more  highly  oxygenated.  When 
the  metal  is  made  to  boil  by  the  application  of 
an  almoft  white  heat,  and  then  expofed  to  a 
current  of  air,  it  is  rapidly  converted  into  a 
white  vapour,  which  condenfes  as  it  cools  into 
brilliant  cryftalline  needles,  of  a fnowy  or  filvery 
white,  which  have  obtained  the  name  of  argen- 
tine fowers  of  antimony,  or  fnonv  of  regulinc 
antimony.  In  order  to  prepare  this  oxyd  in  per- 
fection, and  with  economy,  the  belt  method  is  f 
to  place  a wide  cylindrical  earthenware  tube, 
clofed  up  at  one  end,  in  a wind  furnace,  fo  that 
it  fhall  remain  in  a flanting  direction,  with  the 
mouth  projecting  a little  way  through  a door, 
or  hole  in  the  fide  of  the  furnace ; and  to  pre- 
vent the  infide  of  the  tube  from  being  too  much 
cooled,  an  earthen-ware  ftopper  muft  be  fitted 
loofely  into  the  open  mouth  of  the  tube  : when 
the  bottom  of  this  veffel  is  red  hot,  introduce 
the  antimony  in  fmall  pieces,  and  clofe  the 
aperture  with  the  ftopper.  After  the  metal  is 
melted,  it  will  begin  to  fmoke,  and  the  oxyd 
will  he  depofited  in  (lender  cryftals  upon  the 
fides  of  the  tube,  whence  it  may  be  feraped  off 
from  time  to  time  with  a clean  iron  fpoon.  The 
iirft  cryftals  are  often  of  a yellowiffi  colour, 
perhaps  on  account  of  a fmall  portion  of  fulphur 
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yet  remaining  in  the  antimony,  thofe  that  fuc- 
ceed,  however,  are  of  a brilliant  filvery  white, 
without  the  fmalleft  tinge  of  any  other  colour. 
The  cryftalline  oxvd  is  a pure  faturated  com- 
bination of  antimony  and  oxygen,  in  the  pro- 
portion of  eighty  of  the  former  to  twenty  of  the 
latter,  according  to  the  analyfis  of  Thenard.  s 
In  many  of  its  properties  it  refembles  the  metallic 
acids : it  is  fparingly  foluble  in  water,  has  a 
decided  tafte,  combines  with  the  alkalies  into 
cryftallizable  falts,  and  may  be  again  feparated 
by  the  adtion  of  any  of  the  more  powerful 
mineral  acids.  When  heated  by  itfelf  in  a clofe 
veflel,  it  is  converted  by  the  firft  impreflion 
of  the  fire  into  a yellow  oxyd,  and  afterwards 
runs  down  into  a yellow  glafs,  containing  19 
per  cent,  of  oxygen  ; as  the  heat  increafes  it  af- 
iumes  a reddifh  brown  tint,  and  approaches 
nearer  and  nearer  to  the  metallic  Hate,  till  it  is 
finally  converted  into  black  oxyd,  holding  no 
more  than  2 per  cent,  of  oxygen.  The  argentine 
flowers,  by  hafty  fufion  in  a crucible,  are  con- 
verted into  a vitreous  mafs,  which  when  tranf- 
parenl  is  of  a yellowifh  orange  colour,  and  has 
obtained  the  name  of  glafs  of  antimony,  and 
when  opaque  is  of  a brown  colour,  and  is  called 
liver  of  antimony : thefe  preparations  are  now, 
however,  entirely  obfolete,  the  common  glafs 
and  liver  of  antimony  being  at  prefent  prepared 
from  the  fulphuretted  oxyd. 

We  now  come  to  confider  the  action  of  acids 
upon  reguline  antimony. 

The  Sulphuric  acid,  when  cold,  has  little  or  no 
a£tion  upon  this  metal ; but  when  boiling  hot, 
it  is  decompofed  with  great  rapidity,  accompa- 
nied by  a copious  extrication  of  fulphureous  acid 
gas  and  violent  effervefcence.  If  the  mixture  is 
diftilled  to  drynefs,  a finall  quantity  of  fulphur 
fublimes  into  the  neck  of  the  retort,  and  a mafs 
of  fulphated  oxyd  remains  at  the  bottom  of  the 
veflel.  When  the  procefs  is  flopped  fhort  of 
defecation,  a white,  foft,  moift,  and  bulky  mafs 
is  produced,  which,  when  wafhed  with  a little 
water,  depofits  a large  quantity  of  white  oxydj 
the  fupernatant  liquor  is  confiderably  acidulous, 
and  holds  in  folution  a little  antimonial  oxyd, 
which,  however,  is  feparated  by  the  addition  of 
a frefh  portion  of  water.  The  fame  effedt  is 
produced  by  Amply  heating  the  fluid,  or  by  the 
addition  of  an  alkaline  lixivium. 

The  Sulphureous  acid,  whether  hot  or  cold, 
appears  to  be  incapable  of  adding  on  reguline 
antimony : it  will  however  decompole  moft  of 
the  falts  of  this  metal,  efpecially  that  produced  by 
the  muriatic  acid  y a white  pulverulent  precipitate 


is  thrown  down  on  the  addition  of  fulphureous 
acid,  which  appears  to  be  a true  infoluble  ful- 
phate  of  antimony ; it  is  of  an  acrid  and  hnrfh 
tafte,  and  is  decompofable  by  mere  heat,  or  with 
extrication  of  fulphureous  acid  by  the  fulphu- 
ric.  In  the  former  cafe,  a reddifh  brown 
fulphuretted  oxyd  is  produced,  which  is  foluble 
in  caultic  potafh,  and  precipitable  by  muriatic 
acid,  from  its  folution  in  the  form  of  kermes  or 
hydrofulphu retted  oxyd  of  antimony. 

The  I\iitric  acid,  efpecially  when  fuming,  is. 
rapidly  decompofed  upon  antimony,  even  in  the 
cold  : a large  difengagement  of  nitrous  gas  takes 
place,  and  the  metal  is  converted  into  a white 
oxyd.  If  the  antimony  is  reduced  to  fine  pow- 
der, and  mingled  with  only  as  much  acid  as  is 
requifite  to  form  a thin  half  fluid  mafs,  the 
mutual  action  of  the  ingredients  is  fo  rapid  as: 
to  caufe  actual  inflammation.  In  their  ftrong 
affinity  for  oxygen,  a remarkable  analogy  fub- 
fifts  between  antimony  and  tin ; for  not  only 
the  nitric  acid,  but  even  the  water  with  which 
it  is  mixed,  are  decompofed  by  the  antimony  ^ 
the  azot  of  the  former,  and  the  hydrogen  of  the 
latter  of  thefe  fluids  combine  during  their  nafeent 
ftate,  and  produce  ammonia,  which,  uniting 
with  part  of  the  undccompofed  acid,  occafions 
the  unexpected  appearance  of  cryftals  of  nitrated 
ammonia,  and  thefe  have  fometimes  been  mif- 
taken  for  nitrat  of  antimony.  The  prefence  o£ 
ammonia  in  the  white  oxyd,  thus  formed,  may 
be  further  fhown  by  mingling  it,  before  it  has 
been  wafhed,  with  quicklime,  or  cauftic  potafh, 
when  ammoniacal  gas  will  be  immediately  dif- 
engaged.  After  the  adtion  of  the  nitric  acid 
the  greater  part  of  the  antimonial  oxyd  will  be 
found  unditTolved  at  the  bottom  of  the  veflel, 
but  a fmall  portion  is  held  in  folution  by  the 
fupernatant  acid ; even  this  little,  however,  is  > 
pi'ecipitated  by  water,  by  evaporation,  or  by 
expofure,  for  a few  days,  to  the  open  air.  The 
white  nitrated  oxyd  appears  to  be  a faturated 
combination  of  antimony  with  oxygen,  in  the 
proportion,  according  to  Thenard,  of  70  of 
metal  to  30  of  oxygen.  It  is  confidered  as  one 
of  the  moft  refraiftory  and  irreducible  of  the 
metallic  oxyds,  when  treated  in  the  ufual  way 
with  the  common  fluxes  •,  but  when  mingled 
with  a little  regulus  of  antimony,  and  heated  in 
a elefe  veflel,  it  becomes,  in  fucceflion,  yellow, 
orange,  brown,  and  then  black,  in  which  ftate 
it  contains  only  2 per  cent,  of  oxygen,  and  is 
eafily  reducible  by  fufion  with  a little  tartar. 

Muriatic  acid,  when  heated,  is  capable  of  dif- 
folving  a fmall  proportion  of  antimony,  of  which-, 
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a part  is  again  depofited  in  the  form  of  a white 
oxyd,  as  the  liquor  cools  ; the  remainder,  by 
gentle  evaporation,  may  be  obtained  in  fmall 
needle-fliaped  deliquefcent  cryftals.  If  oxyd  of 
antimony  is  fubftituted  for  the  pure  metal,  a 
confiderably  greater  proportion  is  taken  up  by 
the  acid;  this  muriat,  according  to  Monnet,  cryf- 
tallizes  in  brilliant  plates,  like  boracic  acid,  and 
is  decompofable  by  water. 

Muriat  of  antimony,  when  deprived  of  its 
fuperfluous  water  by  gentle  evaporation,  fo  as 
to  be  of  a thick  honey-like  confidence,  is  vola- 
tilizable  without  decompofition  by  a moderate 
heat  in  clofe  veflels,  and  concretes  in  the  form 
of  a foft,  white,  half-folid  mafs,  called  butter  of 
antimony . It  is  not,  however,  by  evaporation 
and  diftillation  of  the  liquid  muriat  that  butter 
of  antimony  is  ufually  prepared,  it  being  found 
more  effectual  and  economical  to  have  recourfe 
for  this  purpofe  to  one  or  other  of  the  follow- 
ing methods.  Take  one  part  of  reguline  anti- 
mony, and  two  or  two  and  a half  parts  of  cor- 
rofive  muriat  of  mercury  (corrofive  fublimate) 
mix  them  accurately  by  trituration  in  a Wedge- 
wood  ware  mortar,  and  then  transfer  the  mafs 
into  a wide-necked  glafs  retort,  fitted  with  a 
common  receiver;  a gentle  fand  heat  being 
applied,  there  will  firft  rife  a fmall  quantity  of 
a clear  liquid,  which  is  to  be  removed,  and 
afterwards  a thick  liquor  will  come  over,  and 
concrete  in  the  receiver  and  neck  of  the  retort 
into  folid  butter  of  antimony  : the  refidue  in 
the  retort  confilts  of  mercury  and  oxyd  of 
antimony,  combined  with  a fmall  proportion 
of  muriatic  acid.  The  caufe  of  this  change  is 
obvioufly  owing  to  the  fuperior  affinity  for 
oxygen  poflefled  by  the  antimony,  by  which 
both  the  oxygen  and  acid  are  transferred  from 
the  mercury,  and  combined  with  the  former 
metal,  while  the  feparation  of  the  butter  of 
antimony  from  the  oxyd,  and  from  the  running 
mercury  depends  on  its  greater  volatility. 
There  are  two  objections  however  to  this  pro- 
cefs;  firft,  that  if  an  excefs  of  corrofive  fubli- 
mate  is  made  ufe  of,  a fmall  portion  of  it  is  apt 
to  rife  with,  and  be  difl’olved  in  the  butter  of 
antimony ; fecondly,  that  if  there  is  an  excefs 
of  antimony,  the  produce  of  fait  is  very  mucli 
diminifhed.  A much  more  advantageous  way 
of  preparing  this  fait  is  to  take  equal  parts  of 
unwafed  fulphat  of  antimony  and  common  fait, 
and  diftil  the  mafs  to  dryneis.  Butter  of  anti- 
mony is  folid  at  the  ufual  temperature  of  the 
atmofphere,  but  liquefies  with  a very  gentle 
heat,  and  by  flow  cooling,  cryftallizes  in  paral- 
lelepipeds. It  is  intenfely  cauftic,  and  dcftroys 


the  organization  both  of  vegetable  and  animal 
fubftances ; by  expofure  to  the  air  and  light  it 
becomes  coloured,  and  deliquiates  into  a thick 
oleaginous  fluid  ; when  dropped  into  pure  water 
it  is  in  a.  great  part  decompofed,  a copious  white 
precipitate  being  thrown  down,  confifting  of 
oxyd  of  antimony,  combined  probably  with  a 
little  muriatic  acid  ; the  remainder  of  the  acid 
holding  a fmall  quantity  of  antimony,  {till  in 
folution,  mixes  with  the  water.  The  white 
precipitate  obtained  in  this  procefs,  after  being 
wafhed  and  dried,  forms  the  powder  of  Algaroth, 
(fo  called  from  Algarotti,  an  Italian,  its  inventor) 
or  Mercurius  vita.  If  fublimed  muriat  of  anti- 
mony is  mixed  with  an  equal  weight  of  nitric 
acid,  the  liquor  becomes  immediately  very 
highly  coloured,  copious  orange  fumes  are  dif- 
engaged,  a confiderable  heat  is  excited,  and  a 
white  oxyd  is  gradually  depofited.  If  before 
the  latter  effeCl  takes  place,  the  liquor  is  evapo- 
rated to  drynefs,  a pure  white  oxyd  remains 
behind,  and  this  again  abftraCled  with  nitric 
acid,  and  then  heated  to  rednefs  in  a crucible, 
aflumes  the  appearance  of  a pulverulent  mafs, 
white  externally,  with  a tinge  of  rofe  colour 
within  : it  was  known  by  the  old  chemifts,  and 
is  defer i'oed,  in  the  ancient  pharmacopoeias, 
under  the  name  of  Bezoar  mineral,  and  is  in  fa£t 
nothing  elfe  than  a very  perfect  oxyd  of  anti- 
mony. 

The  oxygenated  muriatic  acid,  when  in  the  ftate 
of  gas,  exerts  a very  ftriking  a£Hon  on  reguline 
antimony : if  this  metal,  previoufly  reduced  to 
fine  powder,  is  thrown  by  fmall  quantities  at  a 
time,  into  a vial  filled  with  the  acid  gas,  each 
parcel  will  take  fire,  and  burn  with  a bright 
flame,  throwing  out  at  the  fame  time  a number 
of  fparks,  and  forming  a beautiful  fhower  of 
fire  ; the  antimony  is  found  at  the  bottom  of  the 
veflel,  converted  into  the  white  muriatic  oxyd. 
The  liquid  acid  oxygenates  the  metal,  and  dif- 
folves  a fmall  part  of  it : but  it  has  not  yet  been 
afeertained  whether  this  compound  is  a muriat 
or  oxymuriat  of  antimony,  probably,  however, 
it  is  only  a muriat. 

The  belt  folvent  of  reguline  antimony  is 
nitro-muriatic  acid,  compofed  of  three  parts  of 
ftrong  muriatic  acid,  and  one  part  nitric  acid. 
If  the  acid  is  made  fomewhat  warm,  and  the 
metal  added  by  fmall  pieces  at  a time,  taking 
care  not  to  add  a fecond  till  the  preceding 
portion  is  completely  diflblved,  it  may  thus  be 
charged  with  a large  proportion  of  antimony,  a 
fmall  part  of  which  only  is  depofited  by  cooling. 
This,  however,  like  all  the  foregoing  antimoniai 
falts,  is  decompofable  by  the  addition  of  diddled 
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water  : a piece  of  iron  or  zinc  throws  down  the 
metal  in  the  ftate  of  black  oxyd,  which,  when 
dried  at  a low  temperature,  has  been  obferved 
by  Thenard,  to  exhibit  the  properties  of  a 
pyrophorus,  inflaming  fpontaneoufly  by  expo- 
lure  to  the  air. 

The  Fluoric  and  Boracic  acids  have  no  a&ion 
on  reguline  antimony,  but  when  digefted  on 
the  grey  oxyd  of  this  metal  they  combine  with 
it,  and  form  cryftallizable  falts,  the  properties 
of  which  have  not  yet  been  examined. 

The  arfenic  acid,  when  digefted  upon  reguline 
antimony,  produces  two  compound  fubftances  ; 
one  remains  infoluble  at  the  bottom  of  the  fluid, 
and  confifts  of  the  oxyds  of  arfenic  and  anti- 
mony, being  an  arfenite  of  antimony  ; the  other 
is  diffolved  in  the  fupernatant  liquor,  and  is 
either  a true  arfeniat  of  antimony,  or,  perhaps, 
differs  from  the  infoluble  refidue  only,  in  con- 
taining a fmaller  proportion  of  antimony.  The 
former  of  thefe  falts  is  foluble  in  muriatic  acid, 
from  which  it  is  precipitable  by  water.  hlf 
dry  arfenic  acid  and  regulus  of  antimony  are 
diftilled  together,  as  foon  as  the  mafs  becomes 
fluid,  an  inflammation  takes  place,  regulus  of 
arfenic  fublimes  into  the  neck  of  the  retort, 
and  what  remains  behind  is  a mixture  of  the 
oxyds  of  arfenic  and  antimony.  Arfenic  acid 
has  no  effeCl  on  the  fublimed  muriat  of  anti- 
mony, but  the  neutral  arfeniats  decompofe  it 
without  difficulty,  throwing  down  an  arfeniat  of 
antimony. 

The  effeCt  of  the  vegetable  acids  upon 
metallic  antimony  is  fcarcely  perceptible  : thofe 
however  of  its  oxyds  which  are  not  faturated 
with  oxygen  are  foluble  without  much  difficulty. 
Tartareoas  acid , by  long  digeftion,  may  be  made 
to  take  up  about  one-third  or  one-fourth  of  its 
own  weight  of  antimonial  oxyd  : the  folution, 
when  evaporated  and  cooled  down  to  the  proper 
temperature,  depofits  a few  cvyftalline  grains  of 
iartrile  of  antimony  ; by  far  the  greater  portion, 
however,  is  of  a gelatinous  confiftence,  and  has 
not  been  much  examined.  Tartrite  of  potafli 
will  alfo  take  up  nearly  as  much  antimonial 
cxyd  as  tartareous  acid  does;  the  liquor  be- 
comes flightly  alkaline,  and  depofits,  by  evapo- 
ration, a number  of  cryftalline  grains.  But 
the  combination  of  cream  of  tartar,  or  acidu- 
lous tartrite  of  potafli,  with  antimony,  com- 
monly known  by  the  name  of  emetic  tartar,  is 
that  which,  from  its  importance  in  medicine, 
has  been  the  mofl  accurately  examined. 

A folution  of  tartareous  acidulum  takes  up  at 
a boiling  temperature  a confiderable  proportion 


of  oxyd  of  antimony,  and  by  evaporation  and 
cooling  depofits  elongated  octahedral  cryftals  of 
emetic  tartar.  As,  however,  the  materials  of 
this  fait  are  hardly  ever  perfectly  pure,  and  as 
the  method  of  preparing  it  is  by  no  means  uni- 
form; the  efficacy  of  this  important  medicine 
is  liable  to  confiderable  variation,  as  well  as 
the  analyfes  that  have  been  publiffied  of  its 
component  parts.  Common  cream  of  tartar  is 
always  contaminated  with  a fmall  quantity  of 
tartrite  of  lime,  and  the  glafs  of  antimony  which 
is  the  antimonial  oxyd  generally  made  ufe  of, 
contains,  befides,  a variable  proportion  of  ful- 
phur,  as  well  as  fome  filex,  from  the  earthen 
crucibles  in  which  it  is  made,  and  which  are,  in 
fome  degree,  corroded  by  it.  In  order,  there- 
fore, to  prepare  a pure  and  uniform  emetic 
tartar  in  the  mofl  economical  manner,  the  fol- 
lowing diredions  mull  be  carefully  attended  to. 

Take  12  ounces  of  glafs  of  antimony,  and 
reduce  it  to  a very  fine  powder,  to  which  add  a 
boiling  hot  folution  of  16  ounces  of  cream  of 
tartar  in  14  quarts  of  rain  water  ; put  the  whole 
in  a proper  veffel  on  a digefling  fand  bath,  and 
keep  ftirring  it  with  a flick  for  the  fpace  of  half 
an  hour ; the  liquor  will  foon  be  covered  with 
a brownifh  froth,  and  fome  fulphuretted  hydro- 
gen gas  will  be  given  out ; when  the  difengage- 
ment  of  this  gas  begins  to  ceafe,  make  the 
folution  boil  gently  for  about  ten  minutes,  after 
which,  remove  the  vefl'el  from  the  fire,  and 
when  the  liquor  is  become  clear,  transfer  it  into 
a clean  evaporating  difh,  and,  by  a very  gentle 
heat,  reduce  it  almofl  to  drynefs,  in  order  to 
precipitate  the  filex,  which  would  otherwife 
convert  the  whole  to  a gelatinous  mafs,  and 
prevent,  in  a confiderable  degree,  the  after  cryf- 
tallization  : when  the  fait  is  nearly  dry,  add  hot 
water  as  long  as  any  thing  continues  to  be  dif- 
folved  ; then  flrain  the  liquor,  which  will  be  of 
a bright  wine  colour,  and  evaporate  it  to  a 
pellicle  : by  Handing  for  a night,  a number  of 
oCtahedral  and  tetrahedral  cryflals  will  be 
depofited,  which  are  pure  antimoniated  tartar, 
and  by  further  evaporation  and  cooling,  a frefh 
quantity  may  be  obtained,  being  altogether 
fomewhat  more  than  the  tartar  made  ufe  of. 
The  tafle  of  this  triple  fait  is  flightly  harffi  and 
metallic : it  reddens  vegetable  blues,  as  do 
almofl  all  the  other  metallic  falts.  When  expofed 
to  the  air  it  lofes  its  tranfparency,  and  becomes 
covered  over  with  a white  powder.  It  requires 
for  its  folution  about  forty  times  its  weight  of 
boiling  water  and  nearly  twice  as  much  as  the 
common  temperature.  Sulphuric  acid  precipi- 
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fates  from  it  a fulphated  oxyd  of  antimony, 
leaving  the  tartar  nearly  pure : the  alkalies, 
both  the  cauftic  and  carbonated,  effect  only  a 
partial  decompofition,  a loofe  white  oxyd  being 
precipitated  by  the  firft,  and  by  the  fecond,  a 
carbonated  oxyd,  which,  after  a time,  cryftal- 
lizes  in  the  form  of  divergent  rays.  If  either 
tartareous  acid,  or  tartrite  of  potafh,  is  added  to 
the  folution  of  antimoniated  tartar,  previoufly  to 
pouring  in  the  alkali,  there  will  be  no  precipi- 
tate, for  the  tartrite  of  potafh,  produced  by  the 
addition  of  the  alkali,  immediately  redifl'olves 
the  antimonial  oxyd.  A Ample  folution  of 
emetic  tartar  is  for  the  fame  reafon  incapable  of 
being  totally  decompofed  by  any  quantity  of 
alkali,  and  hence  probably  have  arifen  the  great 
feeming  differences  in  the  conftituent  parts  of  this 
fait,  according  as  it  has  been  analyfed  by  means 
of  a pure  alkali,  a carbonated  alkali,  or  other 
reagents.  According  to  Thenard  1 the  pure 
cryftals  of  emetic  tartar,  from  whatever  anti- 
monial oxyd  they  have  been  prepared,  and 
whatever  has  been  the  proportion  of  ingredients 
employed,  contain,  in  a given  weight,  precifely 
the  fame  quantity  of  antimony,  of  tartareous 
acid,  of  potafh  and  water,  and  even  the  degree 
of  oxydation  of  the  metal  is  alfo  invariable. 
His  method  of  analyfing  this  fait  is  firft  to 
afcertain  its  water  of  cryftallization,  by  drying 
in  a heat  juft  not  fufficient  to  decompofe  it ; 
fccondly,  to  diffolve  the  emetic  tartar,  and 
precipitate  the  antimony  by  fulphuretted  hydro- 
gen ; thirdly,  to  afcertain  the  tartareous  acid  by 
the  addition  of  acetite  of  lead,  as  long  as  any 
precipitate  is  produced  ; and  laftly,  to  deter- 
mine the  quantity  of  potafh,  by  igniting  the 
refidue,  and  extra£fing  the  alkali  by  diluted 
nitric  acid.  By  a very  careful  analyfis,  con- 
duced according  to  the  above  method,  M. 
Thenard  found  ioo  parts  of  emetic  tartar  to 
contain  38  oxyd  of  antimony, 

34  tartareous  acid, 

16  potafh, 

8 water, 

96 

4 lofs 
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but  the  tartareous  acidulum,  which  fupplies 
both  the  acid  and  alkali  to  the  emetic  tartar, 
contains  57  tartareous  acid,  33  potafh,  ancl 
about  10  water  and  lofs;  or  70  tartrite  of  pot- 
afli,  and  20  tartareous  acid,  in  excefs ; hence 


it  follows  that  the  mother  water  remaining 
from  the  preparation  of  emetic  tartar,  con- 
tains an  antimoniated  tartrite  of  potafh,  which 
fait  is  neceffarily  mixed  with  the  former,  when 
prepared  by  evaporation  to  drynefs,  inftead  of 
cryftallization,  and  muft,  no  doubt,  in  fome 
degree  modify  its  effect  upon  the  conftitution, 
producing  variations  which  are  unjuftly  attri- 
buted to  the  pure  emetic  tartar. 

Oxalic  acid,  by  digeftion  with  oxyd  of  anti-- 
mony,  takes  up  a confiderable  proportion,  and 
the  liquor  depofits  on  evaporation,  oxalat  of 
antimony  in  fmall  cryftalline  grains.-  This 
fait  is  fparingly  foluble  either  in  water  or  wine. 
The  latter  preparation  has  an  emetic  quality, 
and  has  been  ufed  in  medicine,  inftead  of  the 
common  antimonial  wine.  Acetite  of  antimony 
is  prepared  in  the  fame  way  with  the  foregoing 
fait : it  forms  minute  cryftals,  and  was  one  of 
the  firft  antimonial  falts  that  was  ufed  in  medi- 
cine on  account  of  its  emetic  quality:  it  was 
firft  adminiftered  by  Angelo  Sala,  but  is  now 
wholly  fuperfeded  by  the  antimoniated  tartar. 

Of  the  neutral  falts  there  are  only  three,  the- 
a£tion  of  which  on  antimony  has  been  much’ 
noticed,  namely,  the  fulphat,  oxymuriat,  and 
nitrat  of  potafh. 

Sulphat  of  potafh  (and  probably  fulphat  of 
foda)  is  decompofable  by  antimony  in  the  dry 
way.  This  fa<ft  was  firft  noticed  by  Monnet; 
he  fufed  in  a crucible  two  parts  of  fulphated 
potafh,  mixed  with  one  of  pulverized  antimony, 
and  obtained  a yellow,  cauftic,  femivitrified  mafs 
of  antimoniated  fulphuret  of  potafh,  which,  when 
wafhed  with  hot  water,  was  partially  foluble  in 
that  fluid,  and,  as  it  cooled,  was  precipitated  in 
the  form  of  kermes,  or  hydro -fulphuretted 
oxyd  of  antimony.  The  metal  therefore  wras 
oxydated  at  the  expence  of  the  fulphuric  acid, 
and  the  fulphuret  of  potafh  refulting  from  this 
decompofition,  united  with  the  metallic  oxyd, 
rendering  it  foluble  in  water. 

Oxymuriat  of  potafh  a£t s with  great  energy  on 
antimony,  as  indeed  it  does  on  all  the  eafily  com- 
buftible  metals.  If  equal  parts  of  this  fait,  and 
of  antimony  previoufly  reduced  to  a fine  pow’dcr, 
are  mixed  together,  and  ftruck  briflcly  on  an 
anvil,  a remarkably  loud  detonation  takes  place;' 
if  the  mixture,  inftead  of  being  ftruck,  is  poured 
into  fulphuric  acid,  or  rather  if  fulphuric  acid 
is  poured  upon  the  powder,  a hiding  noife  is 
produced,  red  fparks  are  emitted,  and  the  metal  ■ 
is  converted  into  an  oxyd. 

Nitre  and  antimony  in  equal  parts,  or  two 
parts  of  the  former  to  one  of  the  latter,  being 
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thrown  into  a red  hot  crucible,  detonate  with  a 
vivid  flame ; the  acid  of  the  nitre  is  decom- 
pofed,  and  the  metal  is  reduced  to  a perfect 
oxyd.  The  white  mafs  remaining  in  the  cru- 
cible is  decomposed  by  digeftion  in  warm  water, 
into  a Soluble  and  infoluble  part.  The  latter  of 
thefe  was  formerly  confidered  as  a pure  oxyd  of 
antimony,  but  the  experiments  of  Thenard 
Ihow  that  it  contains  about  one  fifth  of  potafh, 
intimately  united  with  the  oxyd,  which  appears 
to  a£t  the  part  of  an  acid.  It  was  formerly 
known  by  the  name  of  regidine  diaphoretic  anti- 
mony, but  may  be  more  properly  denominated 
antimonite  of  pot  ajh,  rendered  infoluble  by  excefs 
of  oxyd.  The  Soluble  part  differs  from  the 
other  merely  in  the  proportion  of  its  ingre- 
dients } it  is  readily  cryftallizable,  and  may  be 
decompofed,  with  precipitation  of  its  oxyd,  by 
any  of  the  mineral  acids. 

The  different  combinations  of  antimony  with 
Sulphur  have  been  treated  of  much  at  large 
both  by  the  ancient  and  modern  chemifts ; we 
fhall  therefore  endeavour  to  give  a full,  though 
compendious  Summary  of  the  eftablilhed  faCts 
and  modern  opinions  relative  to  this  interesting 
investigation. 

If  equal  parts  of  flowers  of  fulphur  and  regu- 
line  antimony  are  pulverized  together,  and 
expofed  in  an  earthen  crucible  to  a low  red 
heat,  they  combine  with  each  other,  and  melt 
into  a denfe  uniform  mafs  of  a ftriated  fraCture 
and  metallic  luftre,  and,  in  fliort,  poffeffed  of 
all  the  phyfical  and  chemical  properties  of  the 
native  grey  fulphuret  already  deferibed  ; hence, 
for  cheapnefs’  fake,  all  the  preparations  from 
the  antimonial  fulphuret  are  made  with  the 
native  ore,  or  crude  antimony,  or  antimony  of 
the  fhops. 

When  the  fulphuret  of  antimony  is  expofed 
to  a red  heat,  with  accefs  of  air,  moll  of  the 
fulphur,  together  with  a fmall  portion  of  the 
metal,  is  volatilized.  If  this  operation  is  per- 
formed in  a melting  pot,  Surmounted  with  a 
Series  of  aluaels,  the  vapour  condenfes  on  the 
inner  furface  into  a light  pulverulent  fubftance, 
called  fozvers  of  Antimony.  Thefe,  at  the  begin- 
ning of  the  procefs,  are  of  a greyifh  yellow 
colour,  and  confdt  of  fulphur,  with  antimony 
either  in  the  metallic  ftate,  or  at  leaft,  very 
little  oxydated  ; the  next  portions  are  orange- 
coloured,  and  thofe  which  rife  towards  the  end 
of  the  operation  are  almoft  yellow,  and  confift 
of  little  elfe  than  pure  fulphur.  What  remains 
behind  is  a grey  alb-coloured  oxyd,  Still  holding 
a little  fulphur ; among  the  old  chemifts  it  was 
known  by  the  name  of  grey  calx  of  antimony  ; 


by  the  moderns  it  is  called  the  grey  fulphuretied 
oxyd  of  antimony.  It  is  molt  commonly  pre- 
pared by  flow  roafting  of  the  crude  antimony  in 
a flat  dilli,  or  reverberatory  furnace. 

The  grey  Sulphuretted  oxyd,  when  urged  by 
a Sufficient  degree  of  heat,  forms  a tranlparent 
glafs,  poffeffing,  according  to  circumftances, 
every  {hade  of  colour,  from  light  yellow  to  the 
deepeft  hyacinthine  red : this  is  the  glafs  of 
antimony , or,  according  to  the  modern  nomen- 
clature, the  vitreous fulphuretted  oxyd  of  antimony. 
In  order  to  prepare  it,  any  quantity  of  the  grey 
oxyd  is  put  into  a crucible,  and  kept  at  a low 
white  heat  till  it  enters  into  perfeCt  fufion : 
foon  after  this  has  taken  place,  the  end  of  a 
clean  tobacco  pipe  fliould  be  dipped  in,  and  if 
the  matter  that  adheres  to  the  pipe  is  transpa- 
rent, and  may  be  drawn  into  threads  like 
common  glafs,  it  has  been  heated  Sufficiently : 
the  crucible  is  then  to  be  removed  from  the  fire, 
and  its  contents  are  to  be  poured  on  a flat  ftone, 
or  plate  of  copper.  When  the  glafs  has  become 
folid,  it  Should  be  removed  into  a covered  veffel, 
as  it  cracks  and  flies  while  cooling. 

It  Sometimes  happens  in  making  the  glafs  of 
antimony,  that  the  grey  oxyd  begins  to  melt  as 
foon  as  it  is  red  hot,  and  continues  limpid  like 
water,  without  acquiring  the  tenacity  of  glafs  ; 
at  other  times  on  the  contrary,  even  the  long 
continuance  of  a white  heat  will  only  bring  it 
to  a party  confidence.  In  the  former  cafe,  the 
glafs  is  of  an  unufually  deep  colour ; in  the 
latter,  it  is  almoft  yellow.  This  inequality 
ariles  from  a difference  in  the  oxyd  : if  it  has 
been  too  little  roafted,  it  flows  with  the  firft 
impreffion  of  the  heat,  but  when  more  com- 
pletely oxydated  and  defulphuretted,  it  proves 
very  refraCtory : in  this  cafe,  however,  it  may 
be  remedied  by  throwing  in  a little  crude  anti- 
mony in  powder,  which  will  immediately  deter- 
mine its  fufion  and  vitrification,  while  a portion 
of  the  antimony  deprived  of  its  fulphur,  will 
fall  to  the  bottom,  in  form  of  metallic  globules. 

If  the  previous  defulphuration  has  been  very 
flight,  the  oxydation  will  alfo  have  proceeded 
but  a little  way ; and  the  glafs  produced, 
though  poflefled  of  a vitreous  fraCture,  is  per- 
fectly opaque,  and  of  a dark  liver  colour ; 
hence  it  has  obtained  the  name  of  Liver  of 
Antimony  : the  fame  name,  however,  has  been 
given  to  a preparation  of  crude  antimony  and 
nitre,  which  will  be  mentioned  prefently. 

The  action  of  acids  upon  the  fulphuret  of 
antimony  is,  upon  the  whole,  fo  fimilar  to  their 
action  on  the  regulus,  that  it  will  only  be  necef- 
fary  to  point  out  the  circumftances  in  which 
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they  differ.  In  general,  tlie  metallic  part  of 
the  fulphuret  is  more  eafily  diffolved,  and  re- 
tained by  acids,  than  the  mere  regulus  is,  and 
the  fulphur  of  the  compound  is  either  not  at 
all,  or,  at  leaft,  very  flightly  adled  on.  The 
fulphuric  and  nitric  acid9  are  decompofed  with 
confiderable  energy  on  pulverized  fulphuret  of 
antimony;  fulphureous  acid  in  one  cafe,  and 
nitrous  gas  in  the  other,  being  copioufly  difen- 
gaged  ; the  metal  is  oxydated,  and  remains 
intimately  mixed,  though  no  longer  combined 
with  the  fulphur,  very  little  of  it  being  actually 
diffolved  by  thefe  acids.  The  muriatic  acid, 
even  when  cold,  will  decompofe  a large  quan- 
tity of  fulphuret,  during  which  procefs  there  is 
a confiderable  extrication  of  fulphuretted  hydro- 
gen. If  the  mixture  is  heated,  the  whole  of 
the  metal  enters  into  folution,  leaving  the  fulphur 
at  the  bottom  unaltered  ; a fmall  portion,  how- 
ever, both  of  the  fulphur  and  metallic  oxyd  is 
diffolved  in  the  hydrogen,  and  efcapes  in  a 
gaffcous  form ; for  Bergman  obferved,  by  per- 
forming this  experiment,  in  a veffel  with  a long 
narrow  neck,  that  the  fulphuretted  hydrogen  in 
its  paflage  through,  depofited  fome  kermes  or 
hydrofulphuretted  oxyd  of  antimony.  The  bell 
menflruum  for  crude  antimony  is  an  aqua-regia, 
with  a confiderable  excefs  of  muriatic  acid  ; by 
this  the  metallic  oxyd  is  entirely  difl’olved,  and 
the  fulphur  (about  26  per  cent.)  is  left  at  the 
bottom  of  the  veffel,  in  the  form  of  a white 
powder,  except  a very  fmall  portion  which  is 
acidified. 

The  fixed  alkalies  are  capable  of  combining 
in  the  dry  way  with  fulphuretted  antimony, 
forming  feverai  important  preparations.  If  15 
ounces  of  pulverized  crude  antimony,  1 2 ounces 
of  decrepitated  muriat  of  foda,  and  3 ounces  of 
tartar  are  mixed  together,  and  fufed  in  an 
earthen  crucible,  there  will  be  found,  on  break- 
ing the  veffel  when  cold,  that  it  contains  two 
fubftances ; the  upper  is  of  a light  colour,  and 
confifts  of  the  muriated  foda  with,  a little  fuL 
phur ; the  inferior  mafs  is  very  heavy,  opaque* 
of  a black  colour,  and,  on  being  broken,  exhi- 
bits a fhining  vitreous  fradlure  : it  has  obtained 
the  name  of  medicinal  regulus,  and  is  a fimple 
alkalized  fulphuret  of  antimony,  the  metal  being 
nearly  faturated  with  fulphur,  and  probably 
uncombined  with  oxygen.  A fimilar  prepa- 
ration to  this  is  the  ruby  of  antimony , or  magnefia 
opalina,  differing,  however,  in  containing  lefs 
fulphur,  and  in  the  metal  being  flightly  oxy- 
dated. It  is  prepared  by  mixing  equal  parts  of 
muriated  foda,  nitre,  and  crude  antimony,  and 


fufing  the  mafs  in  a crucible ; there  is  a large 
quantity  of  fcorias  in  this,  as  in  the  former 
procefs,  and  underneath  them  is  a compadl 
vitreous  fubflance,  tranfparent  in  thin  fhivers, 
of  a deep  fomewliat  fmoak-red  colour,  and  bril- 
liant metallic  luflre.  Neither  of  thefe  prepa- 
rations is  deliquefeent  or  foluble  in  water,  on 
account  of  the  fmall  quantity  of  alkali  that  they 
contain.  By  increafing,  however,  the  dofe  of 
alkali  the  mafs  becomes  foluble : thus,  if  to  one 
part  of  fulphuretted  antimony  we  add  two  parts 
of  pure  dry  pearlafh,  we  obtain  by  fufion,  a 
reddifh-brown  mafs  of  alkaline  fulphuret  of 
antimony,  and  a little  of  the  metal  in  its  pure 
reguline  flate,  is  found  at  the  bottom  of  the 
crucible.  This  alkaline  fulphuret,  being  previ- 
oufly  reduced  to  a coarfe  powder,  is  almofl 
entirely  foluble  in  boiling  water,  and,  while 
quite  hot,  may  be  paffed  through  a filter  to 
feparate  the  impurities  ; but  as  the  liquor  cools, 
a copious  precipitate  takes  place  of  a bulky 
flocculent  fubflance,  whofe  colour  is  a deep 
brick  red,  approaching  to  that  of  the  kermes 
infedl,  whence  it  has  been  called  Kermes  mi- 
neral : after  the  depofition  of  the  kermes  has 
ceafed,  the  liquor  being  feparated  by  the  filter, 
is  of  a wine-yellow  colour,  and,  upon  the 
addition  of  any  acid,  a fecond  precipitation  is 
brought  about  of  an  orange-yellow  powder, 
which  is  called  the  golden  fulphur  of  antimony. 

Kermes  may  alfo  be  prepared  in  the  humid 
way,  as  was  firft  (hewn  by  Lemery  in  the  year 
1707.  Since  that  period,  a multitude  of  pro- 
ceffes  have  been  publifhed  by  the  French  che- 
mifts  for  the  preparation  of  this  fubflance, 
none  of  which,  however,  appear  to  be  improve- 
ments of  Lemery’s  original  method,  which  is  as 
follows  k.  Put  into  a clean  iron  pan  five  or  fix 
parts  of  a lixivium  of  cauftic  potafli  with  fifteen 
or  twenty  of  water,  fet  it  over  the  fire  to  heat, 
and  as  foon  as  it  begins  to  boil,  throw  in  fome 
well  levigated  fulphuret  of  antimony,  equal  in 
weight  to  one-fixteenth  of  the  alkali ; flir  the 
mixture  well,,  and  when  it  has  boiled  for  a 
minute  or  two,  throw  the  whole  on  a filter,  fo 
that  the  clear  liquor  may  pafs  through  while 
hot ; a large  quantity  of  kermes  will  be  depo- 
fited as  the  folution  cools,  which,  after  being 
feparated  from  the  alkaline  liquor,  is  to  be  well 
walhed,  firit  in  cold  water,  and  then  in  hot,  till 
the  water  comes  off  quite  infipid : the  powder 
being  then  dried  in  the  {hade  by  a very  gentle 
heat,  and  levigated,  and  paffed  through  a fine 
fieve,  is  to  be  kept  in  a glafs  phial  for  ufe. 
The  alkaline  liquor,  when  it  has  ceafed  to  depo- 
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fit  kermes,  may  be  made  to  yield  the  golden 
fulphur  by  fatu  rating  it  with  diluted  fulphuric 
acid.  In  this  procefs  by  the  humid  way,  as  in 
the  other  by  the  dry  way,  a partition  of  the  ful- 
phur takes  place  between  the  alkali  and  the 
metal,  by  which  a portion  of  this  laft  is  left 
.undiffolved  in  the  form  of  a grey  powder,  and 
this,  by  fimple  fufion  in  a crucible,  is  reduced 
to  a mafs  of  regulus. 

According  to  the  French  chemifts,  both 
kermes  and  golden  fulphur  are  hydrofulphuretted 
oxyds  of  fulphuret  of  antimony and  Thenard,  in 
his  experiments  on  the  antimonial  oxyds  (already 
.quoted)  has  given  the  following  as  the  refult  of 
his  analyfis  of  thefe  two  fubftances.  Kermes 
mineral  contains 

72.760  brown  oxyd  of  antimony, 

20.298  fulphuretted  hydrogen, 

4.156  fulphur. 


97.214 
2.786  lofs 


100.000 


golden  fulphur  contains 

68.3  orange  oxyd  of  antimony, 
17.877  fulphuretted  hydrogen, 

12.  fulphur. 


98.177 
1.823  lofs 

100. 00b 


The  theory  concerning  their  formation  is, 
that  the  alkaline  antimonial  fulphuret  coming 
into  conta£f  with  water  decompofes  it ; that 
the  oxygen  of  the  water  combines  with  the 
fulphuretted  metal,  while  its  hydrogen  diffolves 
forne  of  the  fulphur  with  which  it  is  in  contact, 
and  unites  to  the  fulphuretted  metallic  oxyd  in 
different  proportions,  according  to  the  different 
degrees  of  oxydation  of  thefe  oxyds  j that  when 
the  antimony  is  the  leaf!  oxydated,  it  unites 
with  the  greateft  quantity  of  fulphuretted  hy- 
drogen, and  becomes  infoluble  in  the  alkali, 
forming  kermes  ; and,  on  the  other  hand,  when 
more  oxydated,  it  unites  with  lefs  fulphuretted 
hydrogen,  and  remains  diffolved  in  the  alkali, 
till  precipitated  from  it  by  the  aff  ion  of  an  acid, 
forming  the  golden  fulphur.  Kermes  may  alfo 
be  made  by  paftjng  fulphuretted  hydrogen 
through  a foiution  of  the  muriat  of  antimony, 
and  this,  among  others,  is  adduced  as  a proof 


of  the  kermes  containing  the  metal  in  an  oxy- 
dated  ftate. 

The  nature  of  the  preparations  that  refult 
from  the  mutual  aftion  of  nitre  and  fulphu- 
retted antimony  depends  principally  on  the  pro- 
portion which  the  nitre  bears  to  the  other 
ingredient.  The  nitric  acid  is  confumed  in 
acidifying  the  fulphur,  and  oxydating  the  anti- 
mony, and  the  alkaline  bafe  of  the  nitre  unites 
with  the  fulphur,  (if  any  remains)  with  the 
fulphuric  acid,  forming  fulphat  of  potafh,  and 
with  the  metallic  oxyd.  When  the  nitre  con- 
fiderably  exceeds  the  antimonial  fulphuret,  as 
in  the  preparation  of  diaphoretic  antimony,  the 
fulphur  is  entirely  oxygenated,  and  partly 
efcapes  in  the  form  of  fulphureous  acid  gas, 
while  the  remainder,  with  part  of  the  alkali, 
forms  fulphat  and  fulphite  of  potafh  j the  metal 
alfo  is  compleatly  oxygenated  at  the  expence  of 
the  nitre  •,  and  the  oxyd  thence  refulting  com- 
bines with  the  potafh  in  two  proportions ; that 
portion  which  is  united  to  a large  quantity  of 
alkali  is  rendered  foluble,  and  the  other  remains 
infoluble.  Hence,  when  the  refult  of  the 
above  procefs  is  lixiviated  with  hot  water,  we 
find  diffolved  in  the  liquor,  and  may  obtain  in 
a cryftalline  form  fulphat  and  fulphite  of  potafh, 
fome  undecompofed  nitre  and  antimonial  potafh : 
the  undiffolved  refidue,  or  diaphoretic  antimony 
confifts  of  the  perfect  oxyd  of  this  metal,  com- 
bined with  about  a fifth  of  potafh.  When  the 
nitre  and  crude  antimony  are  only  in  equal 
proportions,  part  of  the  fulphur  is  acidified, 
and  the  metal  is  brought  to  a low  ftate  of 
oxydation : by  the  aftion  of  warm  water,  the 
mafs  is  divided  into  a foluble  and  infoluble 
portion ; the  former  confifts  of  kermes,  of 
golden  fulphur  and  fulphat  of  potafh  ; the 
latter  is  of  a reddifh  brown  colour,  hence  called 
crocus  metallorum , and  is  probably  nothing  elfe 
than  a fulphuretted  oxyd  of  antimony. 

Phofphorus  unites  with  antimony,  according 
to  Pelletier 1 by  projedling  on  the  melted  regu- 
ius  fmall  pieces  of  phofphorus,  and  immediately 
afterwards  removing  it  from  the  fire,  or  by 
fufing  together  equal  parts  of  glafs  of  phofpho- 
rus and  the  metal,  either  with  or  without 
charcoal ; the  refult  is  a white  metallic  mafs  of 
phofphuret  of  antimony,  very  brittle,  of  a lamellar 
ftrudlure,  and  breaking  into  nearly  cubical 
fragments.  When  expofed  on  charcoal  to  the 
aftion  of  the  blow-pipe,  it  emits,  at  the  moment 
of  fufion,  a faint  green  flame,  and  then  volati- 
lizes like  pure  antimony  in  the  form  of  white 
flowers. 
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Only  one  or  two  of  the  alloys  of  antimony 
are  ufed  in  the  arts,  and  even  thefe  have  by  no 
means  been  fubje&ed  to  accurate  chemical 
examination,  of  the  reft  we  are  almoft  entirely 
ignorant. 

Antimony  and  Gold.  See  Gold. 

Antimony  and  Platina.  See  Platina. 

Antimony  and  Silver.  See  Silver. 

Antimony  and  Copper. 

Thele  two  metals  fufed  together  in  nearly 
equal  proportions,  form  a hard  brittle  alloy  of 
a violet  colour  and  ftriated  texture,  which  is 
not  very  foon  affeCted  by  expofure  to  the  air. 
Its  fpecific  gravity,  according  to  Gellert, m is 
greater  than  the  mean  of  its  ingredients.  It  is 
not  made  any  ufe  of. 

Antimony  and  Iron. 

The  general  properties  of  antimony,  with  a 
very  fmall  proportion  of  iron,  or  martial  regulus , 
we  have  already  mentioned.  Gellert"  fufed  to- 
gether 1 15  grains  of  iron  with  173  gr.  of 
antimony,  and  obtained  a brittle  afh-coloured 
alloy,  full  of  fpecks  like  ruft  of  iron,  of  lefs 
fpecific  gravity  than  the  mean  of  its  ingredients, 
and  not  attractable  by  a powerful  magnet. 

Antimony  and  Mercury.  See  Mercury. 

Antimony  and  Tin. 

Thefe  two  metals  being  mixed  in  equal  pro- 
portions, form  a moderately  hard,  brittle,  and 
very  brilliant  alloy,  capable  of  receiving  an 
exquifite  polifh,  and  not  eafily  tarnifhed  by 
expofure  to  the  air ; it  has  been  occafionally 
manufactured  into  fpeculums  for  telefcopes. 
Its  fp.  gravity  according  to  Gellert  0 is  lefs  than 
the  mean  of  its  conftituent  parts.  See  Specu- 
lum metal. 

Antimony  and  Lead. 

Gmelin  p found  that  equal  parts  of  thefe  two 
metals  produced  a porous  brittle  alloy  ; one 
part  antimony  and  two  lead  gave  a homoge- 
neous metal  much  harder  than  lead,  but  duCtile 
under  the  hammer : one  part  antimony  and 
eight  lead  formed  an  alloy  more  fufible,  harder, 
and  whiter  than  lead  without  impairing  its  duc- 
tility. According  to  Gellert  q,  386  gr.  of  lead 
and  333  of  antimony  afforded  a brittle  alloy, 
with  a granular  fomewhat  fhining  fra&ure, 
whole  fpecific  gravity  was  greater  than  the 
mean  of  its  conftituent  parts.  Antimony,  lead, 
and  a little  copper,  form  Type-metal. 

ANTIPHLOGISTIC  theory.  See  Phlogis- 
ton. 


ANTHRACITE.  See  Kohlenblendf. 

APATIT*.  Native  phofphat  of  Lime.  ChauK 
phcfphat'e  of  Hauy.  Phofphorite  of  Kirwan. 

Apatit,  when  pure,  is  foluble  without  effer- 
vefcence  in  nitric  acid.  Its  cryftals  are  divifible 
parallel  to  the  fides  and  extremities  of  a regular 
hexahedral  prifm.  By  diftillation  with  charcoal, 
in  clofe  velfels,  it  gives  out  a phofphoric  light 
and  odour,  and  a little  phofnhorus.  It  is 
divided  by  the  German  mineralogifts  into  the 
three  following  fpecies. 

I.  Conchoidal  Apatit.  ; Mufchlicher  Apatit ; 
Spargeljle'ui ; Chryfolithe  of  Delifle  and  Born  ; 
Pierre  d’ Afpcrge  of  Brochant. 

The  colour  of  this  mineral  is  yellowifh  or 
bluifh  green,  or  orange,  or  brownifh-red.  It 
cryftallizes  in  regular  hexahedral  prifrns,  ter- 
minated by  hexahedral  pyramids  with  triangu- 
lar faces  (pyramide  of  Hauy) ; or  in  hexahedral 
prifrns,  terminated  by  wedge-lhaped  fummits 
(cuneiforme  of  Hauy),  or  finally,  the  edges  of 
the  prifm  are  deepily  bevilled,  fo  as  to  make  it 
dodecahedral,  in  confequence  of  which  the 
terminal  pyramids  have  pentagonal  faces  (dido- 
decaedre  of  Hauy).  The  cryftals  are  very  l'mall, 
rarely  equalling  eight  lines  in  heighth,  and  are 
flightly  ftriated  longitudinally.  Externally  it  is 
fhining  or  much  Ihining,  internally  it  is  much 
fhining,  with  fomewhat  of  a greafy  luftre. 
The  crofs  fraCture  is  fiat-conchoidal,  paffing 
into  uneven  and  fplintery ; the  longitudinal 
fraCture  is  imperfectly  foliated.  When  broken, 
it  flies  into  irregular  fharp-edged  fragments, 
which  have  often  a tendency  to  the  rhomboidal 
figure.  It  is  generally  tranfparent,  but  fome- 
times  only  tranflucid,  gives  a greyifh-white 
ftreak,  may  be  fcratched  readily  by  a knife , fp. 
grav.  of  the  Spanifh  apatit,  3-09,  of  the  Nor- 
wegian, 3.15. 

The  Spanifh  apatit  was  analyfed  by  Vauque- 
lin, b and  found  to  contain 

53.  8 lime, 

46.19  phofphoric  acid. 


92.27 


This  mineral  is  foluble  without  effervef- 
cence,  in  warm  nitric  or  muriatic  acid.  When 
expofed  to  the  blow-pipe  it  does  not  decrepitate 
nor  lofe  its  tranfparency : it  becomes  however 


*■  Chimie.  mctallurgique  vol.  i.  p.  26 f.  ■ Ibid,  p 2J2.  • Ibid.  p.  267.  t Anri,  de  Cliim.  vol,  viii.  p.  319. 

* Chim.  metallurg.  vol.  i.  p.  269.  a Emmerling,  Lehrbuch  dfr  Mineralogie  v.  ii.  p.  757.  Hauy,  Traite  dc  Mineralog. 
v.  ii.  p.  234.  Nouv.  Didl.  d'Hilt  nat,  art.  Apatite.  k Journ.  dcs  Mines,  v.  vii.  p 19. 
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colourlefs,  and  then  refembles  rock-cryftal. 
With  borax  it  forms  a milk-white  imperfectly 
fufed  mafs  ; when  pulverized  and  thrown  on 
hot  coals,  it  does  not  exhibit  any  phofpho- 
refcence. 

The  Spanifh  apatit  was  firft  difcovered  by 
M.  Launoy,  at  Mount  Caprera,  near  Cape  de 
Gata,  in  the  Province  of  Murcia  ; it  is  found 
in  a yellowifh-white  carious  rock,  accompanied 
with  magnetic  and  micaceous  iron  ore,  pyrites, 
and  fmall  plates  of  calcareous  fpar:  the  cryf- 
tals  are  of  the  yellowifh-green,  and  orange- 
coloured  varieties  ; the  latter  of  which,  at  firft 
fight,  are  liable  to  be  confounded  with  that 
variety  of  cryftallized  quartz  called  the  Plyacinth 
of  Compoflella. 

The  Norwegian  apatit  includes  the  bluifh- 
green  and  brownifh-red  varieties,  and  is  found 
in  the  diftriH  of  Arendahl,  mixed  with  ferrugi- 
nous hornblende,  calcareous  fpar,  and  amor- 
phous apatit. 

II.  Foliated  Apatit.  Bldttriger  Apatit ; Ge- 
neiner  Apatit ; Apatite  commune  Brochant. 

The  colour  of  this  mineral  is  generally  moun- 
tain green,  fometimes  pale  yellowifh-green, 
palling  into  olive-green,  light  wine-yellow  and 
clove  brown ; it  is  alfo  found  of  a middle  tint, 
between  flefh  and  rofe-red,  or  hyacinth-rcd, 
greenifh  yellowifh  and  pearl  grey,  and  violet- 
blue  ; fometimes  it  is  fnow-white,  and  when 
tranfparent,  perfectly  colourlefs.  The  fame 
cryltal  will  often  exhibit  various  fhades  and 
colours,  and  a few  fpecimens  are  found  iridef- 
cent,  It  is  moft  commonly  met  with  cryftallized 
in  regular  hexahedral  prifms  (primitive  of  Hauy); 
in  dodecahedral  prifms,  formed  by  bevelling  the 
edges  of  the  hexahedral  prifm  (peridodecaedre 
of  Hauy)  ; in  hexahedral  prifms  terminated  by 
deeply  truncated  hexahedral  pyramids  (annulaire 
of  Hauy)  ; in  the  fame  with  the  folid  angles  at 
the  bafe  of  the  pyramids  truncated  (unibinaire 
of  Hauy) ; in  dodecahedral  prifms  terminated 
by  deeply  truncated  hexahedral  pyramids  (emar- 
gine  of  Hauy).  The  cryftals  are  generally  very 
fmall,  and  ftriated  longitudinally : they  are 
fhining  or  much  fhining,  with  a vitreous  luftre. 
The  crofs  fradlure  is  ftrait  foliated,  fometimes 
almoft  fpecular  ; the  longitudinal  fradture  is 
uneven  with  fine  grains,  or  -imperfedlly  con- 
choidal.  It  is  commonly  femi-tranfparent,  pafling 
on  the  one  fide  into  tranfparent,  and  on  the 
other  to  tranflucid  on  the  edges.  Its  hardnefs 
is  fomewhat  fuperior  to  that  of  fluor-fpar.  Sp. 
gr.  3.19  to  3.21.  Its  conftitutent  parts,  accord- 
ing to  Klaproth,  are 

* Prouft  in  Journ.  de 
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45  phofphoric  acid,  with  a little  manganefe 
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When  reduced  to  coarfe  powder,  and  ftrewed 
on  hot  coals,  it  fhines  with  a grais-green  phof- 
phoric light. 

It  is  found  at  Ehrenfriederfdorf,  in  Saxony ; 
at  Schlackenwalde  and  Kuttenbcrg,  in  Bohemia; 
and  at  Schwartz-Leogang,  in  Saltzburg.  It 
accompanies  the  tin  ores,  and  is  mixed  with 
fluor-fpar,  fteatite,  quartz,  tin-ftone,  pyrites, 
manganefe  and  wolfram. 

III.  Earthy  Apatit.  Erdiger  Apatit ; Apatite 
terreufe  Brochant. 

The  colour  of  this  mineral  is  reddifh,  greyifli 
or  yellowifh  white,  ftained  fuperficially  with 
brownifh  or  Ifabella  yellow.  It  is  found  in 
mafs,  exhibiting  fometimes  an  obfcurely  lamellar 
ftrufiture.  It  pofl'efles  little  or  no  luftre,  and 
has  an  earthy  fracture,  pafling  into  the  fine- 
grained uneven.  It  is  opaque ; half-hard,  often 
friable.  Sp.  gr.  2.82  to  2.86. 

It  was  analyfed  by  Bertrand,  Pelletier,  and 
Donadei,  and  found  to  contain 
59.  lime, 

2.  filex, 

I.  oxyd  of  iron, 

34.  phofphoric  acid, 

2.5  fluoric  acid, 

X.  carbonic  acid, 

0.5  muriatic  acid. 


100.0 

When  expofed  to  the  blowpipe  it  becomes 
phefphorefcent,  and  melts,  though  with  diffi- 
culty, into  an  opaque  white  glafs.  If  fcratched 
with  a knife,  it  exhibits  a faintly  luminous  trace  : 
when  coarfely  pulverized,  and  ftrewed  on  hot 
coals,  it  undergoes  no  decrepitation,  but  heats 
quietly,  and  is  foon  penetrated  with  a phof- 
phorefcent  light,  which  hovers  for  fome  time 
over  its  furface,  in  the  form  of  a bright  green 
luminous  vapour.  c 

It  is  found  in  ftrata,  penetrated  by  quartz,  at 
Logrofan,  in  the  province  of  Eftremadura,  at 
the  foot  of  a mountainous  ridge  called  Guadel- 
upe,  where  it  is  ufed  as  a common  ftone  for 
building,  and  where  its  luminous  quality  has 
been  long  known  and  admired. 

The  phofphoric  earth  of  Kobolo-Bojana,  in 
the  province  of  Marmarofh,  in  Hungary,  is 
extremely  fimilar  to  the  earthy  apatit.  When 
Phyf.  vol.  xxxii.  p.  243. 
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fpread  on  hot  coals,  it  gives  a pale  yellowifh 
light,  and,  according  to  Pelletier’s  analyfis,  d 
contains 

x . water, 

31.  filex, 

21.  lime, 

15.5  alumine, 

1.  oxyd  of  iron, 

1.  muriatic  acid, 
i.  phofphoric  acid, 

28.5  fluoric  acid, 


1 00.0 


In  fome  fpecimens  the  proportion  of  fluoric  acid 
is  confiderably  lefs,  and  that  of  phofphoric  acid 
is  greater. 

APPARATUS  Chemical.  For  this  important 
article  fee  the  Appendix  to  vol.  2. 

APPLES,  Acid  and  Juice  of.  See  Malic 
Acid. 

AQUA.  A term  applied  to  many  liquid 
preparations  in  chemiftry,  and  efpecially  in  phar- 
macy. In  the  former  the  term  is  now  little 
ufed ; in  the  latter  it  is  very  generally  adopted, 
to  imply  folutions  of  various  fubftances  in  water 
in  certain  proportions,  or  diftilled  waters  ufed 
in  medicine.  The  following  are  occafionally 
ufed  in  chemiftry. 

Aqua  Ammonia  Acetata.  A.  Acetitis  Ammonia. 
A folution  of  Acetited  Ammonia. 

Aqua  Ammonia  Pura , or  Caufica.  A folution 
of  Ammonia  in  water. 

Aqua  Calcis,  or  Lime  IVater. 

Aqua  Potajfa.  A.  Kali  Puri.  A folution  of 
cauftic  Potash. 

Aqua  P.  Kali  Preparati.  A folution  of  Car- 
bonated Poiajh. 

AQUA-FORTIS.  Eau  Forte , Fr.  Schiede- 
nvaffer,  G.  The  term  which  aflayers  and  workers 
of  metals  give  to  Nitrous  acid.  They  dif- 
tinguifh  two  kinds  of  aqua-fortis,  the  double , 
which  is  common  nitrous  acid,  and  the  ftngle , 
which  is  the  former  diluted  with  an  equal 
weight  of  water.  But  in  many  of  the  finer 
operations,  a much  more  accurate  diftindlion  of 
the  ftrength  of  the  acid  is  required. 

AQUA  REGIA.  The  Nitro-Muriatic 
Acid,  called  Regia  on  account  of  being  the  fol- 
vent  for  gold,  the  king  of  metals. 

AOUA-VITA2.  Eau  deVie.  A name  com- 
monly applied  to  native  diftilled  fpirits  in  the 
different  countries  in  which  they  are  prepared. 

* Pelletier’s  Mem.  de  Cfiimie,  vol  i p.  380. 

k W'idenmanri,  Le«z,  Brochant. 


Hence  it  means  Brandy,  Whifky,  Malt  Spirits , 
See.  refpe&ively. 

AQUA-MARINE.  See  Beryl. 

ARABIC  GUM.  See  Mucilage. 
ARBOR  DIANAS.  See  Silver. 

ARCHIL.  See  Litmus. 

ARDENT  SPIRIT.  See  Alcohol. 
ARDOISE.  See  Thonschiefer. 
AREOMETER.  See  Gravity  Specific. 
ARGENTINE.  See  Schiefer-Spath. 

ARGENTINE,  Flowers  of  Antimony.  See 

Q Y 

ARGENTUM  MOSAICUM.  This  is  a 
metallic  alloy  in  the  form  of  filvery  flakes,  ufed 
as  a pigment  for  giving  a white  metallic  luftre 
to  plafter  calls,  paper,  porcelain,  &c. 

It  is  prepared  in  the  following  manner.  Take 
an  ounce  and  a half  of  grain  tin,  and  the  fame 
quantity  of  bifmuth,  melt  them  together  in  a 
clean  crucible,  and  ftir  the  mafs  repeatedly  with 
a clean  iron  rod  till  the  two  metals  are  accu- 
rately mixed.  Then  remove  the  crucible  from 
the  fire,  and  when  its  contents  are  upon  the 
point  of  becoming  folid,  pour  in  an  ounce  and 
a half  of  warmed  quickfilver,  ftirring  it  as  be- 
fore. Previoufly  to  ufing  this  alloy,  it  mull  be 
ground  in  a ftone  or  earthenware  mortar  with 
white  of  egg  and  fpirit  varnifh,  and  in  this  ftate 
applied  to  the  intended  work.  When  dried  it 
may  be  burnilhed  in  the  ufual  manner,  and  haa 
then  very  much  the  appearance  of  filver. a 

ARGIL  NATIVE.15  Alumine  native.  Reins 
Thotierde.  Argilla  pura  Werner. 

This  mineral  is  of  a fnow-white,  or  yellowifh  - 
white  colour:  it  is  found  in  various  fized  kid- 
ney-form mafies  *,  prefents  a fine  grained  earthy 
fra£lure  •,  is  fomewhat  tranflucid  at  the  edges, 
and  becomes  ftill  more  fo  when  foaked  in  water  j 
is  foft  to  the  touch,  but  not  umftuous;  ftains 
the  fingers ; adheres  Rightly  to  the  tongue,  and 
is  eafily  broken,  being  almoft  friable.  Sp.  gr. 
according  to  Bergman,  1*305. 

When  examined  by  a microfcope,  this  fub- 
ftance  is  found  to  confift  of  minute  tranfparent 
cryftals,  in  the  form  of  comprefied  prifms,  ter- 
minated by  blunted  pyramids. 

By  expofure  to  a ftrong  heat  it  lofes  two- 
thirds  of  its  weight.  It  is  almoft  wholly  foluble 
in  nitric  or  fulphuric  acid  without  efferves- 
cence, and  from  the  experiments  of  T.  Sauflure,c 

* appears  to  confift  of  alumine,  of  fulphat  of 
lime,  of  a little  combuftible  vegetable  matter, 
and  of  a fubftance  which  bears  a near  refem- 

3 Encycldped.  method,  art.  Ardent,  muficuto.. 

• Joui  n.  de  Pliyfique,  vol.  51.  p.  187. 
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blance  to  glucine,  being  foluble  in  carbonated 
ammonia. 

In  has  hitherto  been  only  found  in  the  garden 
of  the  college  of  Halle,  in  Saxony,  and  is  con- 
fidered by  many  mineralogifts  as  not  properly  a 
natural  pi'odudtion. 

ARGILLITE.  See  Thonschiefer. 

ARGILLACEOUS  Earth.  A term  given 
by  fome  to  pure  Clay  or  Alumine. 

' ARGILLE  KAOLIN.  See  Clay  Porcelain. 

ARGILLE  GLAISE.  See  Clay  Potters. 
ARGILLE  SCHISTEUSE.  ARGILLA- 
CEOUS SCHISTUS.  See  Thonschiefer. 

AROMA,  or  Spirit  us  Re  Bor,  is  applied  to 
that  part  of  odorous  bodies  which  affedts  the 
organs  of  fmell,  and  is  fuppofed  by  fome  to  be 
a peculiar  principle.  The  fubtlety  of  this  prin- 
ciple, and  the  difficulty,  amounting  almoft  to 
impoffibility,  of  eftablifhing  its  identity,  make 
this  enquiry  more  curious  than  ufeful.  All  that 
can  be  faid  on  the  fubjcct  lies  in  a fhort  com- 
pafs,  and  will  be  noticed  under  the  article  Oil 
EJJential , to  which  it  may  with  propriety  be 
referred. 

ARRAGONIT.  * Exzentrifcher  Kalkftem , 
Emmerling.  Arragonite , Hauy  and  Brochant. 

The  colour  of  this  mineral  is  greyifh,  or 
greenifh  white,  or  pale  mountain  green,  but  the 
centre  of  each  cryftal  is  generally  violet  blue 
and  browniffi  red.  It  cryftallizes  in  hexahedral 
prifms  (prifmatique  of  Hauy),  the  bafes  of 
which,  though  plane  and  compact,  are  without 
luftre,  and  the  fides  are  ftriated  longitudinally, 
and  occafionally  are  fomewhat  concave  *,  alfo  in 
hexahedral  prifms,  the  bafes  of  which  are  rough 
with  fmall  wedge-fnaped  points  (cuneolaire  of 
Hauy) ; or  in  rounded  and  deeply  ftriated  maffies 
(cylindroide  of  Hauy).  The  cryftals  are  of 
moderate  fize,  and  are  found  either  fingle  or  in 
groups : each  of  thofe  that  belong  to  the  fir  ft 
variety  may  be  confidered  as  an  affiemblage  of 
rhomboidal  prifrns,  every  one  of  which  inclofes 
another  prifm  in  fuch  a pofition  that  their  axes 
crofs  nearly  at  right  angles,  as  is  obvious  from 
the  croffing  of  the  ftriae,  and  efpecially  by  a 
kind  of  mofaic  in  the  centre  of  the  prifm,  re- 
prefenting  four  triangles  united  round  a com- 
mon point  •,  two  of  which  are  of  a violet  colour, 
and  have  their  bafes  parallel  to  the  fides  of  the 
prifm,  while  the  two  contrary  ones  are  of  a 
pale  whitiffi  colour.  This  difpofition  becomes 
very  ftriking  when  the  prifms  are  fawn  afunder 
in  the  direction  of  their  axes  and  the  furfaces 
polifhed.  The  arragonit,  externally,  is  but  little 


fhining ; internally,  however,  it  difplays  a very 
brilliant  vitreous  luftre  : the  fraHure  is  obfcurely 
foliated.  It  fcratches  calcareous  fpar,  is  femi- 
tranlparent,  has  a double  refraction.  Sp.  gr. 
2.94. 

When  pulverized  and  fpread  on  hot  coals,  it 
gives  out  a feeble  phofphorefcent  light.  Before 
the  blowpipe  it  decrepitates,  and  at  length  is 
calcined  like  calcareous  fpar.  It  is  foluble  with 
effervefcence  in  nitric  acid.  Klaproth, Vauquelin 
and  Thenard  have  made  feparate  analyfes  of  it 
with  great  care,  but  have  difcovered  nothing  in 
its  compofition  except  lime  and  carbonic  acid, 
in  the  fame  proportions  as  conftitute  the  pureft 
calcareous  fpar. 

The  arragonit  was  firft  ranked  as  a diftinCt 
fpecies  by  Werner,  and  obtained  its  prefent 
name  becaufe  it  was  originally  difcovered  in 
Arragon  and  Valencia,  where  it  is  imbedded  in 
fibrous  and  granular  gypfum  : it  has  fince  been 
found  in  the  Pyrennees,  and  at  Leogang,  in  the 
country  of  Saltzburg,  in  a fhattery  argillaceous 
rock,  or  in  quartz,  accompanied  by  calcareous 
fpar,  and  cupreous  and  arfenical  pyrites. 

This  mineral  deferves  attention,  as  being  one 
of  the  very  few  whofe  external  and  cryftal- 
lographical  characters  are  at  variance  with  the 
refults  of  its  chemical  analyfis.  The  primitive 
form  of  calcareous  fpar  is  a rhomboid,  the  folid 
angles  of  which  meafure  104°.  28'.  but  the 
arragonite  is  divifible  only  in  two  directions, 
and  die  inclination  of  its  joints  is  1160. 

ARSENIC  is  a fubftance  of  very  frequent 
occurrence,  being  found  in  combination  with 
almcft  every  other  metal,  as  well  as  with  ful- 
phur  and  lime  : the  four  following  fpecies  how- 
ever, are  the  only  ones  that  by  the  common 
confent  of  Mineralogifts  are  ranked  as  ores  of 
this  metal,  the  reft  being  confidered  as  arfeni- 
cated  ores  of  filver,  copper,  cobalt,  &c.  b 

Sp.  I.  Native  Arfenic.  Gediegcner  Arfetiich. 
Arfenic  naif 

The  colour  of  this  mineral  when  newly  broken, 
is  a light  lead-grey,  palling  into  tin-white ; but 
the  furface  by  expofure  to  the  air  becomes  yel- 
low, then  blackifh  grey,  and  at  length  almoft 
black. 

It  occurs  generally  in  mafs,  but  fometimes 
diffieminated : it  does  not  form  cryftals,  but 
kidney-fhaped  or  cluftercd  maffies  (hence  called 
teftaceous  arfenic) ; or  is  found  in  plates  or 
carious  pieces.  Its  furface  is  rough  or  granular, 
with  little  or  no  luftre  internally  it  exhibits  a 
flight  metallic  luftre.  It  acquires  a polifh  by 


4 Hauy,  Traite  de  IVIineralog.  vol.  iv.  p.  337.  Emmerling,  Lehrbuch  der  Minerolog.  vx>l.  ii.  p.  68?. 
k Emmerling,  Erocbant,  K.irwan,  Hauy. 
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friction,  and  emits  an  alliaceous  odour : it  is 
half-hard  and  brittle.  Specific  gravity,  accord- 
ing to  Briffon,  5.724 — 5-763. 

When  expofed  to  the  blowpipe  it  fufes  with- 
out difficulty,  giving  out  a copious  white  vapour, 
and  the  peculiar  odour  of  arfenic : by  an  in- 
creafe  of  heat  it  burns  with  a bluiffi  flame,  and 
is  wholly  diffipated. 

Native  arfenic  has  not  been  accurately  ana- 
lyfed,  but  befides  arfenic,  it  appears  always  to 
contain  a little  iron  (to  which  its  fufibility  is 
owing),  and  occafionally  a very  fmall  portion  of 
gold  or  fllver. 

This  mineral  is  found  only  in  the  veins  of 
primitive  mountains,  accompanied  by  red  filver, 
realgar,  galena,  fpecular  cobalt,  kupfernickel, 
pyrites,  &c.  It  occurs  in  the  mines  of  Freyberg, 
in  Saxony  j at  Geifberg,  in  Carinthia  ; at  Nag- 
yag,  in  Tranlilvania  ; and  St.  Marie  aux  Mines, 
in  France. 

Sp.  II.  Arfenical  pyrites,  Marcafite,  or  Mif- 
piekel.  A rf  nick-kies . Fer  arfenical. 

The  colour  of  this  mineral,  when  recently 
broken,  is  a filvery  white,  but  it  foon  tarnifhes 
to  yellowifh,  greyiffi,  bluifh  or  iridefcent.  It  is 
met  with  in  mafs,  difl'eminated,  and  not  un- 
frequently  eryftallized.  Its  figures  are,  1.  A 
perfect,  i'omewhat  oblique-angled  quadrilateral 
prifm.  2.  The  fame  terminated  by  dihedral  fum- 
mits.  3.  The  fame  prifm  with  convex  or  con- 
cave lateral  faces.  4.  A very  acute  oCtahedron. 
5.  Lenticular  cryftals.  The  fize  of  the  cryftals 
varies  from  moderately  large  to  very  minute  or 
acicular.  The  lateral  faces  of  the  prifms  are 
always  fmooth  and  brilliant  •,  the  fummits  are 
tranlverfely  ftriated.  Internally  the  luftre  is 
fhining  and  metallic.  Its  fraCture  is  uneven 
and  granular.  It  is  hard  and  brittle.  Sp.  gr. 
according  to  Hauy,  6.52. 

When  fcratched  or  ftruck  with  the  hammer, 
the  arfenical  pyrites  emits  a ftrong  alliaceous 
odour.  Before  the  blowpipe  it  gives  out  a 
copious  white  vapour  of  oxyd  of  arfenic,  a fmall 
portion  of  earth  and  oxyd  of  iron  remaining  be- 
hind in  the  form  of  an  infufible  powder,  or  of 
a brittle  globule,  if  the  heat  has  been  confider- 
able. 

This  mineral  has  not  been  accurately  ana- 
lyfed,  or  rather  appears  to  contain  arfenic,  iron, 
and  fuiphur,  in  variable  proportions ; mixed 
with  which  is  occafionally  found  from  one  to 
ten  per  cent,  of  filver. 

It  is  found  in  aimoft  all  metalliferous  primi- 
tive mountains  ; but  the  variety  containing  filver 
has  hitherto  been  met  with  only  at  Freyberg 
and  Braunfdorf,  in  Saxony. 


Sp.  III.  Sulphuret  of  Arfenic. 

This  fpecies  is  generally,  though  perhaps  un- 
neceflarily,  divided  into  two  varieties,  which 
however  appear  to  pafs  into  each  other,  fo  as 
to  render  it  difficult  to  affign  the  limits  of  each; 
we  lhall  therefore  follow  the  example  of  Hauy, 
in  referring  all  the  cryftalline  forms  to  the  firlt 
variety. 

Var.  I.  Realgar.  Rothes  Raufchgelb.  Arfenic 
fulphure  rouge. 

Its  colour  is  a bright  Aurora  red,  palling  on 
one  fide  into  fcarlet,  on  the  other  to  light  orange. 
It  is  found  rarely  in  mafs,  more  frequently  dif- 
feminated  or  inverting,  but  molt  commonly 
eryftallized.  The  primitive  form  of  its  cryftals 
appears  to  be  the  fame  with  that  of  fuiphur, 
namely,  the  long  octahedron,  wfith  fealene  tri- 
angular faces ; fometimes  a quadrilateral  prifm 
is  interpofed  between  the  pyramids  of  the  o£ta- 
hedron,  and  other  varieties  are  deduced  from 
the  truncature  of  the  folid  angles  and  the  be- 
villing  of  the  fides  of  the  prifm.  The  cryftals 
are  generally  fmall  and  difficult  to  determine  : 
they  exhibit,  both  externally  and  internally,  a 
brilliant  luftre,  between  vitreous  and  waxy.  The 
fraCture  is  uneven  granular,  palling  into  minute 
conchoidal.  . It  is  commonly  tranflucid,  but 
occafionally  alfo  femitranfparent  or  opaque. 
The  colour  of  its  ftreak  is  orange  yellow  : it  is 
very  tender,  brittle,  and  may  be  eafily  broken 
by  the  nail.  Sp.  gr.  from  3.2  to  3.3.  It  is  idio- 
elettric,  acquiring  the  refinous  eleCtricity  by 
friCIion. 

Before  the  blowpipe  it  melts  eafily,  burn* 
with  a blue  flame,  and  exhales  a fulphureous 
arfenical  odour,  and  is  aimoft  entirely  volatilized. 
It  lofes  its  colour  by  digeftion  for  a ftiort  time 
in  nitrous  acid.  It  has  never  been  accurately 
analyfed,  but  confifts  for  the  rnoft  part  of 
arfenic  and  fuiphur. 

Realgar  occurs  native  in  the  vicinity  of  Etna 
and  other  volcanoes,  and  in  the  primitive  moun- 
tains of  Germany,  Swifferland  and  Hungary. 
The  fubftances  by  which  it  is  ufually  accom- 
panied are  native  arfenic,  red  filver,  and  galena. 

Var.  2.  Orpiment.  Gelbes  Raufchgelb.  Arfenic 
fulphure  rouge. 

Orpiment  differs  from  realgar  in  the  follow- 
ing particulars.  Its  colour  is  a bright  lemon, 
yellow,  palling  into  gold  yellow  and  aurora-red. 
It  is  found  diffeminated  or  in  mafs  : its  internal 
luftre  is  very  brilliant,  between  waxy  and  femi- 
metallic  : its  fraCture  is  ftrait  or  curved-foliated. 

Sp-  gr-  3.4. 

It  is  always  found  in  ftratified  mountains, 
accompanied  by  clay,  quartz,  &c.  and  appears 
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to  be  a mineral  of  late  formation.  It  is  pro- 
cured from  the  Bannat,  from  Servia,  from  Nag- 
yag  in  Tranfilvania,  and  Felfobanya  in  Hungary. 
The  Romans  procured  the  beautiful  bright  gold 
coloured  orpiment  from  Syria,  and  efteemed  it 
highly  as  a pigment. 

Sp.  IV.  Native  White  Arfenic.  Naturlicher 
arjenick-kalk.  Arfenic  oxyde  natif. 

Its  colour  is  fnow-white,  or  yellowifh  reddilh 
or  fnow  white,  or  fmoke  grey.  It  is  commonly 
found  in  the  (late  of  a friable  earthy  cruft,  on 
the  furface  of  other  minerals ; it  is  alfo  oc- 
cafionally  met  with  ftala£Htic,  cluftered,  or  in 
minute  bundled  capillary  cryftals.  In  the  earthy 
ftate  it  is  opaque,  but  when  cryftallized  is  tranf- 
lucid.  It  is  friable  and  very  brittle.  Sp.  gr.  3.7. 

When  expofed  to  the  blow  pipe  it  is  almoft 
entirely  volatilized  in  the  form  of  a white  va- 
pour, accompanied  by  the  chara&eriftic  odour 
of  arfenic ; the  fmoke-grey  variety  approaches 
to  the  metallic  ftate,  and  therefore,  when  heated, 
burns  with  a very  pale  blue  flame.  It  is  foluble 
in  fifteen  times  its  weight  of  boiling  water, 
leaving  behind  fcarcely  any  refiduum,  and  is 
probably  a pure  oxyd  of  arfenic. 

This  mineral  is  of  very  rare  occurrence,  hav- 
ing been  met  with  as  yet  only  in  the  cobalt 
mines  of  Bohemia  and  Saxony,  and  on  the  fur- 
face  of  native  arfenic  in  Tranfilvania  and  Hun- 

sary- 

White  Arfenic,  when  in  its  pureft  ftate,  ap- 
pears as  a beautiful  white,  fonorous,  vitriform 
mafs,  very  brittle,  and  eafily  reduced  to  powder. 
When  recently  prepared  it  is  confiderably  tranf- 
parent,  but  becomes  opake  by  keeping.  It  is 
prepared  in  the  large  way  by  a fecond  fublimation 
of  the  impure  arfenic,  obtained  in  the  roafting 
of  the  arfenical  ores.  M.  Fragofo  de  Sigueira 
gives  the  following  account  of  the  method 
adopted  in  Bohemia. c 

The  fubliming  veflels  are  ftrong  fquare  boxes 
of  caft  iron,  furnifhed  with  conical  heads  of  the 
fame  material,  clofely  luted  to  them  with  clay. 
The  fquare  boxes  are  difpofed  in  a large  brick 
area,  which  is  heated  by  the  flues  of  two  fur- 
naces placed  a little  below  them.  When  red- 
hot,  the  impure  arfenic  is  laded  into  the  boxes 
by  fifteen  pounds  at  a time,  where  it  melts,  and 
in  about  an  hour  after  it  begins  to  fublime  into 
-the  conical  head.  When  no  more  rifes,  another 
fifteen  pounds  is  put  into  the  veflel,  and  treated 
as  before ; and  this  fucceffive  addition  is  con- 
tinued till  about  150  pounds  of  arfenic  have 
.been  ufed  to  each  veflld,  the  fublimation  of  the 
whole  of  which  quantity  lafts  about  12  hours. 


When  cold,  the  workmen  take  off  the  conical 
head,  and  carry  it  with  its  contents  to  another 
place,  where  they  break  off  with  hammers  the 
fublimed  arfenic,  feparating  any  impurity  for  a 
fecond  operation. 

The  yellow  glafs  of  arfenic,  or  artificial  orpi- 
ment, is  prepared  in  the  fame  manner  with  the 
fame  apparatus,  but  for  this  the  arfenic  is  pre- 
vioufly  mixed  with  half  its  weight  of  fulphur. 
In  either  cafe  the  heat  fhould  be  maintained  all 
the  while  uniformly  red,  fo  as  to  keep  the  ma- 
terials in  the  lower  veflel  always  in  fufion. 
When  thefe  are  tolerably  pure,  almoft  the  whole 
rifes  in  the  fublimation.  It  is  remarkable  that 
the  fimple  precautions  taken  to  have  a free  cur- 
rent. of  air,  and  to  avoid  breathing  the  duft  of 
the  arfenic  when  the  veflels  are  filled,  are  fuffi- 
cient  to  preferve  the  health  of  the  workmen 
employed  about  this  hazardous  metal. 

The  rough  material  of  this  procefs  is  the  oxyd 
of  arfenic,  obtained  by  roafting  the  Tin  and 
Cobalt  ores,  and  twice  torrefied  before  it  is 
ufed  for  fublimation.  If  thefe  precautions  are 
not  obferved,  the  arfenic  remains  yellow  and 
grey  inftead  of  white. 

As  arfenic  is  a metal  of  little  value  in  itfelf, 
and  fo  detrimental  to  molt  other  metals,  by  ren- 
dering them  brittle  and  unmalleable,  the  analyfis 
of  the  arfenical  ores,  with  a view  to  the  quan- 
tity of  this  metal,  is  a matter  rather  of  curi- 
ofity  than  utility.  When  required,  feveral  me- 
thods have  been  propofed. 

In  the  ores  of  feveral  metals  Amply  mineral- 
ized by  arfenic,  the  quantity  of  this  metal  may 
be  eftimated  roughly  by  the  lofs  which  the  ore 
undergoes  on  roafting.  The  arfenic  which  is 
volatile  in  a red  heat,  flies  off  in  ftrong  garlick- 
fmelling  fumes.  This  way,  however,  is  very 
inaccurate,  for  all  the  arfenic  cannot  be  driven 
off  by  mere  heat,  nor  is  the  refidue  always  in 
the  fame  ftate  of  oxidation  after  as  before  roaft- 
ing, and  confequently  its  weight  may  have 
altered,  independant  of  the  lofs  of  arfenic. 

For  the  analyfis  of  the  native  arfenic,  Bergman 
recommends  to  difl'olve  it  in  four  times  its 
weight  of  nitro-muriatic  acid,  flowly  evaporate 
it  as  long  as  it  remains  clear,  and  then,  by  the 
addition  of  water,  the  arfenical  oxyd  will  alone 
be  precipitated.  This  way,  however,  is  not 
accurate,  as  fome  of  the  arfenic  remains  in  fo- 
lution,  and  a fmall  portion  will  probably  be 
acidified  by  the  nitrous  acid,  and  form  a com- 
pound with  iron,  befides  other  combinations. 
Zinc  will  alfo  precipitate  the  arfenic  from  its 
folution  in  a reguline  ftate. 


* Journ.  Pliyf.  tom.  r. 
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In  the  fulphurets  of  arfenic,  the  arfenic  is 
flowly  diffolved  in  marine  acid,  with  occafional 
addition  of  the  nitrous.  The  folution  proceeds 
languidly,  till  at  laft  only  the  fulphur  is  left  un- 
touched and  in  its  natural  ftate.  This,  collected 
and  weighed,  will  indicate  the  quantity  of 
arfenic  in  the  folution.  Some  objedKon,  how- 
ever applies  to  this  method,  as  part  of  the  ful- 
phur may  alfo  be  acidified  if  the  procefs  is  not 
carried  on  with,  extreme  caution,  but  on  the 
whole  it  appears  an  ufeful  method. 

The  roafting  of  the  arfenical  ores  is  a tedious 
procefs,  and  requires  fome  management.  They 
fhould  always  be  previoufly  ground  to  powder, 
mixed  with  charcoal,  or  better  with  faw-duft, 
and  kept  at  a low  red-heat  for  feveral  hours. 
The  above  admixtures  render  the  arfenic  much 
more  volatile,  by  keeping  it  in  the  reguline  Hate 
(at  which  it  flies  off  with  lefs  heat  than  in  any 
other  form),  and  by  dividing  it  they  prevent  it 
from  clotting  and  running  in  lumps  by  fufion. 
Where  tire  mere  feparation  of  the  arfenic  is  re- 
quired (as  in  eftimating  the  quantity  of  iron  in 
mifpickel),  the  following  way  wall  be  found  by 
much  the  moll  convenient  and  the  fhorteft. d 
Add  to  the  powdered  ore  dilute  nitric  acid,  and 
digeft  with  a gentle  heat.  This  will  diffolve  all 
the  arfenic  and  iron,  whilft  moll  of  the  fulphur, 
with  the  filiceous  refidue,  will  remain  undif- 
folved.  Pour  off  the  nitrated  folution,  mix  with 
it  about  twice  as  much  powdered  charcoal  as 
the  quantity  of  ore  employed,  and  evaporate 
nearly  to  drynefs.  Put  the  refidue  in  a tall  cru- 
cible, and  apply  a briik  red  heat  for  about  ten 
minutes,  by  which  time  the  arfenic  will  be 
almoft  entirely  driven  off  in  copious  fumes,  and 
the  refidue  will  confift  of  little  elfe  than  char- 
coal and  oxyd  of  iron.  Spread  this  upon  a 
heated  tile,  till  tire  charcoal  is  moftly  burned 
off,  by  which  any  arfenic  Hill  adhering  will  be 
diflipated,  and  the  remaining  oxyd  of  iron  may 
be  reduced,  or  eftimated  in  the  way  mentioned 
under  that  metal.  The  nitrous  acid  is  preferable 
to  the  muriatic  in  this  procefs,  as  the  latter, 
when  ftrongly  heated,  volatilizes  part  of  the 
iron  and  renders  the  affay  incorrect. 

As  a general  rule  in  attempting  the  analyfis 
of  the  arfenical  ores  by  nitric  or  nitro-muriatic 
acid  alone,  it  fhould  be  obferved  that  where  the 
obje£t  is  a fimple  folution  of  the  arfenic,  with  a 
view  to  fubfequent  precipitation,  either  by  water 
or  an  alkali,  no  more  acid  fhould  be  employed 
than  is  abfolutely  neceffary ; fince  arfenic  is  a 
fubltance  capable  of  compleat  acidification  by 
the  nitrous  acid  in  fufficient  quantity,  and  when 
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acidified,  it  is  no  longer  precipitable  by  water 
or  by  alkalies,  but  a£ts  quite  a new  part  in  the 
mixture. 

Mifpickel,  a native  alloy  of  arfenic  and  iron, 
is  analyzed  by  Bergman  by  the  nitro-muriatic 
acid.  This  will  indeed  diffolve  both  iron  and 
arfenic,  but  by  flow  digeftion  it  may  be  made 
to  take  up  all  the  iron  before  the  arfenic  is  much 
a£ted  on. 

But  as  in  every  folution  of  arfenic  by  nitric 
acid,  fome  arfenic  acid  will  probably  be  gene- 
rated, another  way  of  analyfis  is  pointed  out 
which  is  by  far  the  moft  accurate.  It  is  the 
compleat  acidification  of  the  arfenic  in  the  firft 
inftance,  and  afterwards  uniting  it  with  lead, 
which  forms  an  infoluble  compound,  the  pro- 
portions of  which  appear  invariable.  The  fol- 
lowing is  M.  Chenevix’s  method  of  analyfing 
mifpickel,  which  may  be  applied  (with  proper 
allowances)  to  eftimating  the  quantity  of  arfenic 
in  any  ore  or  mixture.  Reduce  the  ore e to 
very  fine  powder,  and  compleatly  acidify  it  by 
nitric  acid,  faturate  the  whole  acid  with  an 
alkali,  which  will  form  arfeniated  and  perhaps 
a little  nitrated  alkali,  then  add  nitrated  lead  as 
long  as  any  precipitation  appears.  The  precipi- 
tate is  arfeniated  lead,  ioo  parts  of  which,  dried 
at  a low  red  heat,  contain  33.2  of  arfenic  acid, 
of  which  the  reguline  metallic  part  may  be 
reckoned  at  22  parts.  If  fulphur  be  combined 
with  arfenic,  part  of  it  will  alfo  be  acidified  in 
the  procefs,  and  an  infoluble  fulphat  of  lead 
will  alfo  be  formed  along  with  the  arfeniat. 
Thefe,  however,  are  feparated  by  weak  nitric  or 
by  acetous  acid,  the  arfeniat  of  lead  being  foiu- 
ble  in  this  menftruum,  but  not  the  fulphat  of 
lead.  Hence  the  difference  of  weight  between 
the  precipitate  before  and  after  treatment  with 
the  latter  acid,  will  fhew  the  proportions  of  the 
arfeniat  and  fulphat  of  lead. 

Regulus  of  Arfenic,  or  Arfenic , properly  fo 
called,  may  be  prepared  in  feveral  v/ays,  and 
the  moft  convenient  fubftance  for  procuring  it 
is  the  common  white  arfenic  of  the  fa  ops.  This 
is  a fimple  oxyd  of  the  metal,  and  it  may  be 
reduced  by  heating  with  any  carbonaceous  mat- 
ter ; but  as  arfenic  in  a metallic  ftate  is  even 
more  volatile  than  its  oxyd,  the  common  mode 
of  fufion  will  not  anfwer,  as  the  metal  will 
efcape  in  denfe  fumes  as  fall  as  it  is  produced. 
Sublimation  muft  therefore  be  ufed,  the  white 
arfenic  and  its  reducing  flux  being  heated  to- 
gether in  clofe  veffels,  and  the  fumes  of  the 
reguline  arfenic  being  condenfed  on  a cooler 
part  of  the  fame  or  an  adjoining  veffel.  The 
• Phil.  Tranf.  vol.91. 
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following  mode  is  fimple,  eafily  perfoi'med,  and 
makes  an  interefting  experiment  in  the  fmall 
way.  Mix  white  arfenic  with  oil  into  a mafs 
of  the  confidence  of  loft  dough,  drop  it  into  a 
dry  Florence  flalk,  taking  care  not  to  foil  the 
neck  as  the  mixture  paffes  down,  put  the  veffel 
on  charcoal,  either  naked  or  in  a land  pot,  and 
heat  gradually.  When  hot  enough,  the  oil  be- 
gins to  burn,  and  partly  dies  off  in  thick  fumes, 
blackening  the  neck  of  the  flafk ; thefe  fumes 
loon  acquire  a ftrong  and  moll  offenfive  odour, 
fomewhat  like  garlick,  owing  to  the  efcape  of 
part  of  the  arfenic,  which  fhould  be  carefully 
avoided  by  the  operator.  The  whole  dalk  now 
becomes  obfeure,  fo  that  the  procefs  can  only 
be  judged  of  by  the  copioufnels  of  the  fumes, 
which  prefently  are  feen  to  depofit  black  films 
on  the  neck  of  the  flalk,  like  foot,  but  fym- 
metrically  arranged.  The  heat  lhould  be  flowly 
raifed,  fo  as  to  redden  the  bottom  of  the  flalk, 
and  when  the  fumes  fcarcely  arife,  and  the 
hottell  part  of  the  veffel  is  found  to  be  nearly 
empty,  the  whole  may  be  allowed  to  cool.  On 
breaking  the  veffel  carefully,  nothing  is  found 
in  the  bottom,  as  far  as  it  was  red-hot,  but  a 
light  fpongy  coal,  the  remains  of  the  oil ; all 
above  it,  to  the  very  top  of  the  neck  of  the 
flalk,  is  lined  with  a light  black-grey  cruft,  be- 
neath which,  immediately  adhering  to  the  glafs 
and  taking  the  impreffion  of  its  lhape,  is  a brit- 
tle black  fhining  metallic  fubftance,  which  is 
the  regulus  of  arfenic.  The  neck  of  the  flalk  is 
alfo  covered  with  a number  of  beautiful  greenilh 
tranfparent  pyramidical  cryftals  of  arfenic,  oxy- 
dated  by  the  accefs  of  air  through  the  mouth, 
which  in  condenfing  afl'ume  this  elegant  form. 
To  obtain  the  regulus  more  completely,  the 
whole  of  the  contents  of  the  flalk  lhould  be 
mixed  together  by  rubbing,  and  put  into  a frefh 
flalk  without  addition,  and  again  fublimed  flow- 
ly, Hopping  the  mouth  with  paper,  as  there  is 
now  little  need  of  giving  vent  to  any  fumes 
during  the  procefs.  The  fublimed  regulus  is 
now  as  perfedl  as  it  can  be  obtained,  often 
cryftallized,  and  exhibits  every  mark  of  a true 
metal. 

The  old  method  of  preparing  this  metal  was 
the  following.  White  arfenic  four  parts,  black 
flux  two  parts,  iron  filings  and  borax  each  one 
part,  were  put  into  a covered  crucible,  and 
liaftily  fufed,  after  which  the  veffel  was  imme- 
diately removed  from  the  fire.  Much  of  the 
arfenic  was  diflipated  in  this  way,  but  at  the 
bottom  of  the  crucible  a blueifh  white  regulus 
was  found,  confifting  of  reguline  arfenic,  com- 
bined with  the  iron  into  a hard  alloy,  the  ufe 


of  the  latter  metal  being  only  to  detain  th« 
arfenic  and  prevent  its  volatilization. 

This  alloy  tarnifhes  much  fooner  than  the 
pure  regulus.  By  fublimation  in  clofe  veflels, 
the  arfenic  rifes  much  fooner  than  before,  but 
is  thought  ftiil  to  carry  up  with  it  a fmall  portion 
of  iron,  though  the  greater  part  is  left  behind. 

For  the  molt  delicate  chemical  purpoles,  a 
beautiful  regulus  may  be  made  by  mixing  ar- 
feniat  of  potafh  with  about  one-eighth  of  char- 
coal, and  fubliming  in  a clofe  glafs  veffel  flowly 
heated  to  rednefs.  The  regulus  is  beautifully 
brilliant  and  cryftallized. 

The  regulus  is  equally  prepared  in  the  large 
way  by  fublimation,  in  earthen  veflels,  of  the 
oxyd,  mixed  with  a reducing  flux. 

Arsenic  when  pure  has  the  following  pro- 
perties : its  colour  is  between  a tin-white  and- 
lead-blue,  which  by  expofure  to  air  readily  tar- 
niftres,  the  later  as  it  is  the  purer,  and  becomes 
firft  yellow,  and  then  black  and  pulverulent ; 
but  it  may  be  kept  under  water  unaltered. 
Slowly  fublimed  in  clofe  veflels,  it  cryftallizes 
in  odlahedrons : its  fpecific  gravity  8.308  to 
8.310.  Its  hardnefs  is  about  equal  to  that  of 
copper,  but  it  is  quite  brittle  and  very  eafily 
pulverizable.  Of  all  metals  arfenic  is  the  moll 
volatile  by  heat,  for  it  begins  to  rife  in  fumes  at 
about  356°  Fahrenheit,  that  is,  long  before  it 
melts,  fo  that  it  can  hardly  ever  be  feen  in  a 
ftate  of  fufion.  Thefe  fumes  in  the  open  air 
are  denfe,  white,  and  exhale  a very  peculiar  and 
noxious  fmell,  fomewhat  refembling  garlick, 
which  circumftance  forms  one  of  the  readieft 
tells  for  this  metal  or  its  oxyd.  Arfenic  fud- 
denly  heated  to  rednefs,  by  being  thrown  into  a 
very  hot  crucible,  takes  fire,  and  burns  with  a 
whitifh-blue  flame,  yellow  at  the  edges.  This 
combuftion  is  alfo  finely  {hewn  by  projedling 
fome  arfenic  in  fine  powder,  into  a flalk  full  of 
oxymuriatic  gas : it  takes  fire  inftantly  and 
burns  with  a beautiful  flame. 

The  condenfed  fume  of  arfenic  heated  in  clofe 
veflels  is  the  regulus  unaltered,  but  in  the  open 
air  it  condenfes  into  a white,  fometimes  yel- 
lowilh,  mealy  fubftance,  which  is  the  White 
Oxyd  of  Arfenic,  fimilar  to  the  common  white 
arfenic  of  the  fliops.  This  oxyd  is  alfo  volatile 
per  fe , but  requires  for  the  purpofe  a greater 
heat  than  the  reguline  arfenic,  and  when  mixed 
with  earthy  fubltances  it  acquires  fo  much  fixity 
as  to  prove  a moll  powerful  flux.  See  Glass. 

White  oxyd  of  arfenic  is  more  foluble  in 
water  than  any  other  metallic  oxyd.  About  80 
parts  of  cold  water  diffolve  one  part  of  white 
arfenic,  but  no  more  than  15  or  16  of  boiling 
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water  are  required.  Much  is  depofited  by  cool- 
ing, but  much  more  is  left  in  the  folution  than 
cold  water  alone  could  take  up.  This  folution 
is  clear  and  colourlefs,  has  a fharp  warm  tafte, 
very  permanent  to  the  tongue  and  fomewhat 
fweet,  and  exciting  naufea.  It  reddens  litmus 
tincture,  but  does  not  caufe  any  effervefcence 
with  carbonated  alkali  or  earth.  It  does  not 
alter  fyrup  of  violets. f When  flowly  evapo- 
rated, the  oxyd  feparates  in  minute  cryftals, 
which  are  long,  many-fided,  truncated  at  both 
ends,  and  often  radiated  or  feathery.  The  molt 
regular  form  feems  to  be  a three-fided  pyramid. 
Tliefe  cryftals  expofed  to  the  air  fall  into  a 
mealy  powder,  in  which  they  differ  from  the 
native  and  fublimed  cryftallized  oxyds,  which 
are  permanent. 

Alcohol  diffolves  about  of  its  weight  of 
white  arfenic.  This  oxyd  is  entirely  volatile 
when  heated  without  addition,  and  fublimes 
unaltered,  and  in  this  refpe&  it  differs  from  all 
other  metallic  oxyds,  moft  of  which  are  per- 
manent, and  flow  into  a coloured  glafs  by  in- 
tenfe  fire.  To  fublime  the  white  oxyd  of  arl'enic 
for  experiment,  s a common  phial  fliould  be 
half  filled  with  the  oxyd,  loofely  Hopped,  and 
put  into  a crucible  with  fand,  no  deeper  than 
the  height  to  which  the  bottle  is  filled.  A brifk 
heat  may  be  then  applied,  and  the  oxyd  rifes 
and  condenfes  on  the  upper  part  of  the  bottle, 
but  it  requires  a long  continued  heat  to  fublime 
the  whole.  The  upper  part  of  the  fublimate  is 
ufually  in  a vitriform  ftate,  but  very  regular 
cryftals  may  be  found  difperfed  through  it, 
generally  o&ahedral.  The  heat  at  which  the 
oxyd  begins  to  evaporate  is  about  383°  Fahr.  h 
or  fomewhat  higher  than  the  evaporating  point 
of  the  regulus.  The  fumes  are  equally  ftrong- 
fmelling  and  garlicky,  and  extremely  noxious 
to  breathe.  The  oxyd,  mixed  with  borax  or 
foda,  and  heated  with  the  blowpipe,  runs  into 
a yellow  glafs,  fo  that  it  is  moftly  kept  down  by 
the  faline  flux.  The  fpecific  gravity  of  the  folid 
vitriform  oxyd  of  arfenic  is  about  5.0  j that  of 
the  cryftallized,  about  3.7. 

From  the  ready  folubility  of  this  oxyd,  and 
Its  ftrong  fenfible  properties,  it  was  long  con- 
je&ured  to  poffefs  fomewhat  of  an  acid  nature. 
The  admirable  experiments  of  Scheele  have 
fully  cleared  up  this  point,  and  have  {hewn  that 
arfenic  is  capable  of  complete  acidification, 
forming  a very  Angular  fubftance,  which  we 
fhall  prefently  mention,  and  that  the  white  oxyd 
is  in  a ftate  intermediate  between  the  regulus 
and  the  perfect  acid.  Some  chemifts  have 

1 Pelletier.  * Ibid. 


therefore  termed  it  the  arfenhw  acid,  conform- 
ably with  the  new  nomenclature,  but  as  the 
acid  properties  are  fcarcely  fenfible,  the  term 
white  oxyd  of  arfetiic  is  preferable.  The  com- 
ponent parts  of  this  oxyd  are,  according  to 
Prouft,  1 00  parts  of  arfenic  to  33  of  oxygen. 
The  mode  of  reduction  has  been  deferibed  in 
the  preparation  of  the  regulus  of  arfenic. 

We  proceed  to  the  effect  of  acids  and  other 
reagents  on  arfenic  and  its  oxyd.  The  peculiar 
properties  of  the  arfenic  acid  will  afterwards  be 
noticed,  but  it  fhould  be  obferved,  that  the  ten- 
dency of  arfenic  or  its  oxyd  to  complete  acidi- 
fication is  fo  great,  that  many  acids,  when 
a&ing  ftrongly  upon  this  metal,  not  only  dif- 
folve  it,  but  proceed  to  convert  it,  totally  or 
partially,  into  arfenic  acid.  Flence  the  deferip- 
tion  of  the  preparation  of  this  acid  is  infeparable 
from  that  of  the  operation  of  the  acids  upon  the 
metal  or  its  oxyd. 

Sulphuric  acid,  when  hot,  a£ts  on  arfenic 
flowly.  ‘ Sulphureous  acid  is  given  out,  and 
fome  fulphur  fublimes.  The  undifl'olved  refidue 
refembles  the  white  oxyd.  White  oxyd  of 
arfenic  foon  diffolves  in  boiling  and  concen- 
trated fulphuric  acid,  and  a granular  cryftalline 
mafs  is  left,  which  however  is  not  a perfebt 
fulphat  of  arfenic,  as  it  is  partly  mixed  with 
arfenic  acid.  By  repeated  abftradKon  of  two 
parts  of  fulphuric  acid  to  one  of  the  oxyd,  and 
at  laft  by  heating  the  retort  red  hot,  the  refidue 
no  longer  fublimes  like  white  arfenic,  but  melts 
to  a cryftalline  mafs,  which  in  the  air  becomes 
opake,  and  deliquefees  into  a four  liquid,  con- 
fiding almoft  entirely  of  arfenic  acid  generated 
in  the  procefs.  This  however  is  tedious  and 
difficult.  By  the  blowpipe  on  charcoal  it  returns 
to  the  ftate  of  white  oxyd. 

Muriatic  acid  difl'olves  arfenic  only  when 
heated,  but  then  eafily,  and  with  the  emiflion 
of  arfeniated  hydrogen  gas.  About  a third  of 
the  weight  of  the  acid  is  diffolved.  The  greater 
part  feparates  by  cooling  into  cryftalline  grains. 
The  white  oxyd  is  more  readily  foluble  in  this 
acid.  The  cryftallized  muriated  arfenic  readily 
fublimes  when  heated.  The  faturated  folution 
depofits  almoft  the  whole  of  its  oxyd  by  the 
affufion  of  water,  a method  fometimes  ufed  in 
analyfis.  A Angular  combination  of  muriatic 
acid,  with  oxyd  of  arfenic,  termed  butter  of 
arfenic , is  formed  by  diftillation.  This  will  be 
deferibed  when  noticing  the  arfenic  acid. 

Nitric  acid,  even  diluted,  attacks  arfenic  vio- 
lently when  heated,  and  nitrous,  gas  is  given 
out  in  abundance.  The  metal  is  firft  changed 

**  Bergman,  1 Gren. 
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to  the  white  oxyd  in  this  procefs,  and  by  more 
acid  is  diffolved,  and  depofits  on  cooling  a gra- 
nular nitrated  arfenic.  Water  alio  precipitates 
the  oxyd  from  the  faturated  folution.  The 
cryftals  of  this  fait  are  cubical  or  odlahedral. 
When  heated  alone,  the  remaining  nitrous  gas 
is  driven  off  from  the  cryftals,  and  in  the  procefs 
they  appear  to  pafs  to  the  ftate  of  arfenic  acid, 
and  thus  to  acquire  fixity  in  the  fire,  this  pro- 
perty being  a ftriking  mark  of  difference  be- 
tween the  arfenic  acid  and  the  regulus  or  its 
oxyds.  An  excefs  of  nitric  acid  converts  arfenic 
or  its  oxyd  entirely  into  arfenic  acid,  as  will 
afterwards  be  mentioned. 

The  nitro-muriatic  acid  may  be  made  either 
a perfedb  and  fimple  folvent  of  arfenic  and  its 
oxyd,  or  a method  of  compleatly  oxygenating  it 
and  converting  it  to  arfenic  acid.  Nitro-muri- 
atic acid  flowly  digefted  on  arfenic  or  its  oxyd, 
difl'olves  it  with  little  alteration,  and  the  oxyd 
is  moftly  precipitable  by  water,  or  efpecially  by 
alcohol : whereas  a different  management  of  the 
two  acids  compleatly  acidifies  the  arfenic. 

Fluoric  acid  has  no  action  on  arfenic.  It 
diflolves  the  white  oxyd  into  a cryftalline  fluat 
of  arfenic,  but  little  known. 

Boracic  acid  a£ts  only  on  the  oxyd.  Thefe 
fub fiances  will  unite  by  fufion,  and  a borat  of 
arfenic  is  formed,  k partly  in  powder,  partly  in 
arborefcent  fpicuke,  when  difl'olved  and  cryflal- 
lized  by  evaporation. 

The  other  acid  falts  of  arfenic  are  but  little 
known.  In  general  thefe  acids  have  no  adlion 
on  arfenic,  but  diffolve  the  oxyd  (which  indeed 
is  extremely  foluble  in  almoft  every  menftruum), 
and  form  cryftallizable  combinations. 

Arsenic  Acid.  We  are  indebted  to  the 
admirable  fkill  and  fagacity  of  Scheele  for  our 
firft  knowledge  of  this  acid,  and  of  molt  of  its 
known  combinations.  To  prepare  it,  put  2 
ounces  of  white  arfenic  into  a retort,  with  7 
ounces  of  muriatic  acid,  and  diffolve  the  arfenic 
by  boiling  : then,  when  ftill  hot,  add  3 j ounces 
of  pure  nitrous  acid,  and  again  heat.  The 
mixture  foon  foams,  and  red  nitrous  vapour 
efcapes.  When  this  lafl  appearance  has  ceafed, 
add  another  ounce  of  white  arfenic,  diffolve 
by  boiling  as  before,  and  then  add  i-f-  ounce 
additional  of  nitrous  acid,  whereby  the  fame 
ebullition  and  efcape  of  red  vapour  will  be 
renewed.  Diftill  the  whole  to  drynefs,  till  a 
white  mafs  remains  in  the  retort,  which  fliould 
be  gradually  heated  to  rednefs.  When  the 
retort  is  cold,  break  it,  and  the  dry  fubftance 
within  is  the  concrete  acid  of  arfenic , which  is 
* Grcn.  1 journ,  de  Phyf.  tom 


tranfparent  when  hot,  but  on  cooling  becomes 
white  and  opake.  Diffolved  in  water,  it  forms 
a ftrong  acid  liquor,  leaving  behind  fome  filiceous 
earth,  acquired  from  the  retort,  which  is  much 
corroded  in  the  procefs.  The  concrete  acid  alfo 
deliquefees  by  keeping  in  a moifl  place,  and 
runs  into  the  fame  acid  liquor. 

In  the  above  procefs,  the  ufe  of  the  muriatic 
acid  is  to  keep  the  arfenic  diffolved  whilft  the 
nitrous  acidifies  it.  If  economy  of  the  diftilled 
nitro-muriatic  acid  be  no  obje£t,  the  fecond 
addition  of  white  arfenic  and  nitric  acid  may 
be  fpared,  and  the  whole  taken  at  once,  that  is, 
3 parts  of  white  oxyd,  diflolved  in  7 parts 
of  muriatic  acid,  and  5 parts  of  nitric  acid, 
added  when  the  folution  is  effected.  Towards 
the  end,  when  the  arfenic  acid  is  nearly  drv, 
the  expulfion  of  the  laft-adhering  portion  of 
nitric  acid  is  attended  with  a boiiing  up,  which 
is  apt  to  carry  with  it  part  of  the  acid  of  arfenic, 
and  thus  an  error  arifes  in  ellimating  the  quan- 
tity produced.  To  prevent  it,  Prouft  1 gently 
fliakes  the  retort  at  this  period  with  a rotatory 
motion,  which  much  promotes  the  eafy  volati- 
lization of  the  nitrous  acid,  prevents  the  ebul- 
lition, and  the  metallic  acid  thickens  imme- 
diately. In  applying  the  red  heat  to  dry  it 
thoroughly,  it  fliould  be  continued  till  a few 
cryftalline  ftreaks  of  fublimcd  oxyd  of  arfenic 
appear  in  the  top  of  the  retort ; that  is,  till  the 
acid  begins  to  be  fpontaneoufly  decompofed  by 
heat.  It  is  then  quite  pure. 

A fpeedier  way  of  preparing  this  acid  is  the 
following  : m mix  together  in  a crucible  2 parts 
of  muriatic  acid  of  1.2  of  fpecific  gravity,  8 
parts  of  white  oxyd  of  arfenic,  and  24  parts  of 
nitric  acid  of  1.25  fpecific  gravity.  Evaporate 
to  drynefs,  and  expofe  the  mafs  to  a flight  red 
heat.  The  quantity  of  the  acids  recommended 
varies  confiderably,  but  no  harm  can  enfue  from 
ufing  an  exeefs  of  them,  beyond  the  lofs  of 
acid  ; and  on  the  other  hand,  if  too  little  be 
employed  for  acidifying  all  the  arfenic,  it  is 
probable  that  all  the  imperfecllv  oxidated  por- 
tion will  fly  off'  in  the  heat,  and  the  arfenic  acid 
left  behind  will  be  equally  pure. 

Arfenic  acid  has  but  little  tafte  till  previoufly 
diffolved  in  water,  when  it  is  extremely  four. 
Its  fpecific  gravity  when  dry  is  about  3.391. 
Compared  with  arfenic,  its  oxyds,  its  l'ulphuret, 
or  faline  compounds,  it  is  remarkably  fixed  in 
the  fire,  all  the  other  arfenical  preparations 
readily  fubliming  it  lefs  than  a red  heat.  In  a 
high  heat,  however,  the  acid  itfelf  is  partly  de- 
compofed, and  by  lofing  oxygen  a portion  of 
49.  m Thomfon’s  Chemiftry. 
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white  ox  yd  is  generated,  which  fublimes. 
this  is  done  in  a crucible,  the  clay  of  this  vefl'el 
will  be  firongly  attacked  by  part  of  the  acid 
when  red  hot,  forming  a permanently  fixed 
glals,  but  by  repeated  foJution  in  water  and 
filtration,  molt  of  the  clay  is  again  feparated. 
When  this  acid  is  long  heated  to  rednefs  in  a 
glals  retort,  this  lalt  becomes  entirely  corroded, 
fo  as  when  cold  to  crumble  between  the  fingers. 
According  to  Proud,  and  other  confirming  cal- 
culations, loo  parts  of  arfenic  in  the  metallic 
Hate  acquire  33  of  oxygen  when  converted  into 
the  white, oxyd,  and  20  additional  oxygen  when 
completely  acidified.  So  that  100  parts  of  the 
white  oxyd  are  compofed  of  about  73  of  arfenic 
and  25  of  oxygen;  and  100  parts  of  the  acid 
contain  6;. 4 of  arfenic  and  34.6  of  oxygen. 

The  adtion  of  the  oxygenized  muriatic  acid 
on  arfenic  is  very  ftriking.  It  was  firll  noticed 
by  Scheele.  Let  the  vapour  of  this  acid  (pre- 
pared from  muriatic  acid  diddled  from  oxyd  of 
manganefe)  be  received  into  a vefl'el  containing 
the  white  oxyd  of  arfenic  and  water.  The  acid 
vapour  is  fpeedily  abforbed,  and  fome  hours 
afterwards  the  arfenic  will  be  diflolved,  forming 
two  liquid  llrata,  immifcible  with  each  others 
Let  thefe  be  rediftilled  from  a clean  retort,  gra- 
dually heated  to  rednefs,  and  the  product  will 
again  be  two  feparate  liquids,  of  very  different 
weight.  The  lowed  and  heaviefc  is  a peculiar 
combination  of  muriatic  acid  with  arfenic  highly 
oxydated,  but  net  to  complete  acidification, 
and  from  its  denfity  is  called  Butter  of  arfenic. 
The  upper  liquid  is  acid  of  arfenic  generated  by 
the  action  of  the  oxymuriatic  acid,  and  diflolved 
in  water  with  a portion  of  muriatic  acid.  A 
frefli  didillation  caufes  the  butter  to  rife,  and  to 
pafs  into  the  receiver  in  the  form  of  a heavy  oil, 
whilfl  the  perfect  acid  of  arfenic  remains,  and 
may  be  obtained  pure  by  didillation  to  drynefs, 
and  gently  reddening  the  retort.  The  acid  thus 
obtained  in  no  rcfpe£t  differs  from  that  prepared 
by  the  nitric  acid. 

Butter  of  arfenic  is  produced  in  mod  cafes 
where,  during  didillation,  arfenic  or  its  oxyd  is 
in  contact  with  muriatic  acid  at  the  moment  of 
its  evolution,  together  with  an  excefs  of  oxy- 
gen. It  is  dill  uncertain  whether  the  muriatic 
acid  fird  combines  with  the  oxygen  previous  to 
its  a&ion  on  the  metal,  and  what  is  the  exact 
date  of  combination  of  ingredients  in  the  me- 
tallic butter.  If  orpiment  (or  fulphuret  of  arfenic) 
be  diltilled  with  triple  its  weight  of  corrofive 
fublimate  of  mercury,  two  liquids  pafs  over  into 
{he  receiver,  and  by  urging  the  heat,  cinnabar 
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is  fublimed.  Thefe  two  liquids  are  equally 
obtained  (but  without  the  cinnabar)  by  diddling 
in  a land-bath  1 part  of  white  arfenic  with  3 oi 
common  fak,  and  1^  of  calcined  vitriol.  The 
heavielt  liquor,  which  is  thick  and  brown,  but 
tranfparent,  comes  over  fird  ; the  lighted,  which 
is  yellow  and  thin,  fucceeds.  The  heavy  liquid 
is  the  butter  of  .arfenic,  which,  expofed  to  air, 
fends  out  a white  fume,  and  gradually  abforbs 
the  atmofpheric  moidure,  whereby  the  diflolved 
oxyd  of  arfenic  is  flowly  precipitated. n An 
indant  reparation  of  the  white  oxyd  in  fine  pow- 
der takes  place  on  adding  water,  as  is  the  cafe 
with  the  other  metallic  butters.  Tire  fumes  of 
the  arfenical  butter  are  pungent,  like  fulphu- 
reous  acid.  The  upper  thin  liquid  (called  by 
fome  the  oil  of  arfenic)  equally  lets  fall  a white 
oxyd  on  adding  water,  or  alcohol,  or  alkalies, 
and  with  the  latter  it  eff’ervefees.  By  flow  eva- 
poration crydals  appear,  limilar  in  properties  to 
thofe  of  the  common  muriated  arfenic,  but  ex- 
tremely volatile  by  heat.  When  corrofive  fub- 
limate is  ufed  in  the  preparation,  all  the  mercury 
appears  to  remain  in  union  with  the  fulphur  of 
the  orpiment,  forming  the  red  fulphuret  of  mer- 
cury or  cinnabar.  The  precife  difference  be- 
tween thefe  two  lingular  liquids  is  not  well 
known,  but  they  appear  to  be  little  elfe  than 
muriatic  acid  in  fome  form  of  union  with  oxyd 
of  arfenic,  and  more  abundant  in  the  butter ; 
and  hence  more  of  this,  in  proportion  to  the 
oil,  is  obtained,  by  letting  the  materials  ffand 
together  intimately  mixed,  for  fome  time  before 
didillation.  Dilute  muriatic  acid  a£Is  merely 
as  water  in  feparating  the  oxyd  from  botli  the 
oil  and  the  butter;  the  drong  acid  Amply  re- 
mains immifcible  with  the  butter.  Arfenic 
dccompofes  corrofive  fublimate  equally  with 
orpiment,  and  the  products  are,  befides  the 
butter,  calomel  and  fome  running  mercury." 
The  oxyd  of  arfenic,  on  the  other  hand,  pro- 
duces no  change  on  corrofive  fublimate,  and  o» 
fublimation  they  each  rife  unaltered. 

Arfenic  acid  forms  a variety  of  interefting 
compounds  with  alkalies  and  metallic  oxyds,  and 
in  this  point  of  view  it  requires  a feparate  notice. 
Several  of  thefe  falts  will  be  described  in  the 
fucceeding  article  of  Arseni ats.  In  forming 
many  of  thefe  compounds  the  acid  remains  un- 
altered, following  its  affinities  as  an  acid  : but 
in  all  its  faline  combinations,  as  well  as  in  a free 
date,  it  is  readily  deoxygenized,  more  or  lefs 
perfectly,  by  heating  with  any  carbonaceous 
matter.  When  it  has  thereby  lod  its  acid  proper- 
ties, it  then  acquires  great  volatility  in  fire, 
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and  gives  that  peculiar  odour  which  diftin- 
guifhes  heated  arfenic  or  its  oxyd.  Thus, 
arfenic  acid  heated  in  a platina  fpooti  by  the 
blowpipe,  limply  melts  into  a glafs,  and  gives 
neither  fume  nor  fmell  •,  but  heated  on  charcoal 
it  is  volatilized  with  a white  denfe  fmoke  and  a 
ftrong  arfenical  fmell.  Pelletier  decompofed  it 
by  hydrogen ; for  on  palling  this  gas  through  a 
folution  of  arfenic  acid  in  diftilled  water,  it 
foon  became  turbid,  and  a black  fediment  fub- 
fided^  which  proved  to  be  arfenic  in  its  reguline 
ftate.  Another  complicated  reduction,  but  in 
which  hydrogen  appears  to  be  the  real  agent,  is 
the  following.  If  a piece  of  iron  or  zinc  is 
thrown  into  liquid  arfenic  acid,  and  a little 
muriatic  acid  added,  a great  effervefcence  of 
hydrogen  enfues,  and  a precipitate  of  metallic 
arfenic  is  thrown  down,  mixed  with  arfeniat  of 
zinc,  which  latter  is  feparable  from  the  arfenic 
by  cold  muriatic  acid.  If  the  folution  of  the 
white  oxyd  of  arfenic  in  water  be  put  in  limilar 
circumftances,  the  precipitate  is  entirely  metallic 
arfenic. p Scheele  effected  the  fame  decom- 
pofition  by  charcoal,  for  on  mixing  this  acid 
with  charcoal  powder,  putting  them  in  a retort, 
driving  off  all  the  moillure,  and  then  luting  on 
a receiver  and  increaling  the  heat  to  rednefs,  a 
fhining  regulus  of  very  pure  arfenic  fublimed 
into  the  neck  of  the  retort,  mixed  with  oxyd  of 
arfenic,  and  a little  charcoal  duff. 

Pelletier  alfo  decompofed  it  by  phofphorus. 
If  a flick  of  phofphorus  is  immerfed  in  liquid 
arfenic  acid,  in  a few  hours  the  phofphorus 
blackens,  and  in  time  becomes  covered  by  a 
very  bright  black  metallic  coating,  which  is  re- 
duced arfenic  whilft  the  remaining  liquor  now 
contains  phofphoric  acid. 

Arfenic  acid  is  reduced  to  the  ftate  of  white 
oxyd  by  digeftion  with  its  own  regulus.  This 
fliews  in  a ftriking  manner  the  encreafed  degree 
of  oxidation  of  the  acid  over  the  white  oxyd. 

# # % 

Arfenic  is  little  a£led  on  by  the  alkalies  or 
alkaline  earths : but  the  white  oxyd  largely,  and 
with  eafe.  When  faturated  liquid  potafh  is 
digefted  with  this  oxyd,  aflifted  by  heat,  a folu- 
tion of  the  arfenic  readily  takes  place,  and  gives 
a thick  ropy  tenacious  fluid,  of  a ftrong  ungrate- 
ful fmell,  which  on  cooling  becomes  brittle  and 
hard.  This  has  been  termed  Liver  of  arfenic. 
It  is  uncryftallizable,  readily  mifeibie  with 
water,  and  in  the  fire  the  oxyd  moftly  flies  off. 
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Acids  feparate  the  white  oxyd,  but  do  not  pre- 
cipitate the  whole  of  the  metal,  for  a fmall 
portion  always  becomes  converted  in  the  procefs 
into  arfenic  acid,  which  unites  with  part  of  the 
alkali  as  any  other  acid,  and  being  largely  folu- 
ble  in  water  cannot  be  made  to  precipitate  by 
any  other  acid,  even  by  thofe  that  have  a ftronger 
affinity  for  alkalies.  The  union  of  arfenic  acid 
and  the  alkalies  produces  fome  of  the  moft  im- 
portant arfeniats,  to  be  prefently  deferibed. 
White  arfenic  is  a£ted  on  by  foda  nearly  as  by 
potafh.  The  carbonats  of  thefe  two  alkalies  alfo 
diffolve  white  arfenic  very  largely.  This  union 
of  white  arfenic  and  the  fixed  alkalies  alfo 
takes  place  in  the  dry  way  by  a melting  heat, 
potafh  fixing  twice,  and  foda  three  times  its 
weight  of  white  arfenic,  according  to  Bergman. 

Liquid  ammonia  forms  a white  concrete  mafs 
with  white  arfenic,  which  when  dry  adheres  to 
glafs,  but  is  foluble  in  water,  and  by  flow  eva- 
poration gives  fmall  cryftals.  q This  folution  is 
not  decompofable  by  acids,  and  the  metallic 
oxyd  appears  to  be  brought  nearly  to  the  ftate 
of  perfe£t  oxidation. 

Lime  and  barytic-water  diffolve  fome  white 
oxyd,  which  the  acids  again  feparate.  By  fufion, 
thefe  earths  unite  with  white  arfenic  into  a glafs, 
at  firft  tranfparent,  but  foon  becoming  opake  in 
the  air.  Strontian  probably  a£ls  like  barytes, 
but  the  other  earths  appear  to  have  no  fpecific 
action  on  the  oxyd,  though  they  readily  fufe 
along  with  it,  when  aflifted  by  lime  or  barytes, 
into  a clear  glafs,  to  which  the  oxyd  proves  a 
moft  powerful  flux.  All  glaffes  holding  a large 
portion  of  this  metal  are  apt  to  become  cloudy 
by  expofure  to  the  atmofphere. 

Fat  oils  diffolve  arfenic,  and  more  readily  its 
oxyd,  into  a plaftery  mafs.  Eflential  oils  take 
up  fome  of  the  oxyd. 

Arseniats.  The  arfenic  acid  unites  (like 
the  other  acids)  with  all  the  alkalies,  and  with 
fome  of  the  earths  and  metals.  Thefe  com- 
pounds are  many  of  them  highly  interefting. 

If  the  acid  of  arfenic  be  faturated  with  potafh,. 
fo  as  to  leave  howevera  flight  excefs  of  acid,  a 
neutral  fait  is  obtained,  which  cryftallizes  with 
great  facility,  and  is  the  arfeniat  of  potafh.  It  is 
procured  with  more  eafe  by  the  diftillation  of 
white  arfenic  with  nitre,  a procefs  well  known 
to  the  older  chemifts,  but  the  exa£l  theory  of 
the  operation  was  not  underftood  till  Scheele’ft 
difeoyery  of  the  arfenic  acid. 

It  is  very  accurately  performed  in  the  follow- 
ing manner.  Mix  equal  parts  of  white  arfenic 
and  nitre,  put  them  into  a retort  to  which  is 
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added  a receiver,  but  not  luted,  or  better,  a 
Woulfe’s  apparatus.  The  retort  fhould  be  large, 
on  account  of  the  great  fwelling  of  the  materials 
when  they  begin  to  a£t.  Apply  heat,  and  foon 
a large  quantity  of  a very  red  incoercible  nitrous 
vapour  is  given  out,  which  on  account  of  its 
very  fuffbeating  power  fhould  be  conducted  up 
a chimney.  If  palled  through  water,  a part 
is  condenfed,  but  much  of  it  paffes  through, 
and  appears  to  be  nitrous  gas.  From  a mixture 
of  fixteen  ounces  of  each  of  the  materials  (arfenic 
and  nitre)  Pelletier  obtained  2739  cubic  inches 
of  this  gas.  When  the  nitrous  acid  and  gas 
ceafe  to  come  over,  and  the  retort  is  flightly 
red  hot,  the  procefs  is  compleated,  and  the 
refidue,  diflolved  to  faturation  in  hot  water, 
affords  on  cooling  fine  cryflals  of  arfeniat  of 
potafh,  mixed  perhaps  with  a little  undecom- 
pofed  nitre,  from  which  it  is  eafily  diftinguifhed 
by  the  form,  whitenefs,  and  heavinefs  of  its 
cryftals.  A further  evaporation  and  cooling 
afford  more  of  this  fait.  Its  ufual  form  is  a 
four-fided  pril'm,  terminated  by  tetrahedral  pyra- 
mids. The  diftillation  of  arfenic  and  nitre  was 
long  known  to  furnifh  the  abovementioned  very 
fuming  fcarcely  condenfible  nitrous  acid,  but 
Macquer  was  the  firft:  who  obtained  the  arfenical 
fait  from  the  refidue,  and  hence  it  is  alfo  called 
Macquer’ s neutral  arfenical  fait.  A complicated 
apparatus  is  not  at  all  neceffary  to  procure  it ; if 
it  be  no  object  to  the  chemift  to  preferve  the 
nitrous  acid  that  diftills,  a fimple  flafk  will 
anfwer  every  purpofe.  The  acid  then  flies  off, 
and  the  arfenical  fait  remains  in  the  flafk  with 
the  other  refidue.  This  fait  may  alfo  be  pre- 
pared in  a crucible  in  the  following  way. r Melt 
nitre  in  a crucible  made  red  hot  only  at  the 
bottom,  then  throw  in  a little  white  arfenic  on 
the  point  of  a knife,  which  will  caufe  much  red 
vapour  and  effervefcence.  Repeat  this  addition 
by  intervals,  till  the  nitre  begins  to  flow  thick 
and  pally.  When  cold,  diffolve  cut  the  mafs 
with  hot  water,  and  by  due  evaporation  arfeniat 
of  potafh  will  be  obtained. 

In  all  the  above  procefles  the  oxyd  of  arfenic 
firft  becomes  fully  oxydated  by  the  acid  of  the 
nitre,  and  immediately  unites  with  the  alkali  of 
this  fait,  while  the  acid,  partly  decompofed 
and  partly  expelled  by  the  metallic  oxyd,  flies 
off  in  red  acid  and  nitrous  gas.  To  cryflallize 
readily,  there  fhould  not  be  an  excefs  of  alkali, 
for  in  this  cafe  the  cryflals  will  be  fmall  and 
deliquefcent.  Therefore  no  more  nitre  fhould 
be  ufed  than  is  requifite  to  acidify  the  arfenical 
oxyd,  nor  fhould  it  be  too  much  or  too  long 
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heated,  for  nitre  lofes  its  acid  Amply  by  heat, 
and  thus  an  excefs  of  alkali  is  produced. 

Arfeniat  of  potafh  is  extremely  fixed  in  the 
fire.  It  will  bear  long  fufion  in  a red  heat 
without  decompofition.  Mixed  with  about  an 
eighth  of  charcoal  powder,  and  heated  in  a clofe 
veffel,  the  whole  of  the  arfenic  rifes  in  the  form 
of  very  fine  fublimed  regulus,  and  the  refidue 
is  a carbonated  hlkali  mixed  with  part  of  the 
charcoal. 

In  eflimating  the  affinities  of  arfenic  acid  to 
the  fixed  alkalies,  compared  with  other  acids, 
their  degree  of  fixity  in  heat  fhould  be  taken 
into  confideration,  for  the  arfenic  acid  is  per- 
manent at  a very  high  temperature,  and  thus 
will  take  the  place  of  a flronger  acid  with  an 
alkali,  when  the  latter  acid  is  volatile  or  decom- 
pofable  by  fire.  Thus  if  one  part  of  fulphuric 
acid  is  added  to  two  parts  of  arfeniat  of  potafh,  * 
and  heated  no  further  than  to  rednefs,  the  refidue 
is  a flrongly  deliqufeent  acid  mafs,  confiding 
chiefly  of  free  arfenic  acid  and  fulphat  of  potafh. 
But  if  the  fire  be  urged  further,  the  fulphuric 
acid  is  again  expelled,  and  diftills  over,  partly 
as  fulphuric,  partly  as  fulphureous  acid,  whilft 
the  arlenic  acid  remains  behind,  and  again  unites 
with  the  alkali. 

Arfeniat  of  Soda  is  formed  as  in  the  preceding 
cafe,  either  by  the  direbl  union  of  the  arfenic 
acid  with  the  alkali,  or  by  the  decompofition  of 
the  alkaline  nitrat,  which  in  this  cafe  mult  be 
the  nitrat  of  foda,  or  quadrangular  nitre.  The 
form  of  the  cryflalline  fait  is  a hexagonal  prifm 
truncated  at  the  extremities.  To  cryflallize 
eafily,  it  is  requifite  (according  to  Scheele)  that 
there  be  a flight  excefs,  not  of  acid  as  in  the 
former  cafe,  but  of  alkali,  for  if  more  acid  of 
arfenic  be  added  to  the  folution,  only  a confufed 
deliquefcent  mafs  is  obtained.  If  one  part  of 
common  fait  is  diftilled  with  three  parts  of  acid 
of  arfenic, 1 with  a heat  flowly  encreafed  to  red- 
nefs, muriatic  acid  diftills,  and  the  refidue  is 
fome  common  fait  mixed  with  arfenic  acid  and 
foda,  but  with  the  acid  in  excefs,  and  therefore 
uncryftallizable  till  this  excefs  is  neutralized  by 
the  addition  of  chalk  or  alkali. 

The  volatile  alkali  faturated  with  arfenic  acid 
gives  on  evaporation  arfeniat  of  ammonia,  which 
is  not  cryftallizable,  either  when  the  ingredients 
are  exablly  faturated  or  when  the  acid  is  in 
excefs.  In  the  former  cafe  the  form  is  a perfedl 
rhomboid, u refembling  rhomboidal  nitre  and 
permanent ; in  the  latter,  the  cryftals  are  long, 
radiated,  and  deliquefcent.  Like  the  two  former 
falts,  this  may  be  formed  by  diltilling  oxyd  of 
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.nr feme  with  the  alkaline  nitrat,  but  here  fome 
peculiar  circumftances  occur.  Let  white  arfenic 
and  nitrat  of  ammonia  be  mixed  together,  and 
put  into  a roomy  retort  with  a large  receiver. 
The  fire  mult  here  be  very  moderate,  otherwife 
the  nitrat  would  fpontaneoufly  take  fire  and 
deflagrate,  as  it  always  does  when  heated 
ftrongly,  even  without  addition.  The  products 
are,  fuming  nitrous  acid,  then  nitrat  of  ammo- 
nia and  difengaged  ammonia,  and  if  too  much 
heat  is  ufed,  fome  oxyd  of  arfenic  fublimes. 
The  refidue  is  arfeniat  of  ammonia,  in  the  form 
of  a vitreous  mafs,  but  with  fuch  an  excefs  of 
acid  as  to  corrode  the  glafs  of  the  retort  juft  as 
pure  arfenic  acid  does,  and  to  make  it  crumble 
between  the  fingers.  If  carbonat  of  ammonia 
is  added  to  faturation,  a great  effervefcence 
takes  place,  and  the  folution  now  affords  the 
perfect  rhomboidal  arfeniat  of  ammonia.  This 
decompofition  of  nitrated  ammonia  by  oxyd  of 
arfenic,  may  alfo  be  performed  in  a crucible 
heated  flightly  red,  by  proje£iing  fucceftlvely 
final!  portions  of  the  mixture.  But  here  the 
excefs  of  arfenic  acid  a£ts  on  the  clay  of  the 
crucible,  as  it  did  on  the  glafs  of  the  retort  in 
the  former  inftance,  and  it  requires  feveral 
ftltrations  and  folutions  to  deprive  it  of  this 
argillaceous  impurity. 

Arfeniat  of  ammonia  does  not  retain  its  alkali 
when  heated, as  the  two  preceding  falts  do.  When 
diftilled  it  yields,  firft  liquid  ammonia,  then 
white  arfenic  fublimes,  and  at  tire  fame  time 
much  azotic  gas  is  given  out,  and  at  laft  a white 
mafs  remains  quite  fixed  in  the  fire,  which  is 
pure  arfenic  acid  ; v and  on  encreafing  the  heat 
it  melts,  ftrongly  corroding  the  glafs.  The 
production  of  the  azotic  gas,  and  the  concomi- 
tant fublimation  of  the  white  oxyd,  are  to  be 
attributed  to  the  decompofition  of  part  of  the 
ammonia,  its  hydrogen  reducing  part  of  the 
perfeCt  acid  into  the  imperfedt  oxyd,  whilft  its 
azot  rifes  in  the  form  of  a gas. 

The  combinations  of  the  arfenic  acid  with  the 
earths  are  little  known,  and  comparatively  of 
little  importance. 

Acid  of  arfenic  dropped  into  lime-water  forms 
an  arfeniat  of  lime , which  being  fcarcely  more 
loluble  than  lulphat  of  lime,  finks  to  the  bottom 
in  the  form  of  minute  cryftals.  An  excefs  of 
acid  redilfolves  them.  This  fait  is  produced  in 
the  way  of  double  affinity,  by  the  addition  of 
the  nitrat,  acetite,  and  fome  other  falts  of  lime 
with  the  arfeniated  alkalies. 

Arfeniat  of  Magnefa  is  uncryftallizable  and 
little  known. 


The  acid  of  arfenic  a£ts  with  great  energy  on 
many  of  the  metals  forming  metallic  arfeniat s , 
whole  properties  are  curious  and  interefting. 
Some  of  thefe,  as  the  arfeniats  of  iron  and  cop- 
per, are  found  native.  They  will  all  be  deferibed 
under  the  refpeCtive  metals,  a few  of  their  pro- 
perties only  wiil  be  mentioned  here,  as  relating 
particularly  to  chemical  analyfis.  The  metallic 
arfeniats  may  all  be  formed  by  double  affinity, 
by  adding  liquid  arfeniat  of  potafh  to  the  metallic 
fulphats,  nitrats,  muriats,  acetites,  8c c.  The 
arfeniated  metal  thus  produced  is  often  a pre- 
cipitate. Thus  if  arfeniat  of  potafh  is  added  to 
nitrat  of  filver,  a brown-red  arfeniat  of  filver  is 
produced,  and  the  folution  contains  nitrated 
potalh,  with  fome  undecompofed  nitrated  filver. 
The  aqueous  folution  of  the  white  oxyd  of 
arfenic  gives  a dirty  white  precipitate.  Nitrated 
iron  gives  a white  precipitate  with  arfeniat  of 
potalh.  With  all  the  falts  of  lead  a white  pre- 
cipitate of  arfeniated  lead  is  produced.  This 
takes  place  even  when  arfenic  acid  alone  is 
added  to  acetite  of  lead,  but  more  flowly,  the 
acid  gradually  faturating  itfelf  with  the  oxyd  of 
lead  before  it  precipitates.  This  arfeniat  is  alfo 
produced  when  acetite  or  nitrat  of  lead  is  added 
to  arfeniat  of  copper,  and  it  has  been  generally 
adopted  in  analyfis  on  account  of  the  apparent 
uniformity  of  the  compound,  confiding  of  33-2 
per  cent,  of  folid  arfenic  acid,  fo  that  100  grains 
of  this  acid  weigh  297  grains  when  faturated 
with  lead.  This  arfeniat  is  infoluble  in  water 
or  alcohol,  and  hence  when  arfeniat  of  copper 
is  decompofed  by  nitrat  or  acetite  of  lead,  the 
refulting  nitrat  or  acetite  of  copper  may  be 
readily  fieparated  from  the  arfeniat  of  lead  by 
alcohol.  This  arfeniat  when  heated  by  the  blow- 
pipe on  charcoal  is  reduced,  the  arfenic  flies  off 
in  denfe  garlic-fmelling  fumes,  and  a globule 
of  pure  lead  is  left  behind:  it  is  thus  diftinguifhed 
from  the  fulphat  of  lead.  The  arfeniat  of  filver 
is  reduced  in  the  fame  manner,  and  a globule 
of  pure  filver  left  behind. 

A precipitate,  formed  by  the  addition  of 
arfeniat  of  potafh  to  fulphat  of  copper,  was  firft 
pointed  out  by  Scheele,  and  is  called  after  the 
inventor,  Scheele1  s Green.  (See  Copper.) 

* # # 

The  compounds  of  arfenic  with  fulphur  merit 
attention.  Both  the  regulus  and  white  oxyd 
unite  readily  with  fulphur,  and  the  refult  is  an 
amorphous  mafs,  of  a fine  yellow  or  red,  ac- 
cording to  the  proportions,  called  in  the  former 
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cafe  yellow  arfcnic , in  the  latter  fandarac  or 
realgar.  Similar  combinations  are  alfo  found 
native,  and  have  been  already  mentioned.  The 
exa£t  proportions  of  each  vary  according  to  cir- 
cumftances,  and  it  is  not  precifely  determined 
whether  the  colour  is  more  owing  to  thefe  pro- 
portions or  to  the  degree  of  oxygenation  of  the 
arfenic.  They  are  given  however  in  the  betl 
authors  w to  be  in  the  red  fulphuret  I of  fulphur 
to  4 of  arfenic,  and  in  the  yellow  I to  9 or  10. 
Sulphur  renders  arfenic  much  more  fixed  in  the 
fire,  fo  that  the  red  fulphuret  may  be  melted  by 
moderate  heat  into  a tranfparent  mafs,  called 
arfenical  ruby.  When  the  white  oxyd  or  the 
arfeniates  are  ufed  in  the  preparation,  they  oxy- 
genate part  of  the  fulphur,  and  hence  it  gives 
out  much  fulphureous  acid  gas.  In  the  large 
way  thefe  fulphurets  are  prepared  as  pigments, 
and  the  exadt  procefs  is  not  generally  known, 
but  it  is  faid  to  be  by  fubliming  in  earthen  vef- 
fels  iron  pyrites  mixed  with  mifpickel  or  fome 
of  the  other  native  ores  of  arfenic  and  iron. 
The  iron  is  certainly  of  great  fervice  in  diminifh- 
ing  the  volatility  both  of  the  arfenic  and  the 
fulphur,  for  a full  red  heat  is  requifite  to  drive 
them  off;  and  we  find  in  the  way  of  experi- 
ment, that  a fimple  mixture  of  white  arfenic 
and  flowers  of  fulphur  fublime  too  haftily  to 
contract  a very  clofe  union,  and  feldom  produce 
an  orpiment  of  a full  uniform  body  of  colour. 

For  experiment,  the  operation  may  be  per- 
formed in  a glafs  matrafs,  flightly  itopped  at 
the  mouth,  and  heated  only  at  the  bottom  gra- 
dually to  rednefs.  Equal  parts  of  white  arfenic 
and  fulphur  well  mixed,  yield  in  this  manner  a 
red  fublimate,  which  attaches  itfelf  to  the  neck 
of  the  veffel.  If  two  parts  of  arfeniat  of  potafh 
and  one  of  fulphur,  are  llowly  heated,  barely 
red,  for  an  hour  in  a matrafs,  a very  fine  realgar 
or  red  fulphuret  fublynes,  and  the  refidue  at 
bottom  confifts  of  yellow  orpiment,  mixed  with 
liver  of  arfenic , or  arfenic  united  with  potafh. 
The  arfenic  acid  gives  alfo  a fine  realgar.  Six 
parts  of  liquid  arfenic  acid  mixed  with  one 
of  fulphur,  x give  no  figns  of  mutual  action  till 
the  water  is  expelled,  when  on  encreafing  the 
heat  the  whole  rifes  rapidly,  and  forms  a fine 
red  fublimate  of  realgar,  with  a copious  emifiion 
of  fulphureous  acid  gas.  The  dry  arfenic  acid 
and  fulphur,  in  equal  parts,  heated  for  an  hour; 
give  the  fame  products. 

The  yellow  and  red  fulphurets  do  not  diffolve 
in  water.  The  nitro-muriatic  acid  by  heat  fepa- 
rates  the  fulphur  from  the  arfenic,  by  diffolving 
the  latter : fome  of  tire  fulphur  flies  off  as  ful- 
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phuretted  hydrogen  gas,  whilft  the  remainder 
falls  to  the  bottom  as  a grey  powder. 

The  fixed  alkalies  will  feparate  the  fulphur 
from  the  arfenic  in  the  dry  way,  by  diffolving 
the  former.  For  this,  mix  the  arfenical  ful- 
phuret with  a little  potafh  diffolved  in  water, 
dry  the  mixture  and  (lowly  heat  in  a fubliming 
veffel.  The  arfenic  rifes  in  the  form  of  white 
oxyd,  but  only  partially,  much  remaining  behind 
united  with  the  alkali,  now  fulphuretted.  If 
too  much  potafh  is  ufed,  no  arfenic  feparates, 
but  the  three  fubftances  remain  united  in  fufion. 
Cauftic  alkali  diffolves  the  arfenical  fulphuret  in 
the  moift  way,  for  if  they  are  boiled  together, 
the  refult  is  an  alkaline  fulphuret,  holding 
arfenic  in  folution.  An  acid  gives  a bright  yel- 
low precipitate  in  this  liquor,  which  is  probably 
a hydrofulphuret  of  arfenic. 

Quick-lime  and  orpiment  boiled  together  pro- 
duce a fulphuret  of  lime,  holding  fome  arfenic 
in  folution.  This  has  long  been  known  as  in- 
fallible to  caufe  the  hair  to  fall  off  where  it  is 
rubbed,  and  is  alfo  ufed  as  a wine-tef  to  detect 
the  prefence  of  Lead,  which  it  does  by  making 
a black  precipitate.  By  long  keeping,  this  folu- 
tion depofits  minute  cryflals  of  white  arfenic. 

The  fat  oils  by  heat  diffolve  the  arfenical  ful- 
phurets into  a very  tough  fetid  mafs. 

Sulphuretted  alkalies  alfo  diffolve  the  regulus 
of  arfenic  by  fufion,  but  the  affinity  is  fo  weak 
as  to  be  difplaced  by  almoft  every  other  metal. 
A fimilar  folution  takes  place  by  boiling  a watery 
folution  of  the  alkaline  fulphuret  with  the  regu- 
lus, and  acids  precipitate  from  this  folution  a 
red  hydrofulphuret  of  arfenic.  The  fame  hydro- 
fulphuret is  produced  in  a fimpler  way  by  palling 
fulphuretted  hydrogen  gas  through  a watery 
folution  of  white  oxyd  of  arfenic,  or  by  mixing 
the  fulphuretted  water  with  the  fame. 

Arfenic  will  unite  with  phofphorus,  and  a 
phofphuret  of  arfenic  is  produced  in  the  following 
manner.  Mix  half  a dram  of  white  arfenic 
with  a dram  of  phofphorus,  y and  diftill  with  a 
gentle  heat  in  a clofe  veffel.  A red  fublimate 
is  produced,  and  at  the  bottom  remains  a black 
brittle  fubftance.  The  former  appears,  by  the 
experiments  of  Pelletier,  to  be  oxyd  of  phof- 
phorus, the  latter  is  the  phofphuret  of  arfenic. 
It  is  obtained  in  greater  abundance  by  diftilling 
eautioully  equal  parts  of  regulus  of  arfenic  with 
phofphorus.  The  black  fliining  refidue  is  the 
phofphuret  of  arfenic,  and  coiTtains  fo  much 
phofphorus  as  to  require  to  be  kept  under  water. 
Both  thefe  preparations  may  be  made  in  the 
moift  way.  Equal  parts  of  regulus  of  arfenic 
1 Margraaf. 
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and  phofphorus,  heated  with  water  to  boiling, 
unite  to  a phofphuret,  the  phofphorus  melting 
firft  and  then  adting  on  the  arfenic.  If  equal 
parts  of  the  white  oxyd  and  phofphorus  are 
heated  with  water,  the  oxyd  is  decompofed,  and 
acidifies  part  of  the  phofphorus  (which  diffolves 
in  the  water),  while  the  arfenic,  now  deoxy- 
genated,  unites  with  the  phofphorus,  which 
remains  unaltered. 

For  the  union  of  arfenic  with  hydrogen , and 
the  Angular  gas  that  refults  from  this  combina- 
tion, fee  the  next  article. 

The  alloys  of  arfenic  are  very  numerous. 
Arfenic  added  to  the  metals  when  in  fufion 
unites  with  mod  of  them,  and  forms  an  alloy, 
which  is  always  brittle  in  proportion  to  the 
arfenic  contained,  and  generally  much  more 
fufible  than  the  metal  with  which  it  is  thus 
united.  It  alfo  often  alters  the  colour  of  the 
metal,  rendering  the  yellow  metals  white,  and 
the  white,  grey.  Thefe  alloys  are  moftly  hard 
as  well  as  brittle,  and  on  expofure  to  air  are 
apt  to  afiume  a leaden  black  colour.  The 
arfenic  is  generally  feparable  from  thefe  alloys 
by  fimply  heating  them  for  fome  time  to  rednefs, 
and  it  flies  off  in  its  diftinguifhing  garlick-fmell- 
ing  white  fumes.  If  this  procefs  is  carried  on 
too  haftily,  fome  of  the  other  metal  is  volatilized. 
Even  gold  alloyed  with  arfenic  is  thus  diflipated 
by  roafting.  Platina  alone  appears  abfolutely 
fixed  in  thefe  circuniftances,  and  it  even  retains 
a portion  of  arfenic  fo  obftinately  that  mere 
heat  cannot  drive  it  ofF. 

Even  the  white  oxyd  of  arfenic,  heated  with 
the  metals,  becomes  in  part  reduced  to  the  regu- 
line  Hate,  and  unites  with  part  of  the  metal, 
whiift  the  other  part  becomes  oxygenated, 
doubtlefs  by  taking  oxygen  from  the  arfenical 
oxyd,  and  appears  on  the  furface  of  the  alloy  as 
a coloured  fcoria. 

The  great  volatility  of  arfenic,  either  reguline 
or  oxidated,  when  heated,  renders  it  difficult 
to  unite  it  by  fufion  with  the  metals  that  cannot 
themfelves  be  melted  with  lefs  than  a red  heat. 
There  are  two  or  three  ways  however  of  ma- 
naging this  combination.  One  is  by  firft  bring- 
ing the  metal  into  fufion,  then  throwing  in  the 
crucible  the  arfenic,  haftily  mixing  them,  and 
cooling  the  alloy  fpeedily,  before  much  of  the 
arfenic  has  had  time  to  evaporate.  Some  artifts 
in  this  way  unite  arfenic  and  copper,  by  melting 
the  copper,  wrapping  up  the  arfenic  in  paper, 
and  thrufting  it  with  hot  pincers  to  the  bottom 
of  the  melted  metal,  through  which  it  imme- 
diately rifes  and  diffufes  itfelf  pretty  uniformly. 

1 Mem.  de  l’Acai 


Another  method  is  to  mix  the  white  oxyd  of 
arfenic  with  charcoal,  and  put  it  at  the  bottom 
of  a tall  crucible,  over  this  to  fpread  a layer  of 
clay,  and  above  the  clay  to  ftrew  the  filings  of 
the  metal,  with  which  the  arfenic  is  to  be  alloyed. 
By  heating  the  crucible,  the  arfenical  oxyd  be- 
comes reduced  by  the  charcoal,  fublimes  in  the 
metallic  ftate  through  the  clay,  and  unites  with 
the  heated  metal  above,  fufing  it  down,  in  pro- 
portion as  the  alloy  becomes  faturated  with 
arfenic.  A third  method,  and  the  moft  con- 
venient, is  to  employ  the  white  oxyd  of  arfenic, 
and  to  mix  it  writh  an  alkali  (with  or  without  a 
carbonaceous  flux)  and  heat  it  with  the  metal. 
Soap  is  a very  good  addition  in  this  cafe,  as  it 
furnilhes  the  arfenical  oxyd  with  both  carbon 
from  its  oil,  and  with  alkali.  The  latter  keeps 
down  the  arfenic  and  renders  it  much  more 
fixed  in  the  fire,  as  has  been  before  mentioned 
in  defcribing  the  combination  of  thefe  two  fub- 
ftances.  When  no  carbonaceous  matter  is  pre- 
fent,  the  arfenical  oxyd  becomes  reduced  at  the 
expence  of  part  of  the  other  metal,  which  there- 
fore is  found  partly  oxidated,  and  feparates  from 
the  alloy  uniting  with  the  alkali  into  a fcoria. 

Thofe  of  the  arfenical  alloys  which  are  ufed 
in  the  arts,  fuch  as  White  Copper,  the  Lead 
alloy  for  {hot,  arfenicated  Platina,  &c.  will 
be  mentioned  under  thefe  metals  ; the  following 
are  more  curious  than  ufeful,  and  ferve  to  illus- 
trate the  foregoing  obfervations.  The  experi- 
ments are  thofe  of  Achard.  z 

An  ounce  of  tin,  with  as  much  white  oxyd 
of  arfenic,  diftilled  in  an  earthen  retort  for  half 
an  hour  to  rednefs,  gave  fome  fublimed  arfeni- 
cal oxyd,  and  in  the  retort  remained  an  alloy 
covered  with  a white  fcoria,  and  weighing  •§■  an 
ounce  and  3 drams.  This  retained  part  of  its 
dudlility,  but  was  eafily  broken,  and  exhibited 
in  its  fradture  large  brilliant  flat  blades.  It  was 
tin  combined  with  a little  arfenic.  Six  parts  of 
tin  melted  with  one  of  white  arfenic,  and  nine 
of  carbonat  of  potafh,  gave  an  alloy,  whofe  frac- 
ture {hewed  very  brilliant  rhomboidal  facets  well 
cryftallized.  Remelted  without  addition,  it 
refembled  zinc  in  its  fradture,  and  acquired 
nearly  the  fame  degree  of  ductility  as  that  metal. 
Equal  parts  of  oxyd  of  tin  and  white  arfenic, 
heated  together  in  a retort,  gave  a very  mixed 
fublimate,  containing  alfo  fome  regulus  of 
arfenic,  but  the  tin  was  not  quite  reduced  to 
the  metallic  ftate. 

Call  iron,  white  arfenic,  and  carbonat  of  pot- 
alh  melted  together,  gave  an  extremely  brittle 
clofe-grained  alloy  of  arfenic  and  iron.  Iron 
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filings  diftilled  with  white  arfenic  gave  a black 
unmetallic  mafs,  but  ftill  attra&ed  by  the  mag- 
net. Iron  faturated,  or  nearly  lb,  with  arfenic 
is  not  magnetical. 

Lead  fufed  with  white  arfenic  and  alkali, 
gave  an  alloy  refembling  that  of  tin  in  the  fame 
circumftances,  but  by  a fecond  fufion  almoft  all 
the  arfenic  was  expelled,  fo  weak  is  the  aflinity 
between  thefe  metals  in  their  reguline  Hate. 

As  the  arfenic  ufed  in  all  thefe  experiments 
was  employed  in  the  Hate  of  white  oxyd,  un- 
accompanied by  any  reducing  flux,  and  yet,  as 
in  all,  a greater  or  lefs  rcdu£lion  of  it  to  the 
metallic  Hate  took  place  (the  alloy  being  necef- 
farily  in  the  metallic  ftate)  this  redudlion  was 
obvioufly  owing  to  the  oxidation  of  a portion  of 
that  metal,  whilft  the  reguline  arfenic  combined 
with  the  remainder. 

Arfenic  is  one  of  the  lead  valuable  of  the 
metallic  fubftances.  Its  violent  effedls  on  the 
animal  body  when  taken  internally,  and  the  eafv 
folubility  of  its  oxyds  in  almoit  every  fluid, 
render  it  always  fufpicious,  and  often  highly 
dangerous,  when  employed  in  the  arts.  The 
white  oxyd  is  however  largely  employed  as  a 
cheap  flux  for  glaffes  of  different  kinds,  and  it 
a£ls  in  this  way  in  a very  powerful  manner ; 
but  if  too  much  is  employed,  veffels  made  of  it 
are  not  abfolutely  fafe  for  domeffic  purpofes, 
and  are  apt  to  become  opake.  The  red  and 
yellow  fulphurets  afford  good  pigments  to  the 
painter. 

The  mod  decifive  experiments  for  the  detec- 
tion of  arfenic,  when  fufpedfed  to  be  contained 
in  any  fubftance,  are  the  following.  Boiled  in 
water,  even  the  white  oxyd  (the  preparation  the 
molt  likely  to  occur)  makes  a folution  of  fuffi- 
cient  ftrength  to  give  very  clear  indications  of 
its  nature,  iff.  Sulphuretted  hydrogen  paffed 
through  the  folution,  or  water  faturated  with 
the  gas,  added  to  it  gives  a golden  yellow  pre- 
cipitate. 2d.  An  extremely  fmall  quantity  of 
cai'bonat  of  potafh  added  to  the  folution,  and 
then  mixed  with  a folution  of  fulphat  of  copper, 
gives  a yellowifh  green  precipitate.  3d.  The 
dried  fubftance  to  be  examined,  or  the  folution 
evaporated  to  drynefs,  mixed  with  a little  pow- 
dered charcoal,  and  put  into  a glafs  tube  clofed 
at  the  bottom,  lightly  flopped  at  the  top,  and 
hoated  flowly  to  rednefs,  will  yield  a metallic 
fublimate,  which  will  give  the  ftrong  fmell 
peculiar  to  arfenic,  and  will  condenfe  on  the 
fides  of  the  tube,  lining  it  with  a brilliant  me- 
tallic coating.  4th.  The  fame  flrong  fmell,  and 
a denfe  white  fume  will  be  given,  merely  by 
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fprinkling  the  powder  on  hot  charcoal.  5th.  A 
little  of  the  reduced  regulus,  or  of  the  fuf- 
pe£led  powder,  mixed  •with  a little  charcoal , laid 
between  two  pieces  of  copper  (halfpence  for 
example)  fcoured  quite  bright,  bound  round 
w ith  wire,  and  heated  red-hot  for  a few  minutes, 
will  leave  on  each  piece  of  copper  a bright 
white  ftain,  which  cannot  be  rubbed  off",  except 
by  making  a new  furface.  All  thefe  marks 
combined,  cannot  fail  to  indicate  the  prefence 
of  arfenic. 

The  affinities  of  the  arfenic  are  the  following. 
In  the  moi/l  way , lime,  barytes,  ftrontian,  mag- 
nefia,  potafh,  foda,  ammonia,  alumine,  and  me- 
tallic oxyds.  In  the  dry  way , lime,  barytes, 
ftrontian,  magnefia,  potafh,  foda,  metallic  oxyds, 
ammonia,  and  alumine. 

The  affinities  of  oxyd  of  arfenic  are,  in  the 
moi/l  way,  muriatic,  oxalic,  fulphuric,  nitric, 
febacic,  tartareous,  phofphoric,  fuccinic,  citric, 
formic,  arfenic,  acetous  and  pruffic  acids,  am- 
monia, fat  oil  and  water.  In  the  dry  way  the 
affinities  of  the  regulus  of  arfenic  are  nickel, 
cobalt,  copper,  iron,  filver,  tin,  lead,  gold,  pla- 
tina,  zinc,  antimony,  alkaline  fulphuret,  and 
fulphur. 

ARSENICAL  NEUTRAL  SALT  (of 
Macquer)  is  the  cryftallized  arfeniat  of  potafh, 
firft  difcovered  by  this  eminent  chemift.  ( See 
the  preceding  article.) 

ARSENICATED  HYDROGEN  GAS. 

This  fingular  gas  was  firft  difcovered  by 
Scheele,  * who  on  digefting  zinc  with  arfenic 
acid,  obferved  an  effervefcence,  and  tire  evo- 
lution of  a gas  with  a difagreeable  arfenical 
fmell,  which  would  not  unite  with  water,  would 
not  diminifh  the  bulk  of  common  air  mixed  with 
it,  and  when  thus  mixed  detonated  violently  on 
applying  a candle,  and  left  on  the  fides  of  the 
veflel  a fhining  pellicle  of  reguline  arfenic. 
Hence  he  concluded  juftly  that  it  confifted  of 
inflammable  air,  holding  arfenic  in  folution. 
'Ibis  gas  has  more  lately  been  examined  by 
Tromnrfdorf, b who  has  afcertair.ed  many  other 
of  its  properties. 

There  are  feveral  methods  of  preparing  this 
gas.  Tin,  zinc,  or  iron  filings,  digefted  in 
arfenic  acid,  will  yield  it,  and  during  the  pro- 
cefs,  arfenic  alloyed  with  the  other  metal  is 
precipitated.  White  arfenic,  dilute  fulphuric 
acid,  and  iron  or  zinc  will  equally  yield  it ; in 
flrort  it  appears  to  be  given  out  whenever  arfenic 
either  reguline,  or  an  oxyd,  or  an  acid  is  prefent, 
under  circumftances  which  caufe  the  evolution 
of  hydrogen  gas.  In  all  thefe  inflances  the 
Beilin,  ox  Phil  Jour.  vol.  6. 
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arfenic  diiTolved  in  the  gas  is  in  the  metallic 
Itate,  hydrogen  having  always  a ftrong  tendency 
to  reduce  this  as  moft  other  metallic  oxyds. 
— Tire  precife  proportions  recommended  by 
Trommfdorf,  are  four  parts  of  granulated  zinc, 
one  of  white  arfenic,  with  fulphuric  acid  diluted 
with  twice  its  weight  of  water.  The  refidue, 
after  the  production  of  the  gas,  contains  metallic 
arfenic. 

Arfenicated  hydrogen  is  a true  chemical  com- 
pound of  arfenic  and  hydrogen.  It  has  moft  of 
the  properties  of  hydrogen,  and  fuperadded, 
thofe  which  would  naturally  be  expected  from 
the  prefence  of  a metal  fo  combuftible  and  eafily 
acidifiable  as  arfenic.  The  fmell  is  ftrongly 
arfenical,  and  befides  being  fatal  when  refpired 
unmixed,  it  appears  extremely  noxious  to  per- 
fons  much  expofed  to  it  in  a room,  fo  that  ex- 
periments on  it  are  not  made  without  much 
temporary  inconvenience. 

Water  does  not  abforb  it,  nor  is  litmus  tinc- 
ture altered  by  it.  Its  fpecific  gravity,  at  29.8 
inches  (Englifh)  barom.  is  0.5293  (water  being 
1000  ),  fo  that  a cubic  foot  (Englifh)  will  weigh 
nearly  285  troy  grains,  or  .1649  grains  the  cubic 
inch.  It  is  therefore  heavier  than  fulphuretted 
hydrogen,  and  much  heavier  than  pure  hydro- 
gen, but  lighter  than  ammonia  and  all  the  other 
gaffes. 

The  a£Iion  of  the  oxygenized  muriatic  acid 
on  this  gas  is  very  ftriking.  When  the  acid,  in 
form  of  gas,  is  palled  up  through  a veffel  of 
arfenicated  hydrogen,  the  bulk  is  leffened, 
heat  is  given  out,  and  arfenic  is  depofited  on 
the  Tides  of  the  veffel.  An  additional  quan- 
tity produces  white  fumes  (probably  firpilar  to 
thofe  of  butter  of  arfenic)  and  the  metal  is 
rediflolved.  By  exadf  faturation,  nearly  the 
whole  of  the  arfenic  can  thus  be  precipitated, 
and  the  identity  of  this  metal  can  then  be  proved 
by  all  the  experiments  which  the  known  pro- 
perties of  arfenic,  defcribcd  in  the  foregoing 
article,  would  fuggeft.  When  this  experiment 
is  performed  over  mercury,  a precipitation  of 
water  is  apparent.  Simple  muriatic  gas  pro- 
duces no  change,  and  hence  it  appears  that  the 
action  of  the  firft  portion  of  oxymuriatic  acid 
is  to  produce  water  by  union  of  its  oxygen  with 
the  hydrogen  of  the  arfenicated  gas,  and  thus 
to  precipitate  the  arfenic  in  a metallic  flate ; 
after  which,  however,  the  acid  gas  no  longer 
a£ts  upon  the  hydrogen,  this  having  depofited 
all  its  arfenic,  but  upon  the  arfenic  itfelf,  and 
proceeds  to  form  the  muriated  oxyd,  and  pro- 
bably the  arfenic  acid.  In  confirmation  of  this, 


the  author  of  the  above  experiments,  by.  reverfing 
the  procefs  (that  is  by  pafhng  the  arfenicated 
hydrogen  into  the  oxygenized  muriatic  acid  gas) 
oblerved  at  firlt  the  production  of  the  white 
fumes  only,  and  it  was  not  till  the  former  gas 
had  been  added  to  faturation  that  metallic  arfenic 
was  precipitated.  Liquid  oxymuriatic  acid  de- 
compofes  arfenicated  hydrogen  by  mere  agitation, 
and  the  refult  is  pure  hydrogen.  The  nitro- 
muriatic  acid  a£ts  in  the  fame  manner,  but 
during  the  mixture  a black  precipitate  is  obferved 
(doubtlefs  arfenic),  which  diredtly  afterwards 
difappears. 

If  a fmall  quantity  of  fuming  nitrous  acid  is 
thrown  into  a phial  full  of  the  gas,  it  becomes 
immediately  filled  with  denfe  red  fumes,  and  a 
white  flame  arifes,  and  a detonation  enfues. 
With  dilute  nitric  acid  no  fuch  appearance  Is 
obferved.  The  refidue  is  pure  hydrogen,  and 
the  water  contains  arfenic  acid. 

Concentrated  fulphuric  acid  added  to  the  gas 
produces  an  immediate  precipitation  of  metallic 
arfenic,  which  lines  the  glafs  veffel,  and  makes 
it  a perfect  mirror,  but  on  agitation,  the  metallic 
coating  is  turned  into  a brown  powder,  which 
in  a few  days  changes  to  red. 

Sulphuretted  hydrogen  and  arfenicated  hydro- 
gen, fimply  mixed,  do  not  a£t  upon  each  other, 
but  when  oxygenized  muriatic  gas  is  added,  the 
bulk  diminiflies,  heat  is  given  out,  and  orpiment 
precipitates,  which  by  encreafmg  the  dofe  of 
the  acid  gas  becomes  of  a fine  orange  red.  This 
beautiful  experiment  will  ferve  as  a teft  of 
arfenicated  hydrogen  even  when  much  diluted. 

If  a lighted  taper  is  let  down  into  a phial  of 
this  gas,  it  is  extinguifhed,  but  the  gas  kindles 
at  the  furface,  giving  a blue  lambent  flame  and 
a ftrong  arfenical  fume.  As  the  flame  proceeds 
gradually  downwards  (provided  the  veffel  has  a 
fmall  orifice)  the  arfenic  is  depofited  on  the 
fides,  whilll  the  hydrogen  flowly  confumes. 
Mixed  with  oxygen  and  kindled,  the  gas  burns 
with  a loud  explofion,  and  here  no  arfenic  is 
depofited,  but  the  products  are  arfenic  acid  and 
water.  If  a ftream  of  the  arfenical  gas  is  kindled 
and  made  to  pafs  through  a large  veffel  of  oxy- 
gen, the  flame  is  very  brilliant. 

When  this  gas  is  pafled  through  metallic  fo- 
lutions,  it  decompofes  many  of  them,  and  caufes 
a precipitate  of  the  two  metals. 

If  the  compofition  of  this  gas  is  fimply  arfenic 
diflolved  in  hydrogen  gas,  and  if  after  the  folu- 
tion  the  hydrogen  retains  the  fame  bulk  which 
it  would  have  when  pure,  the  compofition  would 
be  fimply  the  following  : 
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grain 

One  cublic  inch  of  arfenicated  hydrogen  weighs  .1649 
of  pure  hydrogen  - - - - .0239 

difference  .141 


fo  that  every  cubic  inch  of  the  arfenicated  gas  w 
one-feventh  of  a grain  of  arfenic. 

ASBEST.  Talcum  ajbejlus>  Werner.  AJbeJle , 
Hauy  and  Brochant.  AJbeJl , Emmerling. 

Albert  is  of  a texture  more  or  lefs  filamen- 
tous, and  by  trituration  is  reducible  to  a foft 
fomewhat  fibrous  powder.  It  is  commonly  di- 
vided into  four  varieties. 

I.  Amianth,  or  Mountain  Flax.  Biegsamer 
a/bejl,  Emmerling.  AJbeJle  flexible , Hauy. 

The  ufual  colour  of  this  mineral  is  greenilh 
white,  parting  into  leek-green ; or  filver  white, 
yellowifh- white,  ochre-yellow,  pale  flelh  red, 
and,  very  rarely,  light  blue.  It  is  found  fome- 
times  in  imall  feparate  bundles,  but  more  ufually 
in  irregular  fibrous  maffes.  Its  luftre  is  glim- 
mering or  flightly  fhining,  and  is  either  weak, 
pearly  or  filky.  It  is  ealily  divifible  into  long 
flender  flexible  fibres,  may  be  fcratched  by  the 
nail,  and  has  a foft  fomewhat  greafy  feel.  It  is 
generally  opaque,  but  fometimes  is  tranflucid 
on  the  edges.  Its  fpecific  gravity  is  fubje£t  to 
great  variety  ; that  of  the  molt  flexible  and  per- 
fectly fibrous  is  only  0.908  ; that  of  the  moft 
compact  is  2.313. 

According  to  a late  analyfis  of  this  mineral 
by  Chenevix  it  appears  to  contain 
25.  magnefia, 

59* 

3.  alumine, 

9.25  lime, 

2.25  oxyd  of  iron. 

98.5 

1.5  lofs 

100. 

Before  the  blowpipe  amianthus  melts  with 
fome  difficulty  into  an  opaque  globule,  which 
becomes  dark-coloured  by  the  continued  a£tion 
of  the  flame.  If  expofed  to  a high  heat  in  an 
earthen  crucible,  it  melts  into  a denfe  flag, 
ftrongly  adhering  to  the  veflel,  of  a yellowiih 
grey  colour : the  furface  of  this  flag  is  over- 
fpread  with  cryftalline  needles,  eroding  each 
other  in  all  directions,  or  radiating  from  a com- 
mon centre.  If  the  heat  is  confiderably  in- 
creafed,  the  whole  melts  into  a green  glafs,  and 
in  a fhort  time  partes  through  the  crucible.  A 
fpecimen  of  amianthus,  from  Greenland,  being 
-inclofed  by  Klaproth1  in  a charcoal  crucible,  and 
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mid  hold  in  folution  .141,  or  fomewhat  iefs  than 

expofed  to  the  full  heat  of  a porcelain  furnace, 
fufed  into  a finely  porous  mafs,  of  a dirty  pearl- 
grey  colour,  covered  externally  with  grains  of 
iron. 

This  mineral  is  met  with  in  potftone  or  fer- 
pentine  rocks,  either  difperfed  through  them  or 
accumulated  in  their  clefts  and  crevices,  un- 
mixed with  any  other  fubftance.  The  moft 
beautiful  comes  from  the  Tarentaife,  in  Savoy ; 
it  is  in  white-flexible  filaments,  fometimes  a 
foot  long,  of  a pure  filky  luftre.  In  fome  parts 
of  Corfica  it  is  fo  common  as  to  have  been  ufed 
by  Dolomieu  inftead  of  hay  or  mofs,  to  pack 
up  fpecimens  of  other  minerals  in.  The  iflands 
of  Elba  and  Crete  ; Zoblitz,  in  Saxony  ; Suart- 
wick,  in  Sweden ; Cornwall  and  Anglefey,  in 
England  ; and  Portfoy,  in  Scotland,  alfo  furnilh 
confiderable  quantities.  A compa£t  kind,  which 
decompofes  by  expofure  to  the  air  into  remark- 
ably flexible  threads,  is  found  in  the  Qural 
Mountains  in  Siberia. 

The  fibrous  texture  of  amianthus,  its  incom- 
buftibility,  and  the  little  alteration  drat  it  under- 
goes even  in  a ftrong  heat,  were  early  noticed, 
efpecially  among  the  Eaftern  nations ; and 
methods  were  found  out  of  drawing  the  fibres 
into  thread,  and  afterwards  weaving  it  into 
cloth.  This,  when  dirtied  with  greafe,  or  other 
inflammable  matter,  was  cleaned  by  throwing 
into  a bright  fire  •,  the  ftains  were  burnt  out, 
and  the  cloth  was  then  removed,  but,  little 
altered  in  its  properties,  and  of  a dazzling  wdrite, 
hence  it  obtained  from  the  Greeks  the  name 
tzj/.ixv%s  or  iindejiled.  In  the  rich  and  luxurious 
times  of  the  Roman  empire,  this  incombuftible 
cloth  was  purchafed  at  an  enormous  price,  for 
the  purpofe  of  wrapping  up  the  bodies  of  the 
dead  previoufly  to  their  being  laid  on  the 
funeral  pile.  The  practice  of  burning  the 
dead  falling  into  difule,  occafioned  the  ma- 
nufacture of  amianthine  cloth  to  be  neglected, 
and  at  length  entirely  forgotten  in  Europe ; 
but  though  it  has  ceafed  to  be  an  article  of 
neceffity  or  luxury,  yet  the  method  of  its  pre- 
paration has  occafionallv  attracted  the  notice  of 
travellers  and  occupied  the  time  of  the  curious. 
Ciampini, b of  Rome,  in  1691,  publifhed  the 
following  as  the  belt  way  of  preparing  the  in- 
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combudible  cloth.  Having  previoufly  deeped 
the  amianthus  in  warm  water,  divide  its  fibres 
by  gently  rubbing  them  with  the  fingers,  fo  as 
to  loofen  and  feparate  all  the  extraneous  matter; 
then  pour  on  repeatedly  very  hot  water,  as  long 
as  it  continues  to  be  in  the  lead  difcoloured. 
Nothing  will  be  now  left  but  die  long  fibres, 
which  are  to  be  carefully  dried  in  the  fun.  The 
bundles  of  thread  are  to  be  carded  with  very 
fine  cards,  and  the  long  filaments  thus  obtained 
are  to  be  deeped  in  oil,  to  render  them  more 
flexible.  A fmall  quantity  of  cotton  or  wool 
is  to  be  mixed,  and  by  means  of  a thin  fpindle 
the  whole  is  to  be  drawn  out  into  thread,  taking 
care  that  in  every  part  the  amianthus  may  be 
the  principal  material.  The  cloth  being  then 
woven  in  the  ufual  manner,  is  to  be  placed  in  a 
clear  charcoal  fire  to  bum  off  the  cotton  and 
oil,  when  the  whole  remaining  tiflue  will  be 
pure  white  amianthus.  The  fhorter  fibres  that 
are  incapable  of  being  woven,  have  been  fome- 
times  made  into  paper,  the  procefs  for  which 
is  the  fame  as  that  employed  for  common  paper, 
except  that  a greater  proportion  of  pade  or  fize 
is  required : after  having  been  made  red  hot, 
however,  this  paper  becomes  bibulous  and  brit- 
tle. Amianthus  threads  are  alfo  fometimes 
ufed  as  perpetual  wicks  for  lamps  ; they  require, 
however,  to  be  cleaned  occafionally  from  the 
foot  that  colledls  about  them,  and  the  fibres  in 
the  hotted  part  of  the  flame  are  apt  to  run  to- 
gether, fo  as  to  prevent  the  due  fupply  of  oil. 
In  Corfica, c amianthus  is  advantageoufly  em- 
ployed in  the  manufacture  of  pottery  : being 
reduced  to  fine  filaments,  it  is  kneaded  up  with 
the  clay,  and  the  vefiels  which  are  made  of  this 
mixture  are  lighter,  lefs  brittle,  and  more  ca- 
pable of  bearing  fudden  alterations  of  heat  and 
cold  than  common  pottery. 

II.  Common  Afbed.  Gemeiner  ajlefl.  AJbeJle 
dure,  Hauy. 

The  colour  of  this  mineral  is  leek,  or  moun- 
tain, or  olive-green  ; greenifh  or  yellowifh-grey, 
or  greyifh-white.  It  is  found  amorphous,  or 
inveding  other  fubdances ; the  form  of  its  fila- 
ments appears  to  be  that  of  a very  long  rhom- 
boidal  prifrn  : it  is  fliining  or  glimmering,  with 
fomewhat  of  a greafy  ludre : its  fra<dure  is 
fibrous,  and  much  more  compadt  than  that  of 
the  amianthus,  palling  into  the  broad-driated. 
It  flies  when  broken  into  long  fplintery  frag- 
ments : it  is  tranllucid  at  the  edges,  and  may 
be  fcratched  by  the  nail  with  fome  difficulty. 
Sp.  gr.  2.5.  to  2.8. 

* Hauy  Mineralog. 


The  component  parts  of  common  afbed,  ac- 
cording to  Wicgleb,  are 

48.45  magnefia, 

46.66  filex, 

4.79  oxyd  of  iron. 

99-9° 

Afbed  is  of  more  frequent  occurrence  than 
amianthus,  being  found  almod  univerfally  ac- 
companying Terpentine,  and  very  often  mixed 
with  magnetic  iron  ore.  It  paffes  by  infenfible 
gradations  into  the  preceding  fpecies. 

III.  Ligniform  Afbed.  Holzajbejl.  AJbeJle 
lignforme,  Hauy. 

The  colour  of  this  mineral  is  yellow  or  Ifabella 
brown.  It  is  found  maffive,  and  is  internally 
glimmering.  Its  fracture  is  thin  and  finely 
foliated  : it  is  opaque,  may  be  fcratched  by  the 
nail,  adheres  to  the  tongue,  has  a meagre  feel. 
Sp.  gr.  2.051. 

It  is  not  fufible  per fe  before  the  blowpipe. 

It  is  met  with  principally  in  the  Schneeberge 
of  Tyrol,  in  the  fame  gangue  with  galena, 
blende,  common  afbed,  drahldein,  and  gypfum. 

IV.  Mountain  Cork.  Mountain  Leather. 
Schwimmetider  AJhJl.  AJheJl  trejfe,  Hauy. 

The  colour  of  this  mineral  is  yellowifh  or 
reddifh  white,  yellowifh  green  or  ochre  yellow. 
It  is  found  amorphous  in  thick  or  thin  plates  : 
it  is  weakly  glimmering,  internally.  It  has  a 
thick,  uneven,  fomewhat  foliated  fradlure ; is 
opaque,  fomewhat  eladic,  and  floats  upon 
water.  Sp.  gr.  0.68  to  0.99. 

It  confids,  according  to  Bergman,  of 
26.10  magnefia, 

56.2  filex, 

2.  alumine, 

12.7  lime, 

3.  oxyd  of  iron. 

In  a drong  heat  it  flows  with  difficulty  into 
an  opaque  milk-white  glafs. 

It  is  found  in  the  fame  fituations  as  amianthus. 

ASBESTINITE.  See  Strahlstein. 

ASBESTOID.  See  Strahlstein. 

ASHES.  Afrhe,  Germ.  Cendres , Fr. 

The  pulverulent  refidue  of  combudible  bodies 
after  burning  is  in  general  denominated  afhes ; 
the  produce  of  the  combudion  of  metals  how- 
ever is  no  longer  known  by  the  name  of  metallic 
ajhes  but  of  calx  or  oxyd.  We  fhall  therefore 
in  the  prefent  article  confine  ourfelves  to  the. 
afhes  from  vegetable  and  animal  fubdances. 
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When  a vegetable  is  fubjecled  to  deftructive 
diftiilation,  all  the  native  juices  are  more  or  lefs 
altered  and  decompofed,  and  fly  off  in  the  ftates 
of  gas  and  vapour ; what  remains  behind  is  a 
light,  brittle  black  mafs,  ftill  exhibiting  very 
perfedlly  the  texture  of  the  plant,  and  incapable 
of  alteration  by  any  further  degree  of  heat  in 
clofe  veffels.  By  the  joint  a£lion  of  heat  and 
air,  however,  the  texture  is  deftroyed,  the  car- 
bonaceous matter  is  converted  to  carbonic  acid 
gas,  and  a white  or  reddifh  yellow  uninflam- 
mable powder  remains  behind,  which  is  the 
afh  or  afhes.  The  afhes  confift  principally 
of  earths  and  earthy  falts,  but  contain  befldes 
alkaline  and  neutral  falts  and  metallic  oxyds. 
The  earths  and  earthy  falts  are  filex,  the  car- 
bonats  of  magnefia  and  lime,  the  fulphats  and 
muriats  of  the  fame,  and  phofphat  of  lime. 
The  alkaline  and  neutral  falts  are  the  carbonats 
of  pctafh  and  foda,  together  with  the  fulphats 
and  muriats  of  the  fame.  The  metallic  fub- 
ftances  are  the  oxyds  of  iron  and  manganefe. 
The  quantity  of  afhes  is  by  no  means  propor- 
tionate to  the  folidity  of  the  vegetable,  fome 
verycompadl  and  hard  woods  yielding  lefs  of 
this  ingredient  than  certain  fucculent  plants. 
By  Ample  lixiviation  the  faline  fubftances  may 
be  feparated  from  the  earthy  and  metallic  parts; 
and  this  being  the  method  in  which  the  potafh 
and  foda  of  commerce  are  prepared,  the  analyfis 
of  vegetable  afhes  is  a matter  of  no  fmall  im- 
portance : the  French  chemifls  in  particular 
have  bellowed  much  attention  on  the  fubjedl, 
and  the  refults  of  their  enquiries  the  reader  will 
find  detailed  hereafter  in  the  articles  Carbonat 
of  Potafh  and  Carbonat  of  Soda.. 

The  volatile  parts  of  animal  matter  may  be 
driven  off  with  nearly  the  fame  eafe  as  thofe  of 
vegetables,  and  the  refult  of  each  procefs  is  a 
fpungy  coal.  Animal  coal  however  is  of  a much 
greater  fpeciflc  gravity  than  that  from  vegeta- 
bles, and  requires  a long  and  intenfe  heat  for  its 
incineration ; the  afhes  are  alfo  more  copious 
in  proportion,  and  confift  for  the  moft  part  of 
carbonats  and  phofphats  of  lime  and  foda.  For 
other  particulars  relative  to  animal  allies  the 
reader  is  defired  to  refer  to  the  articles  Blood, 
Bone,  Horn,  Shell. 

ASPHALT.  See  Bitumen. 

ASSAY  or  Effay.  EJfai , F.  Probiren , G. 

ft  he  term  assay,  in  chemiftry,  in  a general 
fenfe,  implies  the  analyfls  or  examination  of  a 
fample  of  any  fubftance,  whofe  chemical  com- 
pofition  is  to  be  -afcertained ; but  this  term  is 
alfo  technically  reftridled  to  the  analyfis  of  gold 
and  Alver  mixtures,  with  the  exprefs  and  foie 


purpofe  of  determining  the  proportion  of  noble 
metal  to  that  with  which  it  is  alloyed,  in  any 
individual  mafs.  It  is  only  in  this  fenfe  that  we 
here  underftand  it,  and  on  account  of  the  vaft 
quantity  of  coin,  plate,  and  plate  ornaments 
which  are  conftantly  fabricated,  the  buflnefs  of 
the  aflayer  becomes  of  extreme  importance  ; for 
few  operations  in  chemiftry  require  fo  nice  and 
minute  attention,  and  fuch  practical  experience 
as  one,  which,  from  the  fample  of  a few  grains, 
is  to  decide  the  ftandard  of  very  large  maffes  of 
the  moft  valuable  metals. 

Gold  and  Alver  affaying  is,  however,  in  prin- 
ciple extremely  Ample,  the  whole  being  included 
in  two  operations,  namely,  the  feparation  of 
the  alloy  from  the  noble  metals,  and  the  parting 
of  thefe  latter  (gold  and  Alver)  from  each  other. 
Thefe  proceffes  muft  be  conAdered  feparately. 

Of  all  the  metals  hitherto  known,  three  alone, 
gold,  Alver,  and  platina,  are  incapable  of  oxi- 
dation by  Ample  expofure  to  air,  either  when 
folid  or  in  a ftate  of  fufion,  and  hence  they 
acquired  the  antient  name  of  perfeEl  or  noble 
metals.  All  the  other  metallic  bodies  tarnifh 
and  oxidate,  when  in  fuAon  in  open  veffels, 
with  more  or  Jefs  facility,  and  by  conftantly 
removing  the  oxidated  furface  from  the  melted 
metal,  the  whole  may  be  fucceflively  converted 
to  an  oxyd.  Here,  therefore,  is  a method  of 
feparating  the  imperfedl  from  the  perfedl  metals, 
when  the  two  l'pecies  are  mixed ; namely,  to 
melt  the  mixture  and  keep  it  in  fuAon  with 
accefs  of  air,  when  the  alloy,  or  imperfect  metal 
will  feparate  at  the  furface  in  oxidated  feales, 
and  the  noble  metal  remain  unaltered.  This 
feparation,  however,  is  not  in  all  cafes  equally 
cxadl,  for  when  gold  or  Alver  is  alloyed  with  a 
metal  not  very  eaflly  oxidable,  though  imper- 
fe£l,  fuch  as  coppei-,  and  when  the  proportion 
of  the  alloy  to  the  noble  metal  is  but  fmall,  the 
affinity  of  the  latter  to  the  former  encreafes  fo 
much  as  to  protedl  it  from  any  further  a£lion 
of  the  air,  however  long  the  fuAon  is  kept  up. 
Thus  a mafs  of  eleven  parts  of  Alver  to  one  of 
copper,  oxidates  but  lightly  by  a long  continued 
melting  heat,  nor  could  the  whole  of  the  copper 
be  extradled  from  the  mixture  by  heat  alone. 
Another  difficulty  in  the  way  of  this  feparation 
is  the  very  difficult  fuAbility  of  the  oxyd  of 
copper  (for  all  metallic  oxyds  by  heat  melt  into 
a fpecies  of  coloured  glafs),  fo  that  in  a heat 
much  above  that  at  which  the  mixture  remains 
in  fuAon,  the  cruft  of  oxyd  clings  unmelted  to 
the  furface  of  the  fluid  metal,  and  unlefs  fedu- 
loufly  removed,  it  there  remains,  and  prevents 
the  further  action  of  the  air  on  the  alloy,  by 
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which  alone  all  the  imperfect  metal  can  be 
thrown  off  from  the  mafs. 

But  chemifts  have  found  that  the  feparation 
of  many  of  the  imperfe£t  metals  is  much  pro- 
moted by  adding  to  the  mixture  a quantity  of  a 
metal,  itfelf  highly  oxidable,  and  its  oxyd  eafdy 
fufible,  which  unites  with  the  original  alloy  of 
the  mixture,  encreafes  its  oxidability,  carries  it 
off  dilfolved  in  the  vitrified  oxyd,  and  thus 
compleatly  extraTs  from  the  mafs  all  the  imper- 
fe£t  metal  or  alloy,  leaving  the  noble  metal  or 
metals  pure. 

A few  of  the  more  fufible  white  metals  have 
been  tried  for  this  purpofe,  particularly  lead  and 
bifmuth ; but  lead  is  found  to  anfwer  the  end 
better  than  any  other,  and  is  the  only  fubftance 
actually  ufed.  Hence  litharge,  the  oxyd  of 
lead,  was  termed  by  the  antient  chemifts,  not 
unaptly,  the  bath  of  the  noble  metals,  fcouring 
or  cleanfing  them,  as  it  were,  from  all  their 
alloys  of  bale  metal,  and  leaving  them  quite 
bright  and  pure. 

This  procefs  of  oxidation  of  the  alloy  by  lead 
is  employed  in  the  large  way  in  the  refining  of 
gold  and  filver ; in  fmall  famples,  with  the 
peculiar  precautions  to  be  prefently  mentioned, 
it  forms  the  prccel's  of  cupellation,  which,  there- 
fore is  the  firft  and  moft  important  part  of  the 
affayers  bufmefs. 

The  fecond  procefs  is  the  feparation  of  the 
gold  from  the  filver,  where  both  metals  are 
prefent,  for  being  equally  perfeT,  or  unoxidable 
by  mere  fufion,  they  are  left  uniformly  mixed 
by  melting,  after  the  alloy  has  been  feparated 
by  cupellation.  The  method  of  feparating  gold 
from  filver  is  by  the  nitric  acid,  which  if  pro- 
perly managed,  may  be  made  to  dilfolve  all  the 
filver  and  leave  all  the  gold.  This  procefs  is 
called  Parting , and  is  the  fecond  great  operation 
of  the  affayer.  Platina  may  in  general  be  put 
out  of  the  queftion,  and  it  feldom  is  contained 
in  any  gold  or  filver  alloy  actually  ufed,  but 
when  prefent  it  occafions  fome  peculiar  appear- 
ances, which  will  be  afterwards  noticed. 

Cupellation.  This  procefs  is  performed  in  a 
lurnace  contrived  for  the  purpofe,  and  capable 
of  giving  a heat  at  leaft  fufiicient  for  the  eafy 
fufion  of  gold.  ( Its  confiruBion  is  explained  in 
the  Appendix.)  In  the  middle  of  this  furnace  is 
placed  an  earthen  pot  called  a mujfle,  of  an  oven 
form,  vaulted  at  top,  with  a level  floor  at  bot- 
tom, entirely  open  at  one  end,  and  clofed  every 
where  eife,  except  a few  narrow  flits  through 
the  fides.  The  open  end  comes  in  contatt  with 
a door  at  the  fide  of  the  furnace,  and  is  generally 


luted  thereto,  fo  as  entirely  to  feparate  it  from 
the  burning  fuel.  The  body  of  the  muffle  is 
l'urrounded  with  the  coals,  and  before  cupellation 
is  gradually  heated  to  a glowing  rednefs.  Its 
ufe  is  to  protect  the  fmall  crucibles  or  cupels, 
ranged  on  its  floor,  from  any  accidental  im- 
purity which  the  fuel  might  furnifh,  and  at  the 
lame  time  to  afford  the  melted  metal  a free 
accefs  of  heated  air  to  promote  the  oxidation. 
The  cupels  are  folid  pieces  of  earth,  cubical  or 
circular,  with  a fhallow  depreflion  at  the  top  to 
contain  the  metal,  and  fmall  in  proportion  to 
the  fize  of  the  muffle,  fo  that  the  floor  of  this 
latter  will  hold  feveral  of  them  fide  by  fide. 
They  are  made  folid,  but  at  the  fame  time  fo 
porous  as  freely  to  abforb  the  lead,  in  proportion 
as  it  oxidates  and  vitrifies,  whilft  die  globule  of 
metal  that  remains  in  the  reguline  ftate  refts  on 
the  furface.  Cupels  may  be  made  of  any  in- 
fufible  earth  of  little  cohefion,  fuch  as  the  afhes 
left  after  the  lixivation  of  the  refidue  of  burnt 
wood,  which  are  much  employed  in  refining, 
or  cupellation  in  the  great  way,  but  for  affaying 
they  are  made  entirely  of  bone-afh  (phofphat 
of  lime)  ground  to  a fine  powder,  moiftened 
with  water,  fo  as  to  take  the  impreffion  of  a 
mould,  and  afterwards  thoroughly  dried.  The 
cores  of  ox-horns  are  preferred  at  the  Tower 
Affay-Office. 

The  fire  being  kindled,  the  muffle  and  empty 
cupels  are  firft  heated  gradually,  till  the  whole 
are  of  a glowing  red,  a little  powdered  chalk 
or  fand  being  firft  fprinkled  on  the  floor  of  the 
muffle,  to  prevent  the  adhefion  of  the  cupels 
by  the  litharge  foaking  through  them.  They 
are  then  ready  to  receive  the  metal  to  be  cu- 
pelled. It  fhould  be  obferved  that  the  cupels 
of  bone-afh  cannot  abforb  more  than  their 
own  weight  of  litharge  at  the  utmoft,  and 
hence  the  quantity  of  fine  metal  to  be  affayed 
fhould  not  require  more  lead  than  the  weight 
of  the  cupel.  The  proportion  of  lead  to  the 
fine  metal  is  determined  by  the  eflimated  purity 
of  the  latter,  as  will  prefently  be  mentioned. 

Experience  has  fhewn  the  extreme  difficulty 
of  conducing  cupellation  at  all  times  with  per- 
fect accuracy,  even  to  perfons  habitually  em- 
ployed in  this  delicate  operation,  and  many 
valuable  feries  of  experiments  on  this  fubjeft 
have  been  undertaken  by  able  aflayers,  among 
which  we  may  particularly  mention  thofe  of 
M.  Tillet,  and  his  affociates,  nominated  by  the 
French  government,  and  publifhed  in  the  me- 
moirs of  the  academy  in  the  years  1763 — 9-— 
75—6—8—80—8. 
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Affay  of  Silver. 

For  the  a flay  of  filver,  in  this  country,  a clean 
piece  of  the  metal  is  firft  taken,  not  more  than 
q6  grains,  and  leis  if  the  alloy  appears  to  be 
conliderable,  is  laminated,  and  weighed  with 
extreme  accuracy  in  a very  fenflble  balance. 
It  is  then  wrapped  up  in  the  requifite  quantity 
of  lead,  revived  from  litharge,  and  for  con- 
venience rolled  out  into  a fheet ; or  elfe  the 
filver  and  lead  may  be  together  clofed  in  paper. 
The  purity  of  the  lead  is  of  importance,  as  all 
lead  only  once  reduced  from  its  ore  contains 
fome  filver,  the  quantity  of  which  might  make 
fome  notable  error  in  the  delicate  operations  of 
the  afiayer.  But  when  revived  from  litharge 
lead  retains  no  more  than  about  half  a grain  of 
filver  to  the  pound,  which  may  be  entirely  neg- 
lected. 

When  the  muffle  and  cupel  are  fully  red  hot, 
the  filver  and  lead  are  then  put  in  the  cupel 
with  a pair  of  pincers,  when  they  immediately 
melt  •,  and  when  red  the  following  appearances 
take  place.  The  melted  metal  begins  to  fend 
off'  denfe  fumes,  and  a minute  ftream  of  red 
fufed  matter  is  fecn  perpetually  flowing  from 
the  top  of  the  globule  down  its  fides  to  the 
furface  of  the  cupel,  through  which  it  finks  in 
and  is  loft  to  view.  This  fume  and  the  ftream 
of  melted  matter  confift  of  the  lead  oxidated  by 
the  heat  and  air,  in  one  cafe  volatilized,  in 
the  other  vitrified,  and  in  finking  through  the 
cupel  it  carries  down  with  it  the  copper  or 
other  alloy  of  the  filver.  In  proportion  to  the 
violence  of  the  heat  is  the  denfity  of  the  fume, 
the  violence  with  which  it  is  given  off,  the  con- 
vexity of  the  furface  of  the  globule  of  melted 
metal,  and  the  rapidity  with  which  the  vitrified 
oxyd  circulates  (as  it  is  termed)  or  falls  down 
the  fides  of  the  metal.  As  the  cupellation  ad- 
vances, the  melted  button  becomes  rounder,  its 
furface  becomes  ftreaky  with  large  bright  points 
of  the  fufed  oxyd,  which  move  with  increafed 
rapidity,  till  at  laft  the  globule  being  now  freed 
from  all  the  lead  and  other  alloy,  fuddenly 
lightens ; the  laft  pottions  of  litharge  on  the 
furface  difappear  with  great  rapidity,  {hewing 
the  melted  metal  bright  with  iridefeent  colours, 
which  dire&ly  after  becomes  opake,  and  fud- 
denly appears  brilliant,  clean,  and  white,  as  if 
a curtain  had  been  withdrawn  from  it.  The 
operation  being  now  finifhed,  and  the  filver  left 
pure,  the  cupel  is  allowed  to  cool  gradually, 
till  the  globule  of  filver  is  fixed,  after  which  it 
is  taken  out  of  the  cupel  while  ftill  hot,  and 
when  cold  weighed  with  as  much  accuracy  as 

• Tillet  Mem.  de  l'Acad.  1769. 


at  firft.  The  difference  between  the  globule 
and  the  filver  at  firft  put  in,  fhews  the  quantity 
of  alloy,  the  globule  being  now  perfectly  pure 
filver,  if  the  operation  has  been  well  performed. 
The  reafon  of  cooling  the  globule  or  button 
gradually  is,  that  pure  filver,  when  congealing, 
aflumes  a cryftalline  texture,  and  if  the  outer 
furface  is  too  fuddenly  fixed,  it  forcibly  con- 
trafts  on  the  ftill  fluid  part  in  the  center,  caufing 
it  to  fpurt  out  in  arborefeent  fhoots,  by  which 
fome  minute  portions  are  often  thrown  out  of 
the  cupel  and  the  affay  fpoilt. 

In  the  delicate  allays  for  the  Mint,  in  the 
Tower  of  London,  two  allays  are  always  made 
of  the  fame  mafs  of  metal,  and  no  fenfible 
difference  between  the  weight  of  the  two  but- 
tons is  allowed  to  pafs,  afeertained  in  feales 
which  turn  with  -Vo  0 of  a grain  troy.  If  they 
differ  the  affay  is  repeated. 

The  procefs  is  confidered  as  well  performed 
when  the  button  of  filver  adheres  but  flightly  to 
the  cupel ; when  its  Ihape  is  very  confiderably 
globular  above  and  below,  not  flattened  at  the 
margin  ; when  it  is  quite  clean  and  brilliant, 
{hewing  the  beautiful  white  of  pure  filver,  and 
not  in  any  degree  fouled  or  fpotted  with  any 
remaining  litharge ; and  efpecially  when  the 
furface  of  the  metal  is  difpofed  in  feales  or 
laminae,  the  effedt  of  a ftrong  but  hafty  cryftal- 
lization,  which  gives  it  a play  of  light  and  a ftri- 
ated  luftre  very  different  from  that  of  a perfe£fly 
even  furface  of  a white  metal,  however  pure. 
Examined  by  a microfcope,  this  ftriated  furface 
is  ftill  more  ftriking  ;a  the  feales  appear  to  aftedl 
the  form  of  an  irregular  pentagon,  flightly  de- 
prefled  at  the  centre,  and  the  furface  is  decidedly 
uneven.  On  the  other  hand,  when  any  alloy  is 
left  in  the  filver,  the  furface,  though  it  may  be 
quite  brilliant,  appears  under  the  microfcope  as 
fmooth  as  if  varnifhed,  and  fcarcely  at  all  fcaly 
in  texture. 

In  common  affays  of  plate,  either  gold  or 
filver,  copper  is  the  alloy  ufually  met  with ; if 
the  fine  metal  be  nearly  pure,  the  cupel  round 
the  bottom  is  only  ftained  yellow  by  the  litharge; 
if  copper  is  contained,  it  leaves  a brown  grey 
ftain  ; the  other  metals,  except  bifmuth,  fcarcely 
penetrate  the  fubftance  of  the  cupel,  but  remain 
on  the  edges  of  its  cavity  in  the  form  of  coloured 
fcoriae,  of  which  iron  is  black,  tin  grey,  and 
zinc  a dull  yellow.  b 

The  management  of  the  fire  is  a point  of 
great  confequence  in  cupellation,  and  feveral 
important  cautions  are  given  by  the  moft  ex- 
perienced affayers.  When  filver  is  kept-in  fufion 
k Vaaquelin.  Manuel  de  l’Effayeur. 
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in  a very  high  heat,  a portion  of  it  is  volatilized, 
fo  that  if  a cupel  is  inverted  over  another  con- 
taining the  filver  thus  intenfely  heated,  the 
upper  one  will  after  a while  be  found  ftudded 
over  with  minute  globules  of  filver,  very  viuble 
through  a common  lens.  M.  Tillet  found  that 
a button  of  pure  filver,  kept  in  a very  high  heat 
for  two  hours  in  a cupel,  loft  no  lefs  than  —y 
of  its  weight,  and  hence  the  error  which  this 
may  produce  in  allaying  is  confiderable,  and 
makes  a return  of  a metal  of  lefs  purity  than  is 
really  the  cafe.  The  heat  is  known  to  be  too 
great  when  the  cupel  can  fcarcely  be  diftin- 
guilhed  from  the  muffle,  when  the  fume  given 
.off  from  the  metal  can  hardly  be  feen  for  the 
dazzling  heat,  and  mounts  up  to  the  dome  of 
the  muffle  with  great  rapidity.  On  the  other 
hand,  when  the  fire  is  too  Hack,  the  litharge  is 
not  abforbed  by  the  cupel,  but  lies  on  the  fur- 
face  as  a red  fcoria,  the  circulation  is  lluggifh, 
the  button  flat,  and  the  fume  very  fmall.  To- 
wards the  end  of  the  operation,  the  heat  fliould 
be  gradually  increafed,  for  in  proportion  as  the 
lead  is  abftraCted  from  the  alloy,  it  becomes 
lefs  eafy  of  fufion,  and  at  laft  a heat  fully  equal 
to  the  melting  of  pure  filver  is  required. 

As  cupellation  requires  a free  accefs  of  air, 
as  well  as  a high  heat  to  oxidate  the  metal,  the 
ftopper  of  the  furnace  immediately  oppofite  the 
mouth  of  the  muffle  is  altogether  removed  as 
foon  as  the  metal  is  put  into  the  hot  cupel,  to 
allow  a current  of  external  air  to  draw  in  and 
circulate  through  the  muffle  : but  to  prevent  this 
from  cooling  the  muffle  too  much,  a fmall  iron 
platform  is  made  to  projeCt  from  this  orifice,  on 
which  feveral  long  cylinders  of  charcoal  are 
heaped  up,  which,  kindling  on  the  edge  of  the 
red-hot  muffle,  burn  with  fuihcient  force  to  heat 
the  external  air  in  its  paffage  to  the  cupels.  The 
rapidity  of  oxidation  is  in  a great  mealure  regu- 
lated by  the  degree  in  which  the  mouth  of  the 
muffle  is  blocked  up  by  thefe  pieces  of  charcoal, 
being  the  greateft  when  the  charcoal  is  no  more 
than  fufficient  to  keep  up  a due  heat  within,  and 
allows  the  air  to  pafs  over  it  freely.  The  fuel 
of  the  furnace,  which  heats  all  the  reft  of  the 
muffle,  is  totally  unconnected  with  the  charcoal 
at  the  orifice.  The  furnace  fno.uld  be  made  fo 
that  the  heat  of  the  fuel  within  may  be  readily 
er.creafed  or  diminilhed,  but  at  the  fame  time 
fhould  be  able  to  be  kept  up  with  fteadinefs  and 
regularity. 

The  fpeedieft  method  of  encreafing  or  di- 
minifhing  the  heat  of  the  affay,  when  the  muffle 
is  not  too,  much  crouded  with  cupels,  is  to  pufh 
the  cupel  tc>vards  the  further  end  of  the  muffle, 


to  where  the  heat  is  the  moll  intenfe,  being  in 
the  middle  of  the  fire ; or,  on  the  other  hand, 
to  leffen  the  heat,  to  draw  the  cupel  nearer  the 
opening  of  the  muffle,  and  remove  a piece  or 
two  of  the  charcoal  from  the  mouth. 

The  time  taken  to  perform  one  filver  affay 
from  putting  the  metal  into  the  hot  cupel  to 
the  lightening  or  purity  of  the  button,  is  in  gene- 
ral from  fifteen  to  twenty-five  minutes,  but  the 
precife  time  feems  to  be  of  little  confequence, 
the  button  being  equally  pure  after  a rapid  as  a 
flow  cupellation.  The  danger  of  error  from 
too  great  heat  in  volatilizing  part  of  the  filver, 
has  been  already  mentioned,  but  at  all  times  as 
much  external  air  may  be  admitted  into  the 
muffle  as  poflible,  confident  with  keeping  up  a 
due  heat. 

The  proportioning  the  lead  to  the  eftimated 
quantity  of  alloy  in  the  filver  to  be  effayed,  is  a 
fubjeCt  of  more  importance  than  might  at  firft 
be  expeCted.  An  affay  is  known  to  have  had 
too  little  lead  when  the  button  is  very  flat,  rough 
at  the  edges,  dull  in  colour,  with  blackifh  fpots, 
ftrongly  adherent  to  the  cupel,  and  foul  with 
fcoria  on  and  about  the  button.  But  at  firft 
view  it  would  feem  to  be  immaterial  how  much 
lead  is  added,  fo  that  it  be  fufficient  to  feparate 
all  the  alloy,  as  the  whole  lead,  whether  more 
or  lefs,  will  equally  be  oxidated  by  the  cupel- 
lation fooner  or  later.  This  is  {hewn  by  the 
cupellation  of  lead  per  fe,  when  done  to  afeertain 
its  natural  quantity  of  filver,  the  whole  readily 
fcorifying  in  the  procefs,  and  leaving  only  a 
minute  globule  of  the  noble  metal.  But  the 
lofs  in  allaying  by  ufing  an  excefs  of  lead,  is 
more  than  the  mere  waffle  of  time  and  fuel,  and 
for  the  following  reafon : M.  Tillet  found  by 
experiment  that  when  perfeClly  pure  filver  was 
cupelled  with  lead,  whofe  natural  retent  of 
filver  was  known,  the  button  of  filver  remaining 
after  the  procefs  was  never  precifely  of  the  fame 
weight  as  before,  but  always  a certain  propor- 
tion lefs,  even  when  the  heat  was  not  fufficient 
to  drive  off'  any  of  the  filver.  This  indicated 
that  a part  muff  have  been  carried  down  by  the 
lead  into  the  cupel,  and  it  was  proved  by  after- 
wards reducing  the  oxyd  of  lead  out  of  the 
cupel,  and  cupelling  this  lead  by  itfelf,  when 
the  quantity  of  filver  left  was  found  to  be  ten 
times  as  great  as  the  natural  proportion  of  this 
metal,  and  almoft  exaClly  to  correfpond  to  the 
lofs  of  filver  in  the  firft  inftance.  Hence  it 
follows  that  the  affayers  report  of  the  title  or 
purity  of  any  fample  of  filver  (unlefs  corrected) 
always  makes  the  metal  a little  lefs  pure  than  in 
reality,  the  lofs  of  weight  in  the  button  being 
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entirely  put  to  tlie  account  of  alloy.  When  no 
more  lead  is  ufed  than  neccffiary  for  the  perfect 
reparation  of  the  alloy,  M.  Tillet  reckons  that 
it  carries  down  into  the  cupel  as  much  filver  as, 
when  the  whole  is  again  reduced,  would  make 
the  noble  metal  T-§--gof  the  mafs,  when  the  natural 
admixture  of  fdver  is  only  about  tttt*  But  if 
an  excefs  of  lead  is  employed  for  cupellation, 
this  lofs  of  fdver  is  fomewhat  greater,  though 
it  does  not  encreafe  in  the  ratio  of  the  excefs 
of  the  lead,  for  ten  parts  of  lead  to  a given 
alloy  will  not  carry  down  twice  as  much  fdver 
as  five  parts,  though  the  difference  of  lofs  will 
be  very  fenfible. 

It  might  be  fuppofed  that  as  the  litharge  of 
the  firft  allay  has  been  able  to  carry  down  a 
certain  portion  of  fdver  into  the  cupel  in  the 
firft  inftance  *,  the  fame  when  again  reduced  to 
reguline  lead  could  not  be  made  to  reftore  its 
excefs  of  fdver  by  mere  cupellation  per  fe.  This 
however  is  not  the  cafe,  for  the  fecond  cupel- 
lation is  found  to  leave  a button  of  fdver  fully 
equal  to  the  lofs  of  this  metal  in  the  firft  allay, 
the  lead  only  carrying  down  its  natural  retent 
of  fdver  or  nearly,  that  is  about  ttVt  °f  its 
weight,  as  above  mentioned.  If  the  litharge  of 
the  fecond  cupellation  is  again  reduced  and  the 
lead  cupelled  a third  time,  an  extremely  fmall 
globule  of  fdver  is  left,  fcarcely  vifible  to  the 
naked  eye.  Again  reduced  and  cupelled,  a 
minute  grain  of  fdver,  only  vifible  by  a lens,  is 
left  on  the  cupel,  after  which  the  quantity  be- 
comes fo  fmall  as  to  elude  the  fenfes.  This  is 
a convincing  proof  againft  the  converfion  of 
lead  into  fdver  by  cupellation,  formerly  fuppofed 
by  fome  chemifts  of  confiderable  name,  the 
filver  being  obvioufly  only  extracted  from  the 
lead  in  thefe  proceffes,  and  not  generated  from 
it.  In  all  thefe  redutions  the  fdver  appears 
equally  diftributed  through  the  lead,  for  M. 
Tillet  found  that  feparate  globules  of  lead  by 
accident  fpurted  out  upon  an  empty  cupel  in 
the  muffle,  each  left  a minute  atom  of  filver 
lying  upon  the  fpot  where  the  globules  had 
fcorified. 

Bifmuth  will  ferve  the  fame  purpofe  as  lead 
in  cupellation,  but  befides  that  is  a dearer  metal 
and  not  always  eafily  procurable,  it  is  found  to 
carry  down  with  it  into  the  cupel  fomewhat 
more  of  the  fdver  than  the  fame  quantity  of 
lead  does. 

As  the  lead  muft  be  proportioned  before  cu- 
pellation to  the  eftimated  quantity  of  alloy  in 
the  fdver,  a method  muft  be  found  of  forming 
this  eftimate  with  fuflicient  exatnefs.  The 
antient  aflayers  made  great  ufe  of  Touch- 
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Needles,  or  fmall  flips  or  bars  of  metal,  made 
with  pure  filver,  alloyed  with  known  propor- 
tions of  copper,  in  a regularly  encreafing  feries 
from  the  lead;  to  the  greateft  proportion  ever 
required.  The  fdver  to  be  allayed  was  then 
examined  in  comparifon  with  the  touch-needles, 
in  colour,  tenacity,  and  other  external  charac- 
ters, and  its  alloy  was  eftimated  by  that  of  the 
needle  to  which  it  Ihewed  the  doled:  refem- 
blance.  Thefe  needles  are  now  however  almoft 
totally  difufed  in  fdver  affiaying,  an  experienced 
afiayer  being  able  to  judge  of  the  alloy  with 
quite  fulficient  exatnefs,  by  the  eafe  or  diffi- 
culty with  which  it  is  cut,  the  colour  and  grain 
of  a frelh  cut  furface,  the  malleability,  the 
change  of  furface  when  made  red  hot,  and  the 
general  appearance. 

AJfay  of  Gold. 

The  allay  of  gold  is  fomewhat  more  compli- 
cated than  that  of  fdver.  Silver,  if  not  mixed 
with  gold  or  platina,  requires  only  the  tingle 
operation  of  die  cupel  to  feparate  its  alloy  and 
afeertain  its  purity  ; if  mixed  with  gold,  though 
the  latter  be  in  a fmall  proportion,  it  is  called  a 
gold  allay,  on  account  of  the  fuperior  value  of 
this  metal.  Copper,  or  any  other  bafe  metal, 
when  mixed  with  gold  may  indeed  be  feparated 
from  it  by  cupellation  with  lead  as  from  fdver, 
but  it  is  found  by  experience  that  the  affinity  of 
copper  to  gold  is  fo  ftrong  as  fcarcely  to  be 
overcome  by  this  method,  unlefs  the  mixture 
be  firft  combined  with  a certain  quantity  of 
fdver  before  cupellation.  This  therefore  necel- 
farily  requires  a fubfequent  operation,  namely 
that  of  feparating  the  gold  from  the  fdver  when 
mixed  in  the  button  left  after  cupellation. 

Gold  is  alfo  frequently  alloyed  intentionally 
with  fdver  in  fome  foreign  coins,  and  in  fome 
kinds  of  manufature.  The  procefs  of  parting, 
or  feparating  gold  from  fdver  is  performed  by 
a dilute  nitric  acid  (or  aqua  fortis  as  it  is  con- 
ftantly  termed  in  manufacture)  the  acid  diffolv- 
ing  the  fdver  and  leaving  the  gold  untouched. 
But  here  another  fingular  circumftance  occurs  : 
it  is  found  that  when  the  gold  is  in  confiderable 
proportion  in  the  mixture,  it  fo  much  protects 
the  fdver  from  the  acid  as  to  prevent  its  action 
more  or  lefs  completely,  and  the  parting  is  im- 
perfect. Therefore,  when  thefe  metals  are  thus 
mixed,  it  becomes  necefflary  to  add  fo  much 
fdver  as  to  give  this  metal  a great  excefs  over 
the  gold.  About  three  of  fdver  to  one  of  gold 
are  generally  confidered  to  be  requifite,  and 
hence  the  procefs  of  parting  has  alfo  been  called 
quartation , the  relative  proportion  of  the  gold 
being  reduced  to  no  more  than  one-fourth  of  the 
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mafs.  Any  greater  proportion  of  filver  than 
three-fourths  may  be  parted  with  equal  cer- 
tainty, but  for  a particular  convenience  in  ma- 
naging the  procefs  and  to  fave  needlefs  trouble, 
when  filver  is  to  be  intentionally  added,  no  more 
is  taken  than  will  give  the  above  compofition. 
It  may  be  obferved  however  that  many  good 
affaycrs  confider  three  parts  of  filver  to  one  of 
gold  as  more  than  neceflary,  and  that  about 
two  will  fulhce. 

It  would  feem  at  firffc  fight  that  in  gold  allay- 
ing, as  both  filver  and  copper  (the  ufual  alloy 
of  gold)  are  foluble  in  aqua  fortis,  the  firfl  pro- 
cefs of  cupellation  might  be  fpared,  and  the 
parting  alone  reforted  to.  This  is  indeed  fome- 
times  done,  the  gold  allay  piece  being  fimply 
melted  with  the  requifite  quantity  of  filver  and 
immediately  parted  by  means  of  the  acid.  But 
as  the  entire  quantity  of  materials  for  the  aflay 
is  only  a few  grains,  and  as  the  intimate  mix- 
ture with  the  filver  is  a point  of  great  confe- 
quence,  it  is  found  better  on  the  whole  firfl  to 
cupel  them  with  lead  (even  when  no  copper  is 
prefent  and  the  original  alloy  of  the  gold  is  only 
filver)  that  they  may  be  thoroughly  combined 
and  be  collected  into  a fmall  neat  globule,  with- 
out rilk  of  lofing  or  difperfing  any  minute  por- 
tions. 

The  cupellation  of  gold  therefore  is  conducted 
in  the  following  manner.  Its  proportion  of 
alloy  being  firfl  eflimated  by  the  touchy  as  will 
preiently  be  explained,  and  the  fmall  piece  de- 
figned  for  the  aflay  being  weighed  with  extreme 
accuracy,  as  much  filver  is  taken  as  is  eflimated 
to  be  neceflary  to  make  the  entire  quantity  of 
this  metal  about  thrice  the  weight  of  the  pure 
gold ; the  requifite  proportion  of  lead  is  alfo 
taken,  and  all  three  are  put  on  the  hot  cupel, 
where  they  melt  and  combine  almoft  imme- 
diately. The  proportion  of  lead  to  the  alloy 
of  bafe  metal  is  nearly  the  fame  as  for  filver 
aflaying,  the  quantity  will  be  feen  by  the  fub- 
joined  table.  The  procefs  of  cupellation  is 
conduced  nearly  the  fame  as  for  filver,  only  a 
greater  heat  is  required  throughout  in  gold 
aflaying,  and  this  may  be  ufed  with  freedom, 
as  none  of  the  gold,  or  rather  the  mixture  of 
gold  and  filver,  is  loft  by  volatilization,  as  pure 
filver  is.  The  lightning , or  fudden  luminous 
brightnefs  of  the  button,  when  all  the  lead  is 
worked  off,  takes  place  here  as  in  filver  aflaying, 
and  when  cooled  the  button  is  taken  out  and 
weighed.  It  now  confilts  only  of  gold,  with 
about  three  times  its  weight  of  filver ; the 
copper,  the  original  alloy,  having  been  worked 


off  along  with  the  litharge.  Strictly  fpeaking 
however,  the  button  is  not  abfolutely  pure,  as 
gold  when  cupelled  with  lead  always  retains  a 
minute  portion  of  this  latter  metal,  which  may 
be  got  rid  of  chiefly  by  being  kept  a little  time 
in  fufion  on  a clean  veffel  covered  by  a fmall 
crucible.  The  lead  totally  difappears  after  part- 
ing.0 The  cold  button  is  then  flattened  with 
the  hammer,  again  heated  red  hot,  and  flowly 
cooled  to  anneal  it  and  encreafe  its  malleability, 
then  paffed  between  rollers  of  polifhed  fleel,  to 
extend  it  into  a fmall  plate  about  as  thin  as  a 
wafer,  again  heated  only  to  rednefs,  and  laflly 
rolled  up  into  a fmall  Ioofe  coil.  The  ufe  of 
the  annealing  is  to  allow  the  plate  to  roll  up 
without  cracking,  and  at  the  fame  time  to  open 
the  texture  of  the  metal  fomewhat  clofed  by  the 
rolling,  to  allow  the  free  a£lion  of  the  aqua 
fortis  in  the  fubfequent  operation  of  parting. 

Before  we  defcribe  this  procefs  we  fhall  men- 
tion the  way  of  eflimating  the  alloy  of  gold 
before  cupellation,  which  is  neceflary  for  giving 
it  the  due  portion  of  lead.  The  finenefs  of 
filver,  as  we  before  obferved,  is  afcertained 
partly  by  touch-needles  of  filver  and  copper, 
but  principally  by  the  appearance,  hardnefs,  and 
other  external  chara£lers  which  experienced 
affayers  can  eftimate  to  very  great  nicety.  Gold 
is  partly  judged  of  by  the  fame  method,  but  it 
is  more  complicated  than  in  the  former  cafe  at 
leaft,  as  three  metals  are  here  concerned  in  the 
ufual  alloys,  namely,  gold,  filver  and  copper, 
fo  that  the  affayer  has  to  judge  of  every  pro- 
portion of  admixture  of  gold  and  filver,  gold 
and  copper,  and  often  gold,  filver  and  copper. 
An  experienced  artifl,  if  he  knows  the  nature 
of  the  alloy,  can  nearly  tell  its  proportion  by 
mere  infpe£lion  and  cutting  the  furface  ; but  if 
touch-needles  are  here  ufed,  there  muff  be 
feveral  fets  of  them,  adapted  to  the  nature  of 
the  alloy.  Four  fets  of  thefe  are  commonly 
dire£led  ; d one  in  which  pure  filver  is  ufed  for 
the  alloy,  another  in  which  the  alloy  is  a mix- 
ture of  two  parts  filver  and  one  copper,  a third 
with  two  parts  copper  and  one  filver,  and  a 
fourth  of  copper  only.  Thefe  are  feverally 
weighed  out  molt  carefully,  with  every  requifite 
portion  of  the  fineft  gold,  encreafing  in  twenty- 
fourth  parts,  and  melted  together  ; but  with 
the  three  laft  very  little  ufe  can  be  made  of 
mixtures  of  low  denomination,  for  where  the 
copper  is  in  large  quantity,  the  change  which 
it  gives  to  the  colour  of  gold  is  not  eafily  dif- 
tinguilhed  from  the  hue  of  different  fpecies  of 
copper.  In  melting  thefe  mixtures,  befides  the 
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ufual  precautions  againft  accidental  lofs,  borax 
is  ufed  as  a flux  to  facilitate  the  union  of  the 
metals,  and  fome  pitch  or  tallow  fhould  be  kept 
burning  on  the  furface,  to  prevent  the  lofs  by 
oxidation  of  part  of  the  copper,  which  would 
alter  the  intended  proportions.  As  foon  as  ever 
they  are  melted  and  ftirred  together  they  fhould 
be  taken  out  of  the  fire.  But  Mr.  Hatchett’s 
late  experiments  on  the  alloys  of  gold  have 
fhewn  that  the  difficulties  of  producing  a per- 
fectly uniform  alloy  of  thefe  metals  by  fufion, 
are  fo  great  as  very  much  to  leflen  the  con- 
fidence to  be  placed  in  touch-needles  for  the 
fmaller  divifions. 

Another  ingenious  and  Ample  method  is  re- 
ported to  for  estimating  the  proportion  of  gold 
to  all  other  metals  (platina  excepted)  in  any 
alloy.  It  is  the  operation  of  touching.  For  this 
purpofe  a tolerably  hard  dark-coloured,  fmooth 
grained,  even  ftone  is  felefted,  fuch  as  the  black 
bafalt,  (or  fome  kinds  of  fine  black  pottery 
will  anfwer  very  well)  the  piece  of  metal  to  be 
tried  is  rubbed  on  it  backwards  and  forwards, 
fo  as  to  make  a broad  bright  metallic  ftreak  on 
the  touch-flone,  which  fliews  the  colour  of  the 
alloy,  and  may  be  ufefully  compared  with  ano- 
ther ftreak  made  befule  it  by  the  touch-needle, 
to  which  it  bears  the  neareft  refemblance.  The 
colour  is  heightened  by  being  wetted  before 
examination.  In  this  Ample  method,  and  by 
the  affiftance  of  good  touch-needles,  a praftifed 
eye  will  tell  to  great  nicety  the  proportion  of 
gold  when  the  nature  of  alloy  is  known.  The 
Chinefe  are  faid  to  diftinguifh  by  this  means  as 
nearly  as  to  the  200th  part  of  gold  in  the  alloy 
of  gold  and  Alver,  and  in  the  extenAve  com- 
merce of  the  precious  metals  throughout  the 
Eaft  Indies  this  is  faid  to  be  the  only  method  of 
trial  commonly  adopted.  c 

The  nitric  acid  is  alfo  of  Angular  fervice  in 
the  trial  of  touchings  and  is  ufed  to  afcertain 
abfolutely  the  quantity  of  gold,  whether  the 
alloy  be  copper  or  Alver,  or  any  other  metal 
except  platina.  This  is  in  faft  performing  in 
the  rough  way  a kind  of  parting.  When  the 
ftreak  on  the  ftone  has  been  examined  by  the 
eye,  a drop  of  aqua-fortis  is  let  to  fall  and 
gently  fpread  over  it.  In  eight  or  ten  feconds 
it  is  wafhed  off,  and  the  effect  obferved.  If 
the  ftreak  preferves  its  golden  brilliance  un- 
altered, the  metal  is  judged  to  be  of  a certain 
degree  of  flnenefs ; if  it  looks  red,  dull  and 
coppery,  it  is  lefs  ftne ; if  the  ftreak  is  almoft 
entirely  effaced,  the  metal  contains  very  little 
gold,  and  thus  by  that  experience,  which  no 


defcription  can  teach  and  nothing  but  aftual 
practice  can  give,  a good  affayer  will  form  a 
very  tolerable  judgment  of  the  value  of  his 
fample. 

But  it  is  found  in  touching  that  pure  nitrous 
acid,  of  whatever  ftrength,  wall  not  aft  in  any 
very  decided  manner  upon  the  alloy  of  copper 
and  gold,  when  this  latter  metal  is  as  much  as 
two-thirds  of  the  mafs, f and  hence  this  procefs 
is  chiefly  of  ufe  in  the  lower  mixtures.  But  if 
a fmall  portion  of  muriatic  acid  is  added  to  the 
nitrous,  the  aftivity  of  the  menftruum  is  fo 
much  encreafed  that  any  mixture  below’-  three- 
fourths  will  be  afted  on,  and  confequently  the 
power  of  this  operation  is  much  extended.  Gold 
therefore  protefts  the  alloy  from  the  acid  to  a 
very  great  degree,  and  this  is  Amilar  to  what  is 
found  in  parting,  as  the  gold  muft  not  be  more 
than  a fourth,  or  at  moll  a third  of  the  mafs, 
to  allow  of  the  reparation  of  its  alloy.  The 
beft  acid  for  touching  is  recommended  by 
Vauquelin  to  be  98  parts  of  nitric  acid  of  13.4 
fpeciAc  gravity,  2 parts  of  muriatic  acid  of  1 1.73 
fpeciAc  gravity,  and  25  parts  of  w'ater.  This 
nitro-muriatic  acid,  it  may  be  obferved,  does 
not  aft  fenfibly  on  the  gold  of  the  ftreak  on  the 
touchftone,  the  application  being  fo  fhort,  with- 
out heat,  and  efpecially  the  muriatic  ingredient 
being  in  fuch  fmall  proportion.  Touching  is 
particularly  of  ufe  in  judging  of  the  value  of 
very  fmall  famples  of  gold,  wrought  trinkets, 
and  fuch  pieces  as  cannot  fpare  as  much  as  Ax 
or  eight  grains  for  an  affay.  As  it  only  gives 
the  flnenefs  of  the  furface  which  is  abraded, 
caution  is  neceffary  where  plated  metal  is  fuf- 
pefted,  or  wffiere  the  furface  is  artificially  made 
finer  than  the  inner  part. 

Of  Parting. 

The  button  of  gold  and  Alver  left  after  cupel- 
lation,  having  been  laminated  and  rolled  into  a 
fpiral  in  the  way  above  mentioned,  is  called 
a cornet ; it  is  then  put  into  a glafs  mattrafs,  of 
a pear-form,  called  a parting-g/afs,  and  about 
twice  or  thrice  its  weight  of  pure  nitric  acid 
moderately  diluted  (M.  Vauquelin  recommends 
1.25  fpecific  gravity)  is  poured  on  it,  the  glafs  is 
fet  on  a fand  bath  or  over  charcoal  to  boil,  the 
mouth  being  flightly  covered  to  keep  out  the 
duft.  When  warm,  the  acid  foon  begins  to  aft 
on  the  Alver,  and  diffolves  it  with  the  ufual 
evolution  of  nitrous  fumes.  As  long  as  the 
acid  continues  to  aft,  the  cornet  is  ftudded  all 
over  with  minute  bubbles ; wffien  thefe  difeon- 
tinue,  or  unite  into  a few  large  ones,  it  is  a fign 
that  the  acid  has  ceafed  to  aft.  About  fifteen 
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or  twenty  minutes  from  the  time  the  acid  boils, 
is  required  for  this  procefs.  The  cornet  is  now 
corroded  throughout,  having  loft  by  the  foluticn 
all  the  filver,  which  was  from  two-thirds  to 
three-fourths  of  its  fubftance  : the  gold  retains 
the  fame  coiled  form,  but  is  very  ilender  and 
brittle.  It  is  of  importance  that  it  fhould  not 
be  broken,  as  it  tends  much  to  the  accuracy 
of  the  bufinefs  to  have  all  the  gold  in  one 
piece  and  not  in  fragments,  and  this  is  the 
chief  reafon  why  no  more  filver  than  abfolutely 
neceffary  is  added  before  cupellation ; for  it  is 
obvious  that  the  lefs  the  proportion  of  gold  in 
the  cornet  the  more  likely  it  will  be  to  fall  to 
pieces  on  the  flighted:  agitation.  The  hot  acid 
folution  of  filver  is  then  poured  off  with  great 
care,  and  frefh  acid,  rather  ftronger,  is  added 
to  clear  away  all  remains  of  the  filver,  and 
boiled  as  before,  but  only  for  five  or  fix  minutes. 
It  is  then  decanted  and  added  to  the  former 
folution,  and  the  parting  glafs  is  filled  with  hot 
diftilled  water,  to  wafh  off  all  the  remains  of 
the  folution.  This  is  decanted  off,  and  at  the 
fame  time  the  cornet,  now  brown,  fpongy  and 
unmetallic  in  appearance,  is  got  out  by  the  fol- 
lowing little  manual  dexterity.  A fmall  crucible 
is  inverted  over  the  top  of  the  parting  glafs 
whilft  full  of  water,  the  latter  is  then  rapidly 
inverted  upon  the  crucible,  and  the  cornet  falls 
foftly  through  the  water  down  the  neck  of  the 
glafs  into  the  crucible,  where  it  is  gently  de- 
pofited  and  the  water  carefully  decanted  off. 
The  crucible  is  then  dried  and  heated  under  a 
muffle  to  rednefs,  by  which  the  cornet  {brinks 
extremely  in  every  dire&ion,  becomes  firm, 
regains  its  metallic  luftre,  and  when  fully  red 
hot  and  cooled,  it  appears  a fmall  cornet  of 
pure  gold,  with  all  the  beautiful  luftre,  foftnefs 
and  flexibility  of  this  noble  metal.  This  is  then 
moll  accurately  weighed  and  the  procefs  is 
finifhed. 

The  final  weight  of  the  gold  cornet  indicates 
the  abfolute  quantity  of  this  metal  in  the  affayed 
fample : the  difference  between  the  weight  of 
the  button  after  cupellation  (deducing  the  filver 
added)  and  the  firft  fample  is  the  weight  of  the 
copper  or  other  bafe  metal  in  the  gold ■,  and  the 
difference  between  the  gold  cornet  together  with 
the  filver  added,  and  the  button  after  cupel- 
lation is  the  quantity  of  filver  alloyed  with  the 
original  gold. 

The  folution  of  filver  left  after  parting  is* 
ufualiy  recovered  by  immerfing  in  it,  when  col- 
lected in  quantity,  fome  bright  copper  plates, 
which  diffolve  and  precipitate  the  filver  in  its 


metallic  form.  It  may  alfo  be  recovered  by  a 
folution  of  common  fait,  which  converts  the 
filver  into  luna  cornea,  of  which  when  wafhed 
and  fully  dried  at  a heat  below  rednefs,  ioo 
parts  indicate  75  of  filver.  The  accuracy  of 
the  affay  may  be  partly  verified  by  this  method. 

Affay  Weights . 

A peculiar  fet  of  weights  have  been  ufed  by 
different  nations  in  the  aflaying  of  gold  and 
filver,  which  require  to  be  explained.  The  real 
quantity  taken  for  an  affay  is  always  very  fmall, 
in  this  country  generally  from  18  to  36  troy 
grains  for  filver,  and  from  6 to  12  grains  for 
gold.  This  is  the  integer,  and  whatever  be  its 
real  weight  it  is  denominated  in  England  the 
affay  pound.  This  imaginary  pound  is  then 
fubdivided  into  aliquot  parts,  but  differing  ac- 
cording to  the  metal.  The  filver  affay  pound  is 
fubdivided  as  the  real  troy  pound  into  1 2 ounces, 
each  ounce  into  twenty  pennyweights,  and,  for 
aflaying,  thefe  again  into  halves.  So  that  there 
are  480  different  reports  for  filver  (this  being 
the  number  of  half  pennyweights  in  the  pound) 
and  therefore  each  nominal  half  dwt.  weighs  -jo 
of  a troy  grain,  when  the  entire  affay  pound  is 
24  grains. 

The  report  is  made  according  to  the  propor- 
tion of  fine  metal,  thus  the  ftandard  filver  of 
the  realm  is  reported  by  the  affayers  to  be  1 1 oz. 
2 dwt .fine,  meaning  thereby  that  the  remainder 
of  the  pound  is  compofed  of  18  dwt.  of  alloy 
or  copper,  or  in  other  terms  that  there  are  37 
parts  of  filver  to  3 of  copper.  The  gold  affay 
pound  is  fubdivided  into  24  carats,  and  each 
carat  into  4 affay  grains,  and  each  grain  into 
quarters.  So  that  there  are  only  384  feparate 
reports  for  gold.  The  ftandard  for  gold  coin 
is  22  carats  fine.,  and  of  courfe  2 carats  alloy. 
When  the  gold  affay  pound  or  integer  is  only  6 
troy  grains,  the  quarter  affay  grain  only  weighs 
■gT  of  a troy  grain.  This  will  give  an  idea  how 
accurate  muft  be  the  feales  ufed  for  fuch  deli- 
cate operations. 

Affayers  alfo  make  their  report  upon  gold 
and  filver  as  being  better  or  ivorfe  than  the  eftab- 
liffied  ftandard.  Thus  gold  of  20  carats  would 
be  reported  as  ivorfe  2 carats , being  that  propor- 
tion lefs  than  the  ftandard  of  22  carats.  We 
may  juft  obferve  that  the  ftandard  for  filver 
of  11  oz.  2 dwt.  fine,  which  long  has  been 
and  is  now  eftablifhed,  was  interrupted  from 
March  25,  1697,  to  June  1,  1720,  during  which 
interval  it  was  .raifed  to  1 1 oz.  10  dwt.  fine,  and 
is  called  new  fier/ing.  s It  is  diftinguiffied  by 
the  ftamp  of  a Britannia,  whilft  the  old  ficrimgr 
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alfo  refumed  fince  1720,  has  the  ftamp  of  a 
lion  rampant.  When  a mixture  of  gold  and 
filver  is  the  fubjeft  of  enquiry,  if  the  quantity 
of  gold  exceeds  that  of  filver,  it  is  called  gold 
parting : if  the  contrary,  filver  parting , and  the 
return  is  made  accordingly,  but  with  this  dif- 
tindlion : in  filver  parting  the  report  is  firft 
made  on  all  the  fine  metal  collectively,  as  if  for 
filver  alone,  fo  if  10  oz.  of  fine  metal  be  found, 
the  affayer  reports  ivorfe  1 oz.  2 dwt.  that  is,  1 oz. 
2 dwt.  lower  than  the  ftandard  of  filver. 

When  the  allay  pound  is  fubdivided,  as  for 
filver,  in  the  fame  manner  as  the  troy  pound, 
it  is  obvious  that  all  the  lower  denominations 
bear  the  fame  relation  to  each  other ; which  is 
fome  little  advantage  in  transferring  the  allay 
reports  to  real  mixtures  for  ufe.  On  the  con- 
trary, the  carat  fubdivifion  for  gold,  is  confined 
to  allaying,  but  its  fractions  being  aliquot  parts 
of  the  troy  pound,  the  calculation  for  real  ufe 
is  very  eafy : as  the  troy  pound  contains  5760 
grs.  the  carat  correfponds  with  240  grs.  or  10 
dwt.  the  allay  grain  or  4th  of  a carat  with  60 
troy  grains,  and  the  allay  quarter  grain  with  15 
troy  grains.  To  which  report,  when  the  affayer 
has  feparated  the  gold  (4  oz.  for  example)  he  adds 
4 oz.  gold  in  a lb.  troy.  Whereas  in  gold  parting 
he  takes  two  equal  allay  pieces,  treats  one  as  a 
filver  allay,  and  the  other  as  a gold  allay,  to 
find  the  abfolute  quantity  of  each  metal,  after 
which  the  report  is  firft  made  on  the  gold  fingly, 
to  which  is  added  the  report  of  the  filver  fepa- 
rately.  Thus  if  he  finds  4 oz.  of  gold  and  3 
oz.  of  filver,  he  reports  ivorfe  14  carats , (2  carats 
being  equivalent  to  an  allay  ounce,  and  con- 
fequently  the  4 oz.  of  gold  equal  to  8 carats, 
which  fubftracted  from  22  carats,  the  gold 
ftandard,  leaves  14!  to  which  report  he  adds 
fine  filver  3 oz.  But  when  the  mixed  metal 
contains  more  than  half  alloy,  it  is  called  metal 
for  gold  and  fiver , and  the  abfolute  quantity  of 
each  reported  feparately. 

The  allay  pound,  or  integer,  is  divided  in  a 
different  manner  in  feveral  parts  of  Europe.  In 
France  before  the  late  alteration  of  weights  the 
god  alfay  was  divided  into  24  carats,  and  the 
carat  fubdivided  into  32  parts,  making  an  ulti- 
mate divificn  of  768  parts.  The  filver  alfay 
pound  was  divided  into  12  deniers,  and  the 
denier  into  24  grains,  making  288  grains  in  the 
pound. 

The  Cologne  alfay  weights,  ufed  in  moll  parts 
of  Germany,  are  the  following.  For  gold  the 


integer,  here  called  a mark , is  divided  into  24 
carats,  and  each  carat  into  12  grains,  making 
288  ultimate  divifions.  For  filver,  the  mark  is 
divided  into  16  loths,  and  the  loth  into  18 
grains,  alfo  making  288  fubdivifions. 

The  Chinefe  ufe  the  decimal  divifion  for  gold 
as  well  as  filver,  The  integer  contains  ico- 
touches , and  the  fimple  ufe  of  the  touchftone 
will  enable  the  expertefl  dealers  to  afeertain 
with  much  accuracy,  to  the touch  or  200th 
of  the  integer. 

The  French  have  of  late  years  adopted  the 
decimal  method,  confiftently  with  their  general 
fyftem  of  decimal  numeration.  The  integer  for 
alfaying  (both  gold  and  filver)  is  the  gramme , 
equivalent  to  about  154-  troy  grains,  and  the 
allay  fubdivifions  are  the  fame  as  thofe  eflablilhed 
for  the  gramme,  being  tenths,  hundredths,  and 
thoufandths. 

It  remains  to  give  the  proportions  of  lead  to 
the  eftimated  alloy  of  fine  metal  neceffary  to  be 
added  for  cupellation.  The  moll  authentic 
documents  for  this  purpofe  are  probably  the 
very  careful  experiments  of  Melfrs.  Tillet, 
Hellot,  and  Macquer,  which  were  the  bafis  of 
a regulation  fubfequently  adopted  by  an  edict 
of  the  late  French  government. 

Copper,  the  ufual  alloy  of  the  fine  metals, 
when  taken  fingly  is  found  to  require  from  ten 
to  fourteen  times  its  weight  of  lead  for  complete 
fcorification  on  the  cupel.  Now  all  admixtures 
of  fine  metal  tend  to  protect  the  copper  from 
the  action  of  the  litharge,  and  the  more  obfti- 
nately,  the  greater  the  proportion  of  fine  metal. 
So  that  copper  with  three  times  its  weight  of 
filver  (or  9 oz.  fine)  requires  40  times  as  much 
lead  as  copper,  with  1 1 parts  of  filver  requires 
72  of  lead,  and  the  like  in  an  encreafing  ratio. 
The  following  is  the  table  of  the  proportions  of 
lead  required  to  different  alloys  of  copper,  of 
which  a few  points  are  founded  on  the  above- 
mentioned  experiments,  and  the  reft  filled  up 
according  to  the  eftimated  ratio  of  encreafe 
(being  mutiples  of  the  allay  integer  24,  in  arith- 
metical progreffion.)  In  the  three  firft  columns 
is  (hewn  the  abfolute  encreafe  of  the  quantity 
of  lead  in  alloys  of  decreafing  finenefs  : in  the 
three  laft  columns  will  be  feen  the  gradual 
diminution  of  the  protecting  power  of  fine 
metal  againft  fcorification,  in  proportion  to  the 
encreafe  of  alloy  {hewn  by  the  decreafing  quan- 
tity of  lead  required  for  the  fame  weight  of 
copper,  under  different  mixtures. 
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Table. 

Ratio 

Lead,  of  encreafe.  Copper.  Silver.  Lead. 

9 6 (=;  4X24)  and  hence  1 with  23  requires  9 6 


144  (=  6X24) 

192  (=  8x24) 

240  (=10x24) 

288  (=12x24) 
336  (=14X24) 
384  (=16x24) 
432  (=18x24) 
480  (=20x24) 
528  (=22X24) 
576  (=24X24) 
624  (=26x24) 
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- 72 

- 48 

- 40 
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- 33 
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- 28X 
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Silver.  Copper. 

23  with  i requires 

22 2 

20 4 

18 6 

16 8 

14 
12 
10 
8 
6 

4 

2 

It  fhould  be  remarked  however,  that  many 
affayers  of  good  authority  ufe  proportions  of 
lead  to  alloy  confiderably  different  from  the 
above  table,  and  the  whole  of  the  numbers  here 
given  may  be  confidered  as  rather  high  in  regard 
to  the  quantity  of  lead. 

The  German  affayers  obferve  the  following 
rules.  h 

Copper.  Silver.  Lead. 

1.  with  20  requires  128 

1 15 96 

1 7 64 

! 4 56 

1 3 4o 

1 1 30 

1 i 20 

1 — T-T  > 17 

ihe  proportions  of  lead  required  for  gold 
allaying  are  nearly  the  fame  as  for  filver. 

■Ajfays  of  alloys  of  Platina. 

On  account  of  the  great  fpecific  gravity  of 
platina,  it  has  fometimes  been  fraudulently  em- 
ployed as  an  alloy  for  gold,  and  being  equally 
unoxidable  by  lead  as  gold  and  filver,  it  re- 
mains in  the  allay  button  after  cupellation. 
It  is  not  difficult  however  to  detedt  this  metal 
even  in  very  fmall  admixtures,  and  by  the  fol- 
lowing marks.  Gold  alloyed  with  fo  little  as 
1 per  cent  of  platina,  and  cupelled  in  the  ufual 
way  with  3 parts  of  filver,  differs  from  gold  and 
filver  alone. 

x.  In  requiring  a much  greater  heat  for  corn- 
pleat  fufion  of  the  button,  efpecially  at  the  laff 
when  all  the  lead  is  worked  off",  otherwife  the 
button  remains  flat,  like  a piece  of  money,  and 
its  furface  knotty. 

2.  Even  when  the  button  is  well  fufed,  its 
edges  are  much  thicker  and  more  rounded  than 
in  common  gold  allays,  its  colour  duller  and 


tending  to  yellow,  and  efpecially  it  appears 
remarkably  and  entirely  cryftallized  on  its  fur- 
face.  This  power  of  platina  in  giving  a decided 
cryftalline  form  to  the  gold  or  filver  alloys  in 
which  it  enters,  is  very  chara£teriftic. 

3.  In  the  cupellation,  as  foon  as  the  laff  por- 
tions of  lead  are  worked  off,  the  button  appears 
fomewhat  pally,  is  fcarcely  iridefeent,  and  efpe- 
cially it  does  not  lighten  or  aflume  fuddenly  a 
brilliant  metallic  look,  but  remains  dull  and 
tarnilhed. 

Thefe  appearances  encreafe  with  the  quantity 
of  platina  in  the  alloy,  but  when  it  amounts  to 
about  10  per  cent,  the  colour  of  the  alloy  is  fo 
debafed  and  whitened  as  readily  to  be  diftin- 
guifhed  from  that  of  pure  or  llandard  gold,  by 
fimple  infpedlion. 

Silver  is  feldom  alloyed  with  platina  inten- 
tionally, the  price  of  the  two  metals  being  fo 
nearly  the  fame  as  not  to  make  it  worth  while 
as  a fraud.  When  the  platina  is  not  more  than 
5 per  cent,  of  the  alloy,  it  works  eafily  on  the 
cupel,  but  the  lightning  is  lefs  obfervable  than 
in  a button  of  pure  filver.  But  the  remarkable 
property  of  cryftallizing  is  Hill  more  confpicuous 
here  than  in  the  compound  alloy  of  gold  filver 
and  platina,  and  the  button  is  befides  of  a duller 
white,  with  fomewhat  of  yellow.  When  the 
platina  amounts  to  a quarter  of  the  alloy,  the 
button  on  the  cupel  flattens  and  becomes  party, 
even  before  all  the  lead  is  run  off ; its  furface 
becomes  full  of  knobs,  which  by  help  of  a glafs 
appear  clufters  of  cryftalline  points,  and  its 
colour  is  grey  and  tarnilhed. 

The  aftion  of  nitrous  acid  on  the  alloys  of 
platina  is  very  remarkable.  By  itfelf  platina  is 
infoluble  in  this  acid  as  gold  is,  and  an  alloy 
of  thefe  two  metals  equally  refills  its  adlion. 
But  when  filver  enters  into  the  mixture  in  the 
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fame  proportion  as  for  parting  (that  is  about  2-5- 
or  3 times  the  weight  of  the  gold  and  platina) 
and  when  the  platina  is  not  more  than  about 
a tenth  of  the  gold,  the  platina  is  totally  foluble 
in  nitrous  acid,  together  with  the  filver,  and 
the  gold  alone  remains  untouched. 

On  the  other  hand  when  an  alloy  of  filver 
and  platina  alone  is  treated  with  nitrous  acid, 
the  filver  diflolves  as  ufual,  but  the  liquor  foon 
becomes  muddy,  with  a very  fine  bulky  black 
precipitate,  which  continues  encreafing  till  all 
the  filver  is  diffolved,  and  when  colle&ed  is 
found  to  be  entirely  platina,  comminuted  by  the 
acid,  but  fcarcely  changed  in  any  other  refpett. 
A part  of  the  platina  however  remains  in  per- 
fect folution,  for  on  adding  to  the  liquor,  fepa- 
rated  from  the  black  precipitate,  fome  muriatic 
acid,  white  luna  cornea  falls  down,  after  which 
carbonat  of  potalh  will  throw  down  a green 
coagulum,  which  is  oxyd  of  platina.  ‘ The 
above  effett  of  nitrous  acid  will  therefore  dete6l 
an  alloy  of  filver  and  platina. 

Gold  alloyed  with  platina  may  be  entirely 
purified  (as  we  have  juft  mentioned)  by  the 
procefs  of  parting  with  aqua-fortis,  the  alloy 
being  as  ufual  previoufly  mixed  with  two  or 
three  times  its  weight  of  filver.  Some  peculiar 
circumftances  are  required  in  the  operation. 
The  mixed  metal  being  laminated  very  thin 
and  rolled  into  a fpiral  cornet,  a weak  acid  is 
firfl  added  and  boiled  for  fome  time.  If  the 
platina  is  above  2 per  cent  of  the  gold,  the 
acid  affumes  a ftraw  colour,  k which  deepens  in 
proportion  to  the  platina,  and  at  the  fame  time 
the  cornets  take  a brownifh  green.  A ftronger 
acid  is  then  added  and  boiled  three  times  fuc- 
ceflively,  to  detach  the  laft  portions  of  platina, 
which  are  with  difficulty  feparated,  and  by  a 
magnifying  glafs  may  be  feen  adhering  in  minute 
grains  to  the  furface  of  the  gold  cornet.  Thus 
by  laminating  very  fine,  and  by  ufing  the  acid 
liberally,  and  long  boiling,  all  the  platina  may 
be  feparated  at  one  operation,  when  it  does  not 
exceed  a tenth  of  the  gold,  and  above  that  pro- 
portion the  colour  of  the  gold  is  fo  much 
debafed,  and  the  appearances  on  cupellation  are 
fo  ftriking,  that  the  fraud  can  hardly  efcape  an 
experienced  eye.  Even  if  more  than  a tenth  of 
the  gold  alloy,  the  platina  may  ftill  be  feparated 
very  completely  by  parting,  but  in  that  cafe 
more  filver  muft  be  added,  which  will  reduce 
the  proportion  of  gold  fo  much,  that  after  the 
aftion  of  the  acid  the  cornet  can  hardly  be  an- 
nealed without  breaking  down  and  lofing  its 
form. 

•Tillct.  * Vauquelin,  Tillet.  * Fletcher,  in  Nicholfoi. 


For  further  particulars  concerning  the  weights 
ufed  by  Affayers  in  different  countries  fee 
Appendix  : article  Weights  and  Measures. 

ASTRINGENT  (Vegetable).  Till  the  later 
experiments  on  vegetable  fubftances  had  {hewn 
the  important  diftin&ions  between  the  tanning 
principle,  and  the  acid,  which  from  its  being 
firft  extra&ed  from  galls  has  been  termed  the 
Gallic , that  part  of  vegetables  which  has  the 
power  of  tanning  leather,  and  that  which  ftrikes 
a deep  inky  black  with  the  falts  of  iron,  were 
both  confounded  under  the  general  term  ajlrin- 
gent  principle , taken  from  the  fenfible  quality  of 
aftringency  to  the  tongue.  They  are  now  found 
to  be  totally  diftinft,  and  will  be  deferibed  re- 
fpe£tively  under  the  articlesTANNiNand  Gallic 
Acid. 

ATHANOR.  A fpecies  of  furnace  much 
ufed  by  the  antient  chemifts,  but  now  moftly 
laid  afide.  ( See  in  the  Appendix  Chemical  Appa- 
ratus.) 

ATMOSPHERIC  AIR.  Gas  atmofpheriqufy 
Fr.  Atmofpharifche  luft , Germ. 

Atmofpheric  air  is  an  elaftic  invifible  fluid, 
of  the  fpecific  gravity  of  .001204,  at  the  tem- 
perature of  6o°  Fahr.  the  barometrical  preffure 
being  equal  to  29.5.“  A cubic  inch  of  air  weighs 
0.304  grains,  a cubic  foot  5253.  grains,  and  it 
is  830  times  lighter  than  water.  Being  elaftic,  its 
fpecific  gravity  or  denfity  depends  upon,  and  is 
in  proportion  to,  the  force  by  which  it  is  com- 
preffed,  therefore  the  denfity  of  the  air  above 
the  furface  of  the  earth  decreafes  in  a geometri- 
cal ratio,  as  the  heighth  increafes  in  an  arith- 
metical one.  If  at  the  furface  of  the  ear  th  the 
denfity  of  the  air  correfponds  to  30  inches  of 
barometrical  preffure,  then  at 

feet.  inches. 

1000  the  mercury  is  28.91 

2000 27.86 

3000 26.85 

4000 25.87 

5000  24.93 

1 mile 24.67 

2  20.29 

3  16.68 

4  13.72 

5  11.28 

10 4.24 

15 1.60 

20 0.95  b" 

Air,  like  all  other  bodies,  is-  expanded  by 
heat,  and  the  quantity  of  expanfion  being  very 
confiderable,  it  is  of  importance  to  the  accuracy 
of  chemical  experiments  on  this  fubftance  to 
s Jcurn.  iv.  p.  35.  b Rees’s  Cydoped.  art.  Barometer- 
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have  it  afcertained  with  precifion.  From  the 
nearly  concurring  refults  of  Gen.  Roy’s  experi- 
ments, and  thofe  of  Sir  G.  Shuckburg,  it  ap- 
pears that  the  air  meafures  in  bulk  for 
every  degree  of  Fahrenheit  between  3 2°  and 
Mr.  Dalton  finds0  that  1000  parts  of  air 
at  the  ufual  barometrical  preflure,  and  550  of 
temperature,  dilate  to  1325  when  raifed  to 
212°  Fahr.  he  is  alfo  of  opinion  that  the  ratio 
of  dilatation  is  a gradually  decreafing  one  as  the 
temperature  defeends. 

The  colour  of  the  air  when  free  from  clouds 
is  a b'ue,  of  greater  or  lefs  intenfity.  Near  the 
furface  of  the  earth  it  is  diluted  by  the  white 
rays  of  light  that  are  refie&ed  from  the  aqueous 
vapour  that  is  conllantly  floating  in  the  lower 
regions  of  the  atmofphere,  but  in  proportion  as 
the  obferver  is  elevated  above  thefe  vapours,  the 
colour  of  the  Iky  aflumes  a more  intenfe  blue, 
bauflure  d obferves  that  the  fky  from  the  furnmit 
of  Mont-Blanc  appeared  of  a deep  almoft  black 
pruffian  blue. 

The  chemical  properties  of  atmofpheric  air 
were  but  little  attended  to.  till  about  thirty 
years  ago  •,  but  before  we  give  an  account  of 
the  modern  difcoveries  on  this  fubje<St,  it  will 
be  right  to  take  a fhort  view  of  what  had  been 
preyioufly  done  by  two  eminent  philofophers, 
Boyle  and  Mayow  ; the  latter  of  whom  has 
been  configned  to  unmerited  negle£t  for  more 
than  a century,  although  the  molt  profound 
obferver  of  his  time. 

The  apparatus  which  Boyle  e made  ufe  of  in 
his  experiments  was  the  air-pump,  an  inftru- 
ment  with  all  its  modern  improvements  but 
very  imperfectly  fitted  for  the  chemical  exami- 
nation of  elaftic  fluids,  and  at  that  time  a huge 
cumberfome  machine,  worked  by  the  conftant 
labour  of  two  men,  and  imbibing  air  at  every 
pore.  By  the  help  of  this  inftrument,  Boyle 
afcertained  that  the  prefence  of  air  was  eflential 
to  the  fupport  of  flame  and  animal  life,  a candle 
being  extinguifhed,  and  various  fmall  land  ani- 
mals, and  even  fiflr  in  water,  being  killed  by 
being  placed  in  an  exhaufted  receiver.  He  alfo 
fhewed  that  the  fame  effeCts  take  place,  but 
more  flowly  in  a confined  portion  of  atmofpheric 
air,  and  that  the  death  of  animals  in  this  fitua- 
tion  was  not  owing  to  the  heated  exhalations 
from  their  own  bodies,  fince  the  fame  efl'eCfs 
took  place  when  the  apparatus  was  transferred 
to  a frigorific  mixture.  He  proved  befides  that 
animals  live  longer  in  a given  bulk  of  condenfed 
.than  of  common. air.  He  did  not  believe  how- 


ever that  any  abforption  of  air  took  place  in 
refpiration,  or  that  the  pure  atmofphere  was  a 
compound  fubftance. 

Mayow  publifhed  his  Medico-phyfical  tracts 
a few  years  after  Boyle,  and  a century  before 
the  difeovery  of  oxygen  gas  by  Prieftley  and 
Scheele.  This  able,  though  much  negleCted 
philofopher,  commenced  his  inveftigations  into 
the  nature  of  atmofpheric  air  by  the  invention 
of  a proper  apparatus  ; for  this  purpofe,  reject- 
ing the  ufe  of  the  air-pump,  he  made  choice  of 
glafs  jars  inverted  in  water,  as  the  beft  method 
of  confining  the  gafies  that  were  fubmitted  to 
examination.  Setting  out  from  the  faCts  dif- 
covered  by  Boyle,  he  argues  that  fince  a candle 
is  extinguifhed  much  fooner  in  an  exhaufted 
receiver  than  in  the  fame  when  filled  with  air, 
there  mult  be  fomething  in  the  atmofphere 
necefiary  to  the  continuance  of  flame.  This  is 
further  proved,  fays  he,  from  the  impoflibility 
of  kindling  a combuftible  body  in  vacuo , by  the 
concentrated  rays  of  the  fun,  or  by  any  other 
means.  Having  eftablifhed  this  firft  pofition, 
he  proceeds  to  infer  that  it  is  not  the  whole  of 
the  air  which  is  capable  of  fupporting  flame, 
becaufe  a candle  goes  out  in  confined  air,  while 
the  greateft  part  of  the  air  is  as  yet  uncon- 
fumed.  Alfo  fince  fulphur  when  mixed  with 
nitre  becomes  capable  of  inflammation  in  vacuo , 
it  follows  that  nitre  and  air  contain  fome  fub- 
ftance in  common  to  which  this  property  is  to 
be  attributed.  This  fubftance  he  denominates 
igneo-aerial particles  (particular  igneo-aereae).  He 
next  determined  the  analogy  between  flame  and 
animal  life,  and  {hewed  that  each  depended  for 
its  continuance  on  a fupply  of  igneo-aerial  par- 
ticles. That  there  was  a real  confumption  of 
air  in  combuftion  and  refpiration,  he  proved  by 
the  rife  of  water  in  the  jars  in  which  a live  ani- 
mal or  a lighted  candle  was  confined ; and  that 
the  diminution  was  owing  to  the  abftra£lion  of 
the  igneo-aerial  part,  appeared  from  the  inability 
of  the  refidue  to  fupport  animal  life.  With 
regard  to  the  relative  proportions  of  the  atmof- 
phere, he  only  obferved  that  air  rendered  unfit 
for  combuftion  by  the  breathing  of  an  animal, 
loft  about  one-fourteenth  of  its  bulk  *,  at  the 
fame  time  remarking  that  there  was  probably 
only  a part  of  the  igneo-aerial  portion  of  the  air 
confumed.  But  Mayow  never  obtained  the 
igneo-aerial  particles  in  a feparate  ftate,  and 
therefore  was  unable  to  confirm  his  analyfis  of 
atmolpherical  air  by  the  fynthetical  proof.  f 
The  next  advance  in  the  decompofition  of 


* Manchefter  Mem.  vol.  v.  p.  509-  11  Voyages  dans  les  Alpes,  vol.  iv.  § 2009.  '*  Boyles  Works,  v.  ii, 

‘ Mayow,  Tra&atus  <juin<juc  niedico-phyfici. 
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atmofpherical  air  was  made  by  Dr.  Prieftley.  s 
This  philofopher  having  inclofed  fome  mercurial 
precipitate  per  fe,  in  a jar  filled  with  mercury, 
and  inverted  over  the  fame,  procured  from  it 
by  means  of  heat,  a quantity  of  gas,  in  which 
a candle  burnt  with  a dazzling  and  enlarged 
flame  : the  coincidence  of  this  with  the  eft'etft 
produced  by  dephlogifticated  nitrous  gas  in  the 
fame  circumftances,  as  had  been  before  ob- 
ferved  by  him,  induced  him  to  believe  that 
there  was  fome  common  principle  in  nitrous 
acid  and  atmofpherical  air,  and  this  fufpicion 
was  ftill  further  confirmed  by  the  difeovery  that 
■common  red  precipitate , which  is  prepared  by 
means  of  nitrous  acid,  yielded  dephlogifticated 
air  in  the  fame  manner  as  the  precipitate  per  fe. 
Hence  he  concluded  that  the  atmofphere  con- 
futed of  this  pure,  or  vital,  or  dephlogifticated 
air,  mixed  with  a variable  portion  of  phlogifton. 

While  Dr.  Prieftley  was  making  thel’e  ex- 
periments, the  acute  and  accurate  Scheele h 
was  purfuing  the  fame  courfe  of  inveftigation, 
though  in  a different  manner.  He  obferved 
that  phofphorus,  and  the  watery  folutions  of 
the  earthy  and  alkaline  fulphurets,  when  con- 
fined with  a given  quantity  of  air,  had  the  pro- 
perty of  abforbing  about  a third  or  a fourth  of 
its  bulk,  and  left  the  remainder  unable  any 
longer  to  fupport  flame  or  animal  life,  which 
in  confequence  was  called  by  him  foul  air.  By 
expofing  nitre,  the  black  oxyd  of  manganefe, 
and  fome  other  fubftances  to  a red  heat,  he 
obtained  from  them  a quantity  of  the  fame  kind 
of  air  as  Dr.  Prieftley’s  dephlogifticated,  but 
which  was  called  by  him  pure  air\  and  this 
when  mixed  in  the  proportion  of  one  part  to 
two  of  foul  air,  formed  an  elaftic  fluid,  which 
could  not  be  diftinguilhed  from  atmofpheric 
air.  Scheele  therefore  concluded  that  the  at- 
mofphere is  compofed  of  two  different  fub- 
ftances, pure  air  and  foul  air,  or  according  to 
the  modern  nomenclature,  of  oxygen  and  azot, 
in  the  proportion  of  one  of  the  former  to  two 
of  the  latter. 

The  experiments  of  Scheele  were  foon  con- 
firmed by  the  conclufions  of  Lavoifier,  • from 
fomewhat  different  premifes.  He  confined  a 
few  ounces  of  mercury,  and  about  50  cubical 
inches  of  atmofpherical  air,  in  a proper  glafs 
apparatus,  and  expofed  the  mercury  for  twelve 
days,  to  a heat  nearly  equal  to  that  of  ebullition  ; 
during  this  period  45  grains  of  red  oxyd  of  mer- 
cury were  produced,  between  feven  and  eight 
inches  of  the  air  difappeared,  and  the  remainder 


was  incapable  of  fupporting  flame  and  animal 
life.  The  45  grains  of  red  oxyd  being  then 
heated  in  a very  minute  retort,  were  wholly 
decompofed  into  41  grains  of  running  mercury, 
and  feven  or  eight  cubic  inches  of  pure  oxygen 
gas  ; finally  this  gas  being  mixed  with  the  refi- 
dual  air  in  the  firft  part  of  the  experiment,  pro- 
duced a compound,  poffefling  nearly  the  fame 
power  of  fupporting  combuftion  and  refpiration 
as  atmofpheric  air.  Hence  it  appears  that 
atmofpheric  air  confifts  of  16  per  cent,  of  oxy- 
gen and  84  of  azot. 

Various  inftruments  called  Eudiometers 
(which  fee)  have  lince  been  invented  for  afeer- 
taining  in  a commodious  and  accurate  way  the 
quantities  of  oxygen  and  azot  in  common  air, 
feveral  unexpefted  fources  of  error  have  been 
difeovered  and  obviated,  and  by  the  lateft  and 
moft  unexceptionable  experiments,  the  relative 
proportions  of  oxygen  and  azot  appear  to  be  22 
of  the  former  and  7 8 of  the  latter,  k in  bulk,  or 
26  oxygen  and  74  azot,  if  eftimated  by  weight. 
Concurring  experiments  alfo  have  been  made 
with  the  greateft  care  in  Egypt  and  every  part 
of  Europe,  from  which  the  general  conclulion 
is,  that  neither  climate  nor  temperature,  nor 
diftance  above  the  furface  of  the  earth,  produce 
the  fmalieft  variation  in  the  relative  quantities 
of  thefe  gafles,  which  compofe  fo  large  a pro- 
portion of  the  whole  atmofphere. 

The  only  remaining  fubftance,  except  water, 
which  has  hitherto  been  detedfed  in  common 
air,  is  carbonic  acid : it  is  found  not  only  in 
that  ftratum  which  immediately  refts  upon  the 
furface  of  the  earth,  where  from  its  fuperior 
fpecific  gravity  it  might  be  expe&ed  to  continue, 
but  was  found  by  Sauffure  to  enter  into  the 
compofition  of  the  air  at  the  fummit  of  Mont- 
Blanc,  about  5000  yards  above  the  level  of  the 
fea. 1 The  proportion  of  this  gas  to  the  other 
two  already  mentioned,  has  not  been  deter- 
mined with  the  defired  accuracy ; according  to 
Humboldt  it  varies  from  5 to  1 per  cent,  but 
the  general  average,  from  the  experiments  of 
other  chemifts,  does  not  exceed  2 per  cent,  and  it 
is  probable  that  this  ratio  is  neareft  to  the  truth. 

ATMOSPHERICAL  Mephitis.  A term 
given  by  fome  to  the  air  now  called  Azot. 

ATTRACTION  [Chemical.)  See  Affinity. 

AUGITE.  Augit,  Werner.  Pyroxene>  Hauy.1 

The  colour  of  this  mineral  is  generally  a dark 
green,  palling  fometimes  into  leek-green  and 
liver  brown.  It  occurs  diffeminated  in  fmall 
irregular  grains  or  cryftallized.  The  primitive 


* Experiments  on  Air.  k Scheele,  on  Air  and  Fire.  ’ Lavoifier’s  Elements  of  Chemiftry,  p.  80. 
k Thompfon's  Chim,  ad  edit.  vol.  iii,  1 Voyages  fur  les  Alpes.  * Emmerling,  Jamefon,  Hauy.  Biochant. 
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form  of  the  mineral  is  an  oblique  rhomboidal 
prifm,  of  920  and  88°  divifible  parallel  to  the 
tides  of  the  prifm,  and  alfo  in  the  direftion  of 
the  long  diagonal  of  the  bafe  into  two  oblique 
triangular  prifms.  _ 

The  chief  varieties  of  cryftallization  to  which 
it  is  fubject  are  the  following. 

x.  A Ihort  reCtangular  fix-fided  prifm  (peri- 
hexaedre  of  Hauy.) 

2.  The  fame  terminated  by  dihedral  fummits 
(bifunitaire  of  Hauy.) 

3.  An  oftahedral  prifm,  formed  by  bevilling 
the  acute  edges  of  the  fix-iided  prifm  (peri- 
oCtaedre  of  Hauy.) 

4.  The  preceding  terminated  by  dihedral  fum- 
mits (triunitaire  of  Hauy.) 

5.  The  preceding  with  the  fummit  bevilled 
(fexodfonal  of  Hauy.) 

6.  The  fame  as  var.  4.  having  the  acute  folid 
angle  of  the  fummit  replaced  by  a triangular 
horizontal  facet  (fouftraftive  of  Hauy.) 

7.  Two  or  more  cryftals  croffing  each  other 
(hemitrope  of  Hauy.) 

The  cryftals  are  in  general  very  fmall,  the 
largeft,  about  an  inch  and  a half  in  length,  have 
been  found  at  Arendahl,  in  Norway. 

The  frafture  of  augite  is  uneven,  palling  into 
conchoidal,  or  foliated : its  luftre  is  refinous 
and  fhining,  approaching  in  fome  fpecimens  to 
brilliant.  It  is  tranllucid,  the  conchoidal  vari- 
eties however  are  often  femitranfpavent.  It  is 
fufficiently  hard  to  fcratch  glafs.  Sp.  gr.  3.22 
to  3.47.  It  gives  a green  ftreak. 

In  fmall  pieces  it  is  difficultly  fufible  before 
the  blowpipe  into  a black  enamel.  The  con- 
stituent parts  of  the  augite  from  Etna,  according 
to  the  analyfis  of  Vauquelin,  are 
52.  filex, 

13.2  lime, 

3.33  alumine, 

10.  magnefia, 

14.66  oxyd  of  iron, 

2. of  manganefe. 


95.19 
4.81  lofs 


100. 


Augite  is  diftinguiffied  from  Olivine  by  its 
darker  colour,  greater  hardnefs  and  cryftalline 
-form;  from  hornblende  in  being  diagonally  divifi- 
ble into  triangular  prifms,  and  in  being  much 
lefs  fufible;  from  tourmaline  in  not  being  eleCtric 
by  heat  and  being  more  difficultly  fufible. 


It  is  found  in  bafalt,  often  accompanied  by 
olivine,  in  Bohemia,  Tranfilvania,  Flefle,  Saxony, 
Auvergne,  Scotland  and  Norway.  It  is  all'o 
found  imbedded  in  the  lavas  of  Etna  and  Vefu- 
vius,  and  when  in  this  fituation  is  not  unfre- 
quently  of  a grey  or  white  colour,  a fomewhat 
harlh  feel,  little  or  no  luftre,  foft  and  brittle, 
by  having  been  expofed  to  the  aCtion  of  the 
fire:  in  fome  fpecimens  thefe  changes  are  only 
fuperficial,  the  nucleus  exhibiting  the  genuine 
Charadfters  of  augite,  as  above  defcribed. 

AURUM.  FULMINANS.  A precipitate  of 
Gold  from  its  nitro-muriatic  folution  by  am- 
monia, which  pofiefles  a moll  remarkable  ex- 
plofive  property. 

AURUM  Graphicum,  Problematical 
See  Tellurium. 

AURUM  MUSIVUM.  A golden-coloured 

fulphuret  of  Tin. 

AVENTURINE.  See  Ouartz. 

AVIGNON-BERRY.  The  berries  of  the 
Rhamnus  InfeEtorius  (Nerprun  des  Teinturiers,) 
are  ufed  confiderably  in  the  middle  and  fouth 
of  France,  to  give  a yellow  dye.  They  are 
gathered  unripe,  bruifed,  ftecped  and  then  boiled 
in  water,  mixed  with  the  allies  of  vine  ftalks  to 
give  a body,  and  then  palled  through  fine  linen. 
The  colour  thus  prepared  is  called  fid  de  grain. 
It  is  a fine  yellow  chiefly  ufed  in  filk-dying,  but 
is  very  fugitive  efpecially  in  the  fun.  The  plant 
grows  abundantly  about  Avignon,  and  in  the 
fouth  of  France.  a 

AXINITE.  See  Thumerstein. 

AZOT  or  Nitrogen.  Stickgas,  Germ. 

This  gas  (the  phlogi/iicated  air  of  Prieftley) 
forms  the  unrefpirable  part  of  atmofpheric  air, 
and  exifts  in  it  in  the  proportion  of  about  78 
per  cent,  eftimated  by  bulk,  or  74  per  cent,  by 
weight. 

The  properties,  by  which  this  air  was  firft  dif- 
tinguilhed,  were  principally  negative,  and  in 
direct  oppofition  to  thofe  of  oxygen,  the  other 
conftituent  of  the  atmofphere ; the  latter  fup- 
porting  combuftion  in  an  eminent  degree,  main- 
taining animal  refpiration,  oxydating  metals, 
&c.  whilft  the  former  was  found  to  be  imme- 
diately fatal  to  animals  immerfed  in  it  (whence 
its  name  azot ),  to  extinguilh  flame  inftantly, 
and  to  produce  no  change  on  combuftible  bodies 
immerfed  in  it. 

Azot  is  readily  procured  from  atmofpherical 
air  by  all  the  following  procefles,  which  abforb 
its  oxygenous  portion,  and  which  are  more  fully 
detailed  under  the  article  Eudiometry.  If 
iron  filings  and  fulphur,  in  equal  parts,  are 
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•worked  up  into  a pafte  with  water,  and  intro- 
duced under  a jar  of  common  air  confined  over 
water,  a gradual  abforption  of  the  oxygen  takes 
place,  which  is  complete  in  about  two  days, 
and  the  refidue  is  azotic  gas  in  great  purity. 
After  the  diminution  of  air  has  ceafed,  the  iron 
filings  and  lulphur  ffiould  be  removed,  otherwife 
fome  fulphuretted  hydrogen  will  be  evolved,  and 
the  azotic  gas  ffiould  in  all  cafes  be  agitated 
with  lime  water  or  cauftic  alkali,  to  abforb  any 
carbonic  acid  with  which  it  may  be  mixed,  after 
which  the  azot  is  pure. 

Azot  may  be  inftantly  obtained  from  common 
air  by  adding  juft  fo  much  pure  nitrous  gas  as 
will  deftroy  the  oxygen  and  no  more,  or  better, 
by  agitating  common  air  with  a folution  of  ful- 
phat  of  iron  faturated  with  nitrous  gas.  The 
refidue  is  then  very  pure  azot.  Or  it  may  be 
obtained  by  another  eudiometric  procefs,  namely, 
by  abftra&ing  the  oxygen  from  common  air  by 
means  of  phofphorus.  In  this  cafe  however 
the  remaining  azot  diflolves  a fmall  portion  of 
the  phofphorus,  fufficient  to  render  it  luminous 
on  mixing  with  it  the  fmalleft  portion  of  oxygen. 

Azot  is  a conftituent  part  of  ahnoft  all  animal 
fubftances,  and  is  the  caufe  of  the  production 
of  ammonia , when  they  are  heated  to  diforgani- 
zation  or  during  putrefaction.  It  forms  at  the 
fame  time  a conftituent  part  of  this  alkali. 

The  production  of  azot  in  the  form  of  gas 
from  animal  matter  is  fhewn  in  the  following 
way.  Put  fome  of  the  lean  of  any  meat  (beef 
for  example)  into  a glafs  veffel  with  a bent  tube, 
pour  thereon  fome  very  dilute  nitric  acid,  and 
apply  a heat  of  about  ioo°.  Bubbles  of  gas 
will  flowly  arife,  which  when  collected  and  ex- 
amined are  found  to  be  pure  azot.  The  azot 
in  this  cafe  does  not  proceed  from  the  nitric 
acid,  as  this  appears  to  be  able  to  faturate  as 
much  alkali  after  the  procefs  as  before,  and  hence 
it  feems  only  to  effect  a decompofition  of  the 
meat,  though  in  a way  that  is  not  very  apparent. 

Azot  is  however  a conftituent  of  the  Nitric 
acid,  as  was  firft  {hewn  by  the  beautiful  and 
decifive  experiments  of  Mr.  Cavendifh,  who  by 
means  of  the  eleShic  fparlc  combined  azotic  and 
oxygenous  gaffes,  and  the  refult  of  this  union 
was  found  to  be  the  nitric  acid.  By  this  moft 
important  difcovery  it  is  explained  how  the 
putrefaction  of  animal  matters  in  certain  ftages 
is  fo  favourable  for  the  production  of  nitre, 
with  many  other  phenomena  to  be  deferibed  in 
their  place.  From  this  combination  of  azot, 
the  term  nitrogen  (or  the  bafe  of  nitric  acid)  has 
been  adopted  by  fome  chemifts,  and  is  certainly 
preferable  to  the  other,  which  only  implies  the 


general  property  of  deftroying  life,  a property 
poffeffed  in  a greater  or  lefs  degree  by  every 
gafeous  body  in  nature,  oxygen  and  fome  of  its 
combinations  excepted.  Azot  in  its  different 
ftages  of  oxydation  becomes  nitrous  oxyd,  nitrous 
gas , and  nitric  acicl,  all  very  interefting  fub- 
ftances in  their  chemical  properties. 

Azot  has  hitherto  never  been  decompofed 
(all  the  fuppofed  experiments  to  this  purpofe 
having  been  found  fallacious),  and  hence  it  muft 
be  confidered  as  a fimple  body.  When  pure  it 
is  lighter  than  common  air  nearly  in  the  pro- 
portion of  98  to  ico,  fo  that  if  a cubic  inch  of 
the  former  at  60  therm,  and  29. 50  bar.  weighs 
.304  of  a grain,  a cubic  inch  of  azot,  under  the 
fame  circumftances,  will  weigh.  2994  of  a grain, 
and  its  fpecific  gravity  is  about  .001199. 

Water  abforbs  not  quite  TV  of  its  bulk  of 
this  gas  aflifted  by  agitation,  Mr.  W.  Henry 
having  found  that  at  6o°  100  meafures  of  water 
could  take  up  no  more  than  1.47  meafures. h 
All  common  experiments  therefore  may  be  made 
with  this  gas  over  water,  without  rifk  of  much 
inaccuracy.  This  folutiom  of  azot  in  water 
{hews  neither  acid  nor  alkaline  properties,  nor 
does  azot  by  itfelf,  or  in  fimple  combination 
with  water  or  any  other  fluid,  give  any  fmell, 
tafte,  or  fenfible  quality. 

In  chemical  analyfis  azot  is  detedled  chiefly 
by  its  negative  properties.  A gas  may  be  con- 
cluded to  be  azot  which  inftantly  extinguiffies  a 
taper  immerfed  in  it,  and  at  the  fame  time  is 
not  fenfibly  abforbed  by  water  or  liquid  alkali, 
nor  renders  lime-water  turbid  *,  which  does  not 
blacken  the  folutions  of  lead  or  filverj  which 
mixes  with  oxygen  in  any  proportion  without 
diminution  or  the  production  of  red  fumes ; 
and  when  fo  mixed,  does  not  explode  by  the 
contaft  of  a lighted  body,  but  allows  the  burning 
fubftance  to  confume  quietly  in  it,  .and  as  long 
as  in  common  air,  when  the  proportions  of  it 
to  oxygen  in  the  mixture  have  been  taken  at 
about  78  to  22. 

The  affinities  of  azot  are  unknown. 

AZOT  Gafeous  Oxyd  of.  See  Nitrous  Oxyd. 

AZURE.  Azure  or  azure  blue  is  a term  ap- 
plied to  two  very  different  fubftances.  Formerly 
it  was  ufed  for  the  fine  blue  colour  prepared 
from  ultramarine  or  lapis  lazuli , but  now  more 
commonly  it  is  applied  to  the  deep  blue  glafs  of 
cobalt,  called  alfo  fmalt , and  in  Saxony  zajfre. 
In  maffes  the  blue  glafs  is  named  fmalt,  but 
when  ground  to  fine  powder,  it  is  called  by  the 
French  bleu  d'azur.  It  is  ufed  as  a colour, 
and  in  enamel  painting,  and  alfo  mixed  with 
ftarch  for  domeftic  purpofes.  See  Cobalt. 
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BALLOON.  A globular  glafs  veffel  with  a 
narrow  neck,  a common  article  of  chemical  appa- 
ratus. ( See  the  Appendix. ) 

BALNEUM.  See  Bath. 

BALSAM  ( Vegetable ).  The  term  balfam 
was  antiently  applied  to  any  ftrong  fcented  natu- 
ral vegetable  refin  of  about  the  fluidity  of  treacle, 
inflammable,  not  mifcible  with  water  without 
addition,  and  fuppofed  to  be  poffefled  of  many 
medicinal  virtues.  All  the  turpentines,  the 
Peruvian  balfam,  Copaiba  balfam,  &c.  are  ex- 
amples of  the  natural  balfams.  Befides,  many 
medicines  compounded  of  various  refins  or  oils, 
and  brought  to  this  confidence,  obtained  the 
name  of  balfam. 

Latterly  however  the  term  has  been  reftri&ed 
to  thofe  refins  which  contain  the  benzoic  acid. 
Of  thefe  only  three  are  commonly  known,  the 
Gum  Benzoin , Styrax  and  Balfam  of  Tolu  (which 
fee). 

- BARBADOES  TAR.  See  Bitumen. 

BARILLA.  The  impure  Carbonat  of  Soda 
in  the  date  in  which  it  is  imported  from  dif- 
ferent parts  of  Europe.  . 

BARKS  of  Trees.  See  "Wood. 

BAROLITE.  See  Witherite. 
BAROSELENITE.  See  Heavy  Spar. 

BARYTES.  Baryte,  Fr.  Schwererde,  Germ. 

This  earth  is  never  found  pure  in  nature,  but 
always  in  combination  either  with  the  fulphuric 
acid,  forming  the  native  Sulphat  of  Barytes 
or  Heavy  Spar  ; or  combined  with  the  carbonic 
acid  into  Carbonat  of  Barytes  or  Witherite. 

Pure  barytes  is  always  prepared  either  direflly 
from  the  native  carbonat,  or  from  the  artificial 
carbonat  produced  by  a previous  decompofition 
of  the  fulphat  of  barytes.  The  latter  is  the 
mod  frequent,  as  the  fulphat  is  very  generally 
diftufed  over  the  globe,  whereas  the  native  car- 
bonat has  been  only  found  hitherto  in  England 
and  in  Siberia. 

Sulphat  of  barytes  is  decompofed  by  feveral 
precedes,  all  of  which  deferve  notice. 

§ i.  Mix  fulphat  of  barytes  in  fine  powder, 
with  not  lefs  than  twice  (and  better  three  times) 
its  weight  of  dry  carbonat  of  potafli,  and  heat 
the  mixture  moderately  red  for  at  lead  half  an 
hour,  in  an  earthen  or  filver  crucible.  Pour 
out  the  melted  mafs,  and  when  cold,  powder 
it,  and  boil  with  water  repeatedly,  till  the  water 
no  longer  tades  faline.  The  foluble  part  of 
this  mafs  is  fulphat  of  potafli,  ariling  from  the 
• Klaproth’s  Effays,  vol.  i. 


decompofed  fulphat  of  barytes,  with  fome  un- 
decompofed  carbonat  of  potafli.  A white  in- 
foluble  refidue  chiefly  carbonat  of  barytes  remains, 
from  which  the  pure  barytes  is  prepared  in  the 
way  to  be  prefently  mentioned. 

§ 2.  Mix  finely  powdered  fulphat  of  barytes 
with  at  lead  twice  its  weight  of  carbonat  of 
potafh, a and  five  or  fix  of  water,  and  boil  in  a 
metal,  earthen,  or  glafs  veffel  for  about  an  hour, 
adding  water  occafionally  to  fupply  the  lofs  by 
evaporation.  Pour  off  the  liquor,  which  is 
chiefly  fulphat  of  potafli,  and  wafli  the  refidue 
as  before.  It  eonfiffs  of  carbonat  of  barytes, 
mixed  with  undecompofed  fulphat,  in  greater 
quantity  than  by  § i.  A repetition  of  the  pro- 
cefs  (the  carbonat  of  barytes  being  fird  fepa- 
rated  from  the  refidue  by  muriatic  or  nitric 
acid)  will  further  decompofe  the  remaining 
barytic  fulphat,  but  with  much  more  difficulty 
than  by  fufion. 

§ 3.  Mix  fulphat  of  barytes  with  about  a 
fixth  of  its  weight  of  powdered  charcoal,  and 
calcine  with  a moderate  red  heat  for  half  an 
hour  in  an  earthen  (not  filver)  crucible.  By 
this  the  fulphat  is  chiefly  converted  to  a ful- 
phuret  of  barytes,  eafily  foluble  in  water.  Dif- 
lolve,  and  add  to  the  clear  watery  folution, 
which  is  fulphuret  of  barytes,  liquid  carbonated 
foda,  as  long  as  any  white  precipitate  falls  down. 
This  precipitate  is  carbonat  of  barytes,  the 
liquor  is  now  fulphuret  of  foda,  which  is  ufeful 
for  many  purpofcs  of  the  laboratory.  If  the 
folution  of  fulphuret  of  barytes  is  concentrated 
when  hot,  it  crydallizes  on  cooling,  and  there- 
fore the  folution  fliould  be  fo  dilute  as  not  to 
crydallize. 

Another  method  is  to  add  to  the  liquid  ful- 
phuret prepared  as  above  mentioned,  fome  con- 
centrated muriatic  acid.  This  unites  with  the 
barytes  and  remains  in  folution,  whilft  part  of 
the  fulphur  falls  to  the  bottom,  and  part  flies 
off  in  a moft  copious  emiffion  of  fulphuretted 
hydrogen,  which  follows  the  addition  of  the 
acid.  The  muriated  barytes  may  then  be  decom- 
pofed  by  a carbonated  alkali,  which  will  leave  a 
pure  carbonated  barytes. 

§ 4.  La  Grange^  has  defci  ibed  another  method 
of  obtaining  muriated  barytes,  from  which  the 
carbonat  may  be  procured  as  above.  This  is 
by  muriated  lime  and  fulphat  of  barytes,  which 
decompofe  each  other  mutually.  For  this,  take 
the  refidue  from  the  diftillation  of  muriated 
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ammonia  (which  is  muriated  lime  with  excefs 
of  earth),  lixiviate  it  and  evaporate  the  clear 
liquid  to  drynefs.  . It  is  then  faturated  muriat 
of  lime  (and  of  courfe  any  other  foluble  muri- 
ated lime  will  anfwer  as  well)  which  reduce  to 
powder,  and  mix  with  its  own  weight  of  ful- 
phat  of  barytes.  Projedl  the  mixture  by  fpoon- 
fuls  into  a red-hot  crucible,  and  let  the  whole 
remain  in  quiet  fufion  for  a few  minutes.  Then 
pour  it  out  while  hot,  and  it  will  be  a grey  or 
often  flate-coloured,  hard,  fonorous  mafs,  very 
deliquefcent.  Dilfolve  it  in  about  fix  times  its 
weight  of  boiling  water,  and  filter.  Evaporate 
the  clear  folution  till  a pellicle  appears  on  the 
furface,  then  fet  it  by  to  cryflallize.  By  cooling, 
very  fine  large  cryflals  of  muriated  barytes  will 
be  formed,  which  will  be  very  diftinguifhable 
by  their  fize  and  whitenefs.  Take  them  out, 
evaporate  further  to  obtain  a fecond  crop  of 
cryflals  of  the  fame,  then  rediflolve  the  whole, 
and  cryflallize  a fecond  time  by  evaporation  and 
cooling.  A third  cryflallization  is  perhaps  re- 
quired to  feparate  all  the  fulphat  and  undecom- 
pofed  remainder  of  muriated  lime. 

This  procefs  appears  very  good,  but  is  more 
particularly  calculated  for  thofe  cafes  where 
only  the  muriated  barytes  is  wanted,  and  not 
the  carbonat  by  its  means. 

The  carbonat  of  barytes  thus  artificially  ob- 
tained, as  well  the  native  carbonat,  is  converted 
to  pure  barytes  in  two  ways,  firft,  by  calci- 
nation, fecondly,  by  being  diflolved  in  the  nitric 
acid,  and  the  nitrat  afterwards  heated  flrongly, 
till  all  the  acid  is  driven  off.  In  either  cafe  the 
barytes  will  be  pure. 

i.  A great  difference  is  obferved  between  the 
natural  and  artificial  carbonats  in  the  power  of 
retaining  their  carbonic  acid  when  flrongly 
heated.  The  artificial  yields  its  carbonic  acid 
and  calcines  nearly  with  the  fame  eafe  as  lime- 
done,  but  the  natural  can  fcarcely  by  any  mo- 
derate heat  be  made  to  give  out  its  carbonic 
acid.  Another  inconvenience  too  arifes  in  the 
calcination,  namely,  that  barytes  a<£ls  fo  power- 
fully as  a flux  upon  clay  and  all  other  earths, 
that  when  flrongly  heated,  in  proportion  as  it 
lofes  its  carbonic  acid,  it  diffolves  the  clay  cru- 
cible, and  the  whole  runs  together  without 
much  difficulty  into  a hard  greenifh  glafs.  c 
The  native  carbonat,  heated  mofl  intenfely  in  a 
platina  crucible  for  maqy  hours,  at  136°  of. 
Wedgewood,  was  found  by  Klaproth  to  have 
loft  only  half  its  carbonic  acid,  and  to  adhere 
fo  flrongly  to  the  crucible  as  fcarcely  to  be 
detached  by  boiling  water,  in  which  pure  barytes 
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is  readily  foluble.  In  a charcoal  crucible  the 
native  carbonat  heated  mofl  intenfely  was  found 
by  the  fame  eminent  chemifl  to  be  never  entirely 
calcined,  but  always  to  have  penetrated  the 
fubflance  of  the  charcoal  and  colle£ted  at  the 
bottom  in  a femifufed  mafs. 

It  is  therefore  only  the  artificial  carbonat 
which  can  be  calcined  without  addition  ; but 
Pelletier d has  difcovered  an  eal'y  method  by 
which  both  the  natural  and  artificial  may  be 
totally  and  fpeedily  deprived  of  carbonic  acid. 
Mix  the  carbonat  of  barytes  with  a tenth  of  its 
weight  of  charcoal  powder,  make  it  up  into  a 
lump  with  pafle  or  (larch,  or  any  mucilage, 
drop  it  into  a crucible  lined  with  charcoal,  cover 
it  with  charcoal  powder,  and  lute  a cover  to 
the  crucible.  Heat  the  whole  very  flrongly  for 
an  hour  (probably  half  the  time  would  fuffice), 
and  when  cold  the  lump  will  be  found  to  have 
retained  its  form,  and  to  be  white,  friable,  not 
vitrified,  and  entirely  foluble  in  warm  water, 
excepting  a fmall  remaining  portion  of  charcoal. 
It  is  now  pure  barytes.  By  this  ingenious 
method  (which  will  apply  with  advantage  to  all 
the  earthy  carbonats)  the  barytes  is  prevented 
from  a£ling  on  the  crucible,  and  the  carbonic 
acid  efcapes  chiefly  in  the  form  of  gafeous  oxyd 

Carbon. 

2.  The  other  method  of  preparing  pure  barytes 
is  by  calcination  of  the  nitrat  of  barytes.  The 
native  carbonat  is  fcarcely  a£led  on  by  concen- 
trated nitric  acid,  but  when  confiderably  diluted 
the  folution  goes  on  rapidly  with  extrication  of 
carbonic  acid  gas,  and  a clear  faturated  nitrat  is 
obtained.  The  artificial  carbonat  is  dire£lly 
diflolved  in  this  acid  with  copious  effervefcence, 
but  if  abfolute  purity  is  required  fome  pre- 
cautions are  neceflary,  as  native  fulphat  of 
barytes  generally  contains  a fmall  admixture  of 
(Irontian,  of  oxyd  of  iron,  and  of  filex.  Thefe 
all  remain  in  the  refidue  of  § 1 . which  therefore 
confids  chiefly  of  carbonat  of  barytes  with  the 
above  impurities  in  fmall  quantity,  together 
with  any  fulphat  of  barytes  that  may  remain 
undecompofed.  To  this  refidue  firil-add  acetous 
acid, e which  diflolves  out  only  the  carbonats  of 
barytes  and  (Irontian,  and  the  iron.  Evaporate 
this  folution  till  it  is  quite  of  a fyrupy  confid- 
ence, then  add  concentrated  nitric  acid.  A 
copious  depofition  of  fmall  crydals  of  pure 
nitrated  barytes,  now  appears,  leaving  the  dron- 
tian  and  iron  in  folution,  the  reafon  of  which 
is,  that  the  barytic  nitrat  is  much  lefs  foluble 
than  the  nitrats  of  drontian  or  iron,  and  there- 
fore cannot  be  held  in  folution  in  fo  fin  all  a 
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Bulk  of  liquid.  Collect  thefe  cryftals  of  nitrated 
barytes,  and  wafli  them  with  a little  cold  water, 
and  they  are  now  pure. 

The  nitrated  barytes,  either  cryftallized  or 
merely  evaporated  to  drynefs  (according  as 
more  or  lefs  nicety  is  required  in  the  prepa- 
ration) is  then  to  be  heated  in  a porcelain  retort, 
or  earthen  crucible  {lightly  covered,  to  prevent 
any  of  the  fuel  from  falling  in.  It  prefently 
melts,  fwells  up  and  gives  out  much  azotic  and 
oxygen  gas,  with  a little  nitrous  vapour.  The 
heat  is  to  be  continued  at  a moderate  rednefs, 
till  no  more  vapour  or  gas  of  any  kind  arifes, 
when  the  refidue  will  be  found  to  be  pure 
barytes,  in  the  form  of  a grey  fomewhat  porous 
mafs,  and  if  the  heat  has  been  too  ftrong,  partly 
fufed  with  and  adhering  to  the  Tides  of  the  cru- 
cible. A confiderable  time  is  required  to  deltroy 
all  the  nitric  acid,  when  no  more  heat  is  ufed 
than  the  crucible  will  allow  of,  but  a platina 
crucible  is  preferable,  as  the  heat  may  be  given 
freely  without  danger  of  vitrifying  the  barytes, 
which  would  render  it  infoluble  in  water. 

Barytes  prepared  in  either  of  the  above 
methods  has 1 the  following  properties  : its  tafte 
is  like  that  of  lime,  but  much  more  acrid  and 
cauftic  ; and  it  changes  the  vegetable  colours 
as  the  alkalies  do.  When  a little  water  is  added 
it  abforbs  it  with  great  avidity,  giving  out  much 
heat,  and  becomes  a ftiff  pafte,  which  foon 
folidifies  and  adheres  ftrongly  to  glafs.f  A fur- 
ther quantity  of  v/ater  changes  it  to  a bulky 
white  powder,  which  readily  diffolves,  efpecially 
when  heated,  and  on  cooling  it  has  the  remark- 
able property  of  cryftalling  in  clufters  of  trans- 
parent needles.  No  other  earth  but  barytes  and 
ftrontian  can  be  thus  artificially  cryftallized. 

Barytes  is  extremely  Soluble  in  water : when 
boiling,  water  diffolves  more  than  half  its  weight, 
the  greater  part  of  which  cryftallizes  on  cooling, 
for  cold  water  diffolves  only  a twenty-fifth  of 
its  weight.  Slowly  cooled,  the  cryftals  are  fine 
tranfparent  prifms. 

Barytes  when  heated  on  charcoal,  by  the 
blowpipe  becomes  hard  and  femivitrified  in  tex- 
ture, and  is  fcarcely  again  foiuble  in  water.  It 
feems  to  return  by  this  procefs  partly  to  the 
Hate  of  carbonat,  gaining  carbonic  acid  from 
the  flame  of  the  lamp.  When  the  blowpipe  is 
urged  with  oxygen  gas,  barytes  readily  melts 
into  a white  enamel-like  globule. 

Barytic  water  (or  a iolution  of  barytes  in 
water)  refembles  limewater  in  abforbing  carbonic 
Mcid  from  the  atmofphere,  or  from  any  gas 
with  which  it  may  be  in  contact ; only  this 

1 Vauqudin,  An.  Ch.  ax. 


takes  place  with  much  greater  rapidity  in  the 
barytic  folution,  being  much  more  concentrated 
than  the  lime-water.  Hence  merely  on  pouring 
barytic  water  flowly  from  one  veffel  to  another, 
it  becomes  (lightly  turbid.  The  barytes  as  it 
becomes  carbonated  falls  to  the  bottom  as  a 
white  powder.  Barytes  is  foiuble  in  alcohol, 
but  with  difficulty  unlefs  afiifted  by  heat.  The 
oxalic,  citric,  phofphoric  and  malic  acids  give 
cryftalline  precipitates  with  faturated  barytic 
water,  which  are  refoluble  with  a flight  excels 
of  the  fame  acid.  Moft  of  the  metallic  folutions 
are  decompofed  by  barytic  water,  and  the  pre- 
cipitated oxyds  of  filver  and  lead  are  again  dif- 
folved  by  an  excefs  of  the  barytes,  s 

Barytes,  its  carbonat,  both  native  and  artificial, 
and  ail  its  foiuble  falts  are  violently  poii'onous. 

The  combinations  of  barytes  with  the  acids 
are  defcribed  under  the  refpedlive  acids. 

The  affinity  of  barytes  with  the  earths  very 
ftrongly  reiembles  that  of  the  fixed  alkalies  in 
feveral  important  particulars.  The  powerful 
adlion  of  barytes  as  a flux  in  a red  heat  has 
been  already  mentioned,  and  the  eafe  with  which 
clay  crucibles  are  corroded  by  it.  The  two  fol- 
lowing experiments  {hew  this  combination  very 
ftrikingly.  h Three  parts  of  pure  barytes  were 
mixed  with  one  of  filex,  and  heated  violently  for 
an  hour  in  a platina  crucible.  When  taken  out  it 
was  a homogeneous,  porous,  friable  mafs,  fome- 
what green,  tailing  fweetifh,  and  not  heating 
when  flaked  with  water,  as  pure  barytes  does. 
It  diffolved  wholly  in  nitrous,  muriatic  and 
acetous  acid,  and  gave  a curdy  precipitate  with 
ammonia,  whereas  the  Ample  folution  of  barytes 
is  not  difturbcd  by  this  alkali.  Evaporated, 
this  folution  ftiffened  to  a jelly  when  nearly 
dry  (a  fure  mark  of  the  prefence  of  filex),  and 
when  folid  the  filiceous  earth  was  left  in  its 
proper  character.  Thus  then  barytes  renders 
filex  entirely  foiuble  in  acids,  and  potafh  does 
the  fame. 

2.  Nine  parts  of  barytes  were  mixed  with 
one  of  pure  alumine  newly  precipitated  from 
its  folvent  and  ft  ill  wet,  and  the  mixture  was 
boiled  for  a quarter  of  an  hour  with  water. 
This  yielded  both  a clear  liquor  and  an  earthy 
refidue.  The  liquor  was  only  flightly  burning 
to  the  tafte,  and  though  it  abforbed  carbonic 
acid  from  the  air,  and  let  fall  a white  barytic 
carbonat,  it  would  not  cryftallize  as  pure  barytes 
though  the  quantity  of  water  to  the  earth  was 
but  fmall.  Muriatic  acid,  only  enough  to  fatu- 
rate  the  barytes,  gave  a flocculent  precipitate 
of  alumine,  which  an  excefs  of  the  acid  redif- 

* Ibid.  k Ibid.  29. 
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folved.  When  faturated  with  the  acid,  ammonia 
gave  alfo  a precipitate  of  alumine.  The  earthy 
refidue  from  the  firft  folution  was  an  intimate 
mixture  of  alumine  and  barytes,  in  which  the 
natural  folubiiity  of  the  latter  in  water  was 
deftroyed  by  its  union  with  the  former.  Thus 
a great  excefs  of  barytes  over  the  alumine  is 
requifite  to  a folution  of  thefe  earths,  which  is 
alfo  {hewn  by  adding  hot  faturated  barytic  water 
to  muriat  of  alumine : the  firft  drops  produce 
a precipitate,  which  a further  addition  of  barytic 
water  redifTolves. 

Barytes  unites  eafily  with  all  kinds  of  oils. 
If  barvtic  water  is  added  to  a folution  of  foap, 
an  info’uble  curd  falls  down,  which  is  an  union 
of  the  barytes  with  the  oil  of  the  foap,  whilft 
its  alkali  remains  cauftic  and  uncombined  in  the 
liquor.  Alfo  when  a hot  faturated  barytic  water 
is  boiled  with  olive  oil,  a barytic  foap  is  formed, 
differing  however  from  the  alkaline  foaps  in 
being  infoluble  in  water. 

The  fixed  alkaline  folutions,  heated  with  any 
of  the  foft  parts  of  animals,  di{folve  them,  and 
at  the  fame  time  caufe  the  evolution  of  much 
ammonia.  Barytes  has  the  fame  effedft  with  regard 
to  the  production  of  ammonia,  and  forms  with 
the  animal  matter  a foft  pulp  infoluble  in  water. 

Therefore,  from  thefe  and  other  ftriking  ana- 
logies, barytes  (as  well  as  ftrontian,  which  agrees 
with  it  in  moft  of  the  above  particulars)  has 
been  actually  claffed  as  an  alkali  by  fome 
chemilts,  and  by  others  as  an  alkaline  earth. 

The  difcovery  of  ftrontian  is  of  a much  later 
date  than  that  of  barytes,  and  the  refemblance 
between  the  two  is  fo  very  ftriking  in  many 
effential  particulars,  and  fo  much  greater  than 
that  which  fubfifts  between  any  two  of  the  other 
earths,  that  chemifts  have  taken  fome  pains  to 
eftablifh  the  feparate  identity  of  ftrontian.  The 
following  are  fome  of  their  moft  remarkable 
points  of  refemblance. 

They  are  both  found  native,  only  in  the  ftates 
of  fulphat  and  carbonat.  The  fulphats  are 
both  nearly  infoluble  in  water,  and  are  formed 
artificially  by  the  union  of  any  other  folution  of 
thefe  earths  with  any  fait  in  which  the  fulphuric 
acid  enters.  Alfo  the  fulphats  of  thefe  earths 
readily  difiolve  in  ftrong  fulphuric  acid,  and 
are  both  precipitated  by  the  addition  of  water.  ‘ 

The  methods  above  deferibed  for  the  decom- 
pofition  of  fulphat  of  barytes,  apply  equally  to 
the  fulphat  of  ftrontian. 

The  native  carbonats  are  both  fcarcely  cal- 
cinable  by  mere  heat,  but  the  artificial  carbonats 
much  more  readily.  They  are  equally  decom- 

* Khproth. 


pofed  by  charcoal.  They  alfo  a£t  with  equal 
energy  as  a flux  on  earthy  fubftances. 

The  pure  earths  are  both  cryftallizable  from 
their  hot  watery  folutions,  foluble  in  alcohol, 
and  both  exhibit  in  tafte  and  other  chemical 
properties  a very  ftrong  refemblance  to  the  fixed 
alkalies,  forming  a fpecies  of  foap  with  oils, 
diflblving  filex  and  alumine,  Tmd  the  like.  They 
alfo  attract  carbonic  acid  from  every  furround- 
ing body  with  readinefs,  and  in  fo  doing,  the 
earth  precipitates  totally  from  its  folution  in 
the  form  of  a white  carbonat. 

The  carbonats  of  each  earth  are  foluble  with 
effervefcence  in  moft  of  the  acids,  but  the  native 
carbonats  much  lefs  eafily  than  the  artificial. 
Pure  ammonia  precipitates  neither  the  one  nor 
the  other. 

On  the  other  hand  there  i3  fuch  a decided 
difference  between  the  two  earths  in  the  follow- 
ing eflential  particulars,  that  we  cannot  hefitate 
to  clafs  them  as  diftindt  earths. 

Barytes  and  all  its  falts  (except  the  fulphat 
which  is  infoluble  in  moft  fluids)  are  violent 
poifons,  deftroying  animals  by  inflaming  the 
ftomach  and  inteftines.  The  correfponding  pre- 
parations of  ftrontian  are  quite  innocent,  and 
appear  to  produce  no  effedt  whatever  in  any 
moderate  quantity.  k 

Strontian,  or  any  of  its  falts  diflolved  in  al- 
cohol, give  to  its  flame  a beautiful  carmine  red. 
The  barytic  falts  on  the  other  hand  give  only  a 
faint  yellow. 

The  affinity  of  ftrontian  to  acids  is  lefs  than 
that  of  barytes,  fo  that  barytes  decompofes  the 
ftrontian  falts  by  Ample  affinity,  and  lime,  which 
is  weaker  than  barytes  in  its  affinities,  is  fuperior 
to  ftrontian. 

The  form,  habititudes  and  folubiiity  of  many 
of  the  falts  of  barytes,  differ  from  thofe  of  the 
correfponding  ftrontian  falts.  In  general  the 
barytic  falts  are  much  lefs  foluble  than  the  ftron- 
tian. Barytes  however  is  ten  times  more  foluble 
in  water  than  ftrontian.  * Sulphat  of  barytes 
is  abfolutely  infoluble  in  water,  l'ulphat  of  ftron- 
tian flightly  foluble,  efpecially  with  a fmall 
excefs  of  the  acid,  and  hence  die  former  will 
(hew  the  prefence  of  fulphuric  acid  in  much 
minuter  quantity  than  the  latter.  On  the  other 
hand  the  precipitated  oxalat  of  ftrontian  (formed 
by  oxalic  acid  and  any  folution  of  this  earth) 
cannot  be  diflolved  by  an  excefs  of  this  acid, 
whereas  the  oxaht  of  barytes  is  refoluble  bv 
this  method.  The  nitrat,  muriat  and  acetite 
or  barytes  are  much  lefs  foluble  in  water  than 
the  correfponding  ftrontian  falts,  and  are  heavier 
Vauquelin, 
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and  more  opake.  The  little  folubility  of  the 
nitrated  barytes  is  {hewn  by  its  copious  precipi- 
tation when  nitric  acid  is  added  to  concentrated 
acetited  or  muriated  barytes,  which  does  not 
take  place  with  the  folutions  of  ftrontian.  The 
gallic  and  malic  acids  added  to  barytic  water 
give  a precipitate,  the  former  white,  the  latter 
greenifti.  With  ftrontian  water  no  fuch  effect 
is  produced.  The  muriats  {hew  the  moft  ftriking 
difference,  and  hence  this  acid  is  generally  re- 
forted  to  in  chemical  analyfis. 

In  a mixture  of  the  two  muriats,  the  barytic 
begins  to  cryftallize  in  a much  more  dilute 
folution  than  the  ftrontian,  and  the  muriated 
barytes  forms  large  opake  heavy  oblong  hex- 
agonal tables,  with  fome  varieties  ; whereas  the 
muriated  ftrontian  does  not  feparate  till  the 
liquor  is  of  a fyrupy  confiftence,  and  then  pro- 
duces long  {lender  tranfparent,  light,  needle- 
ftiaped  bundles  of  cryftals,  often  radiated.  This 
difference  cannot  be  overlooked  by  the  moft 
carelefs  obferver. 

From  what  has  preceded,  the  reader  will  be 
able  to  underftand  the  habitudes  of  barytes 
■when  fubjeded  to  chemical  analyfis.  The  fol- 
lowing fads  may  be  of  ufe  in  analyfis,  in  fepa- 
rating  barytes  from  lime  and  ftrontian,  the 
earths  with  which  it  is  moft  liable  to  be  mixed. 

Pure  fluoric  acid,  or  better,  fluat  of  ammonia, 
quite  free  from  fulphuric  acid,  will  precipitate 
lime  from  its  folution,  but  not  ftrontian  nor 
barytes.  Barytes  may  be  feparated  from  lime 
and  ftrontian  either  by  evaporating  the  mixed 
muriated  folutions,  when,  as  above  mentioned, 
the  muriated  barytes  cryffallizes  diftindly  and 
feparately  ; or  by  judicioufly  adding  cold  alcohol 
to  the  entire  contents  cf  the  folution  evaporated 
to  drynefs,  which  will  diffolve  out  the  muriats  of 
lime  and  ftrontian,  and  leave  almoft  the  whole 
pf  the  muriat  of  barytes ; or  by  adding  ftrong 
nitric  acid  to  the  concentrated  folution,  which 
will  precipitate  the  nitrated  barytes  in  cryftals, 
leaving  the  other  two  earths  in  folution.  The 
firft  of  thefe  methods  appears  the  moft  exad. 

It  may  be  added  that  many  chemifts  have 
been  miftaken  in  fuppofing  that  the  Prussic 
acid  was  a teft  for  barytes,  for  the  precipitate 
roduced  by  common  prufliat  of  potafti  and  a 
arytic  folution,  has  been  found  to  arife  only 
from  an  admixture  of  fulphat  of  potafti  with 
the  prufliat. 

The  affinities  of  barytes  are:  in  the  moift 
way — the  fulphuric,  oxalic,  fuccinic,  fluoric, 
faccholadic,  nitric,  muriatic,  phofphoric,  citric, 
tartareous,  arfenic,  benzoic,  acetic,  boracic,  ful- 


phureous,  carbonic  and  pruffic  acids,  fulphur 
and  fat  oil. 

BASALT.3  Bnfalt, Werner.  Bafalte, Brochant. 

The  colour  of  bafalt  is  generally  greyilh  black, 
paffmg  into  afh-grey,  browniih  black  and  bluilh 
black : the  furfaces  of  its  natural  divifions  are 
of  a greyifti  ochre  colour,  which  tint  is  alfo 
acquired  by  the  furface  of  any  cafual  fradure 
after  a fliort  expofure  to  the  weather.  It  occurs 
in  mafs  or  vehicular.  Internally  it  is  dull, 
though  fometimes  feebly  glimmering,  on  account 
of  very  minute  cryftals  diiperfed  through  its 
fubftance.  Its  fradure  is  coarfe  or  fine  grained 
uneven,  or  fine  fplintery ; in  large  pieces  often 
conchoidal,  and  fometimes,  though  very  rarely, 
even  and  earthy.  It  is  amorphous  or  tabular, 
or  in  columnar  angular  diftind  concretions, 
from  a few  inches  to  two  hundred  feet  in  length, 
either  fimple  or  articulated,  and  the  articulations 
are  plain,  or  formed  by  the  convex  end  of  one 
piece  implanted  in  the  concave  end  of  the  next; 
or  finally  it  is  found  in  globular  maffes,  com- 
pofed  of  concentric  lamellae  of  various  fizes, 
even  to  two  feet  or  more  in  diameter.  It  is 
opaque,  but  fometimes  feebly  tranflucent  on  the 
edges.  It  give  a light  afti-grey  ftreak : is  nearly 
equal  in  hardnefs  to  common  glafs,  but  poffeffes 
a degree  of  toughnefs  which  renders  it  very 
difficult  to  be  broken.  Sp.  gr.  2.86  to  2.97. 
It  is  for  the  moft  part  attraded  by  the  magnet, 
and  fometimes  poffeffes  polarity. 

It  melts  with  eafe  before  the  blowpipe,  with- 
out addition,  into  a black  glafs.  The  bafalt  of 
the  Haffenberg,  in  Bohemia,  has  been  analyfed 
by  Klaprothb,  and  that  of  Staffa  by  Dr.  Kennedy, 
with  the  following  refults. 


Klapr. 

Kenn. 

Silex  - - - - 

- 44-5 

48. 

Alumine  - - - 

- 16.75 

16. 

Oxyd  of  iron  - - 

- 20. 

16. 

Oxyd  of  manganefe 

- 0.12 

0 

Lime  - - - - 

- 9-5 

9- 

Magnefia  - - - 

- 2.25 

0 

Soda  - - - - 

2.6 

4- 

Moifture  and  volat.  matter  2. 

6. 

97.72 

99. 

Bafalt  not  unfrequcntly  contains  olivine  and 
bafaltic  hornblende,  fometimes  felfpar,  and 
when  verging  into  Wakke,  mica,  calcareous 
fpar,  calcedony  and  zeolite. 

According  to  Werner,  bafalt  is  confined  to 
the  Floetztrap  or  fecondary  trapformation.  It 
occurs  in  valt  mountainous  beds,  moftly  of  a 
Kirwan.  k Analyt.  Eff,  v.  ii.  p.  195* 
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conical  form,  in  ftrata,  in  banks  or  dykes,  and 
in  veins.  It  is  met  with  in  moll  parts  of  the 
world,  and  almoft  always  accompanies  coal : 
the  columnar  variety,  where  the  pillars  are  long 
and  well  defined,  exhibits  ja  remarkably  grand 
appearance.  The  fmall  illand  of  Staffh,  on  the 
weftern  coaft  of  Scotland,  is  entirely  compofed 
of  bafaltic  pillars,  both  ftrait  and  bending ; the 
Giant’s  caui'eway,  on  the  coaft  of  Antrim,  in 
Ireland,  is  a huge  pavement  of  ftrait  pillars, 
running  to  an  unknown  diftance  in  the  fea,  and 
backed  by  a fteep  rock,  containing  numerous 
ranges  of  fimilar  columns : the  promontry  of 
Fair-head,  a little  further  to  the  north,  exhibits 
a continued  range  about  a mile  in  length  of 
columns,  250  feet  high,  and  from  ten  to  twenty 
in  diameter, c being  the  largeft  yet  known. 

The  ufes  of  bafalt  are  various.  From  its 
being  tougher  and  more  durable  than  marble, 
it  was  a favourite  material  with  the  ancient 
Egyptian  fculptors,  many  of  whofe  works  ex- 
ecuted in  bafalt  are  at  the  prefent  day  in  as  per- 
fe£t  {late  as  when  they  were  firft  finilhed.  The 
cellular  variety  is  ufed  with  fome  fuccefs  as  a 
material  for  millftones.  It  is  alfo  employed  as 
a building  {tone,  a flux  for  certain  irpn  ores, 
and  as  an  ingredient  in  dark  green  bottle  glafs  * 
the  fine-grained  is  ufed  as  a touchftone.  Bafalt 
alfo  when  torrefied  and  pulverized,  commu- 
nicates to  common  mortar  the  property  of  hard- 
ening under  water. d 

The  origin  and  formation  of  bafalt  has  long 
been  and  {till  continues  a fubje£t  of  animated 
controverfy  among  geological  philofophers.  The 
firft  mineralogifts  confidered  it  decidedly  as  of 
volcanic  origin,  from  its  colour,  its  fonoroufnefs, 
and  the  regular  arrangement  of  its  prifms. 
Bergman  introduced  the  theory  of  its  aqueous 
formation,  from  obferving  that  the  ftrata  which 
are  in  immediate  contact  with  bafalt,  generally 
exhibit  appearances  incompatible  with  the  known 
action  of  fire  upon  them.  Since  the  time  of 
this  great  chemift,  the  two  theories  have  nearly 
equally  divided  the  mineralogical  world,  both 
with  regard  to  numbers  and  abilities.  The 
Swedes,  the  Germans,  and  the  difciples  of 
Werner  in  Britain,  have  taken  up  the  aqueous 
theory : they  have  {hewn  bafalt  refting  upon 
and  alternating  with  ftrata  cf  acknowledged 
aqueous  origin,  they  have  difcovered  {hells  and 
vegetable  remains  imbedded  in  its  fubftance, 
they  have  found  its  cavities  filled  by  filiceous 
nodules  containing  water,  they  have  melted 
bafalt  in  their  furnaces  and  have  found  it  to 


produce  a glafs,  they  have  {hewn  that  the  lava 
of  Vefuvius  and  Etna  differs  in  many  important 
particulars  from  bafalt  j and  they  have  pointed 
out  the  prifmatic  ftrudture  in  many  fubltances, 
which  are  not  fuppofed  even  by  their  antagonift* 
to  have  undergone  the  adtion  of  fire. 

The  French,  the  Italians,  and  Dr.  Hutton  and 
his  partizans  in  Britain,  have  for  the  moft  part 
adopted  the  opinion  cf  the  igneous  origin  of 
bafalt : they  have  {hewn  the  prifmatic  ftrudture 
of  fome  undoubted  Italian  lavas ; they  have 
{hewn  beds  of  coal  charred  by  the  contact  of 
dykes  of  bafalt,  and  the  forcible  difruption,  in- 
curvation and  induration  of  argillaceous  ftrata 
when  pierced  through  by  veins  of  this  fubftance. 
Sir  James  Hall  has  proved  that  bafalt,  after  it 
has  undergone  the  vitreous  fufion,  may  be  made 
by  flow  cooling  to  afl'ume  a perfeft  ftony  ap- 
pearance, and  Mr.  Watt’s  admirable  experi- 
ments e demonftrate  that  bafalt  may  by  the 
medium  of  fire  acquire  thofe  peculiarities  of 
ftrudture  which  are  not  eafily  explained  on  the 
aqueous  theory,  and  that  although  deprived  of 
its  magnetic  power  when  in  the  vitreous  ftate, 
it  recovers  it  again  as  it  refumes  by  flow  cooling 
its  earthy  prifmatic  texture. 

For  further  remarks  on  the  fufion  of  bafalt 
fee  Vitrification. 

BASALTINE.  See  Hornblende. 

BASALTINE,  odtahedral.  See  Augit. 

BASANITE.  See  Kieselschiefer. 

BATH  in  Chemical  apparatus.  (See  the  Ap- 
pendix.) 

BAY  SALT  is  a very  pure  fait,  prepared 
from  fea  water  by  fpontaneous  evaporation.  See 
Muriat  of  Soda. 

BEILSTEIN.  See  Nephrit. 

BELL-METAL.  See  Copper,  Alloys  of. 

BENZOIN  Gum , or  Benjamin.  BENZOIC 
Acid.  The  gum  refin  that  bears  the  name  of 
Benzoin  or  Benjamin,  is  brought  chiefly  from 
the  Eaft  Indies,  in  large  brittle  maffes,  of  un- 
equal degree  of  purity  and  varying  in  colour 
from  yellow  to  white.  It  has  fcarcely  any  tafte 
when  chewed,  but  if  previoufly  diffelved  it  is 
moderately  pungent  and  aromatic.  Its  fmell 
is  extremely  grateful  when  rubbed  or  gently- 
warmed,  this  encreafes  as  the  heat  is  raifed, 
and  when  the  refin  melts,  a very  white  and 
moft  fragrant  vapour  rifes,  which  is  fo  pungent 
as  to  excite  violent  coughing,  and  foon  com- 
denfes  on  the  furrounding  bodies  in  beautiful 
{tuning  faline  needles.  This  fait  is  the  besizoic  acid. 

Gum  benzoin  is  very  foluble  in  alcohol,  but 


* Nicholfon’s  Journ.  4to.  vol.  v.  p.  323,  4 Aon.  di  Chim.  vol.  ‘ Philof.’Tranf.  1804,  p.  279. 
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aioft  of  it  feparates  again  on  the  addition  of 
water.  Boiling  water  has  no  other  effedl  on 
benzoin  than  to  melt  it,  and  to  diiTolve  out  a 
fmall  portion  of  its  acid,  but  the  refin  itfelf 
remains  infoluble.  By  diftilling  this  refin  with- 
out addition  it  refolves  itfelf  into  the  acid,  and 
into  a fine  fragrant  oil  which  rife  nearly  together, 
and,  by  a greater  heat,  an  empyreumatic  oil  is 
given  off,  and  a fpongy  coal  remains  behind. 

Benzoin  is  the  moil  important  of  the  clafs  of 
balfams  in  modern  chemiftry,  which  are  under- 
ftood  to  be,  refins  naturally  united  with  that 
volatile  cryftallizable  acid  which  has  juft  been 
mentioned,  and  which  is  the  fame  in  all  the 
natural  balfams. 

The  white  refinous  precipitate,  which  is 
formed  by  adding  water  to  the  tindlure  of  ben- 
zoin, has  been  called  lac  virginale.  When 
gently  dried  it  is  a yellowiflh  white  powder, 
iometimes  ufed  as  a cbfmetic. 

The  benzoic  acid  may  be  prepared  either  by 
fublimation  or  by  digeftion.  The  former  method 
is  the  moft  ancient. 

Put  any  quantity  of  benzoin,  pure  or  impure, 
into  an  earthen  veflel  (a  common  pipkin  will 
anfwer  the  purpofe)  and  pafte  to  the  top  of  it 
a large  cone  of  white  paper,  or  join  to  it  ano- 
ther pipkin  inverted  and  fitting  pretty  clofe,  or 
in  fhort  any  kind  of  contrivance  to  receive  and 
condenfe  the  vapour.  Set  the  apparatus  on  a 
very  gentle  charcoal  fire,  or  over  a lamp,  fo  that 
only  the  lower  veflel  may  be  warmed,  and  heat 
it  no  more  than  is  fufficient  to  melt  the  refin. 
The  white  fuffocating  fragrant  vapour  rifes 
almoft  immediately  in  extremely  denfe  fumes, 
and  condenfes  in  the  upper  receptacle  in  un- 
commonly brilliant  clufters  of  fmall  needle- 
formed  cryftals.  Continue  the  procefs  till  nearly 
all  is  expelled  at  that  temperature.  The  ben- 
zoin however  ftill  retains  fome  acid,  which  may 
be  expelled  by  encreafing  the  heat,  but  then  at 
the  fame  time  fome  of  the  yellow  fragrant  oil 
of  benzoin  arifcs,  which  impairs  the  whitenefs 
and  purity  of  the  acid.  From  nine  to  twelve 
drachms  of  the  acid  may  be  obtained  in  this 
way  from  fixteen  ounces  of  benzoin. 

The  other  method  of.  preparing  this  acid  is 
that  which  was  difcovered  by  the  celebrated 
Scheele. a It  confifts  in  firft  heating  the  ben- 
zoin with  lime  water,  whereby  the  acid  unites 
with  the  lime,  forming  a benzoat  of  lime,  folu- 
ble  jn  water,  and  then  feparating  the  benzoic 
acid  by  the  muriatic,  which  unites  with  the 
lime  by  fuperior  affinity.  Some  management 
however  is  requifite  to  prevent  the  benzoin  from 


running  together  when  melted  by  the  heat  of 
the  boiling  water,  and  fwimming  at  the  top  in 
a mafs  impenetrable  by  the  liquor.  Scheele 
advifes  the  following  : pour  1 2 ounces  of  water 
upon  4 ounces  of  well  burnt  lime,  and  when 
flacked  add  6 pounds  more  of  water.  Then 
put  a pound  of  finely  powdered  benzoin  into  a 
tin  pan,  with  6 ounces  of  the  above  lime-water, 
mix  them  well  together,  after  which  add  the  reft 
of  the  lime-water.  The  benzoin  will  thus  be 
prevented  fi-om  running  together.  Boil  for  half 
an  hour  with  conftant  ftirring,  and  ftrain  the 
liquor  through  a cloth.  Repeat  the  boiling  with 
frefh  lime-water,  and  ftrain  as  before,  preffing 
the  refidue  to  extradl  all  the  liquor.  This  is 
now  a very  weak  folution  of  benzoat  of  lime, 
the  benzoic  acid  having  united  with  the  lime 
contained  in  the  lime-water.  Boil  down  this 
liquor  (which  is  a light  yellow)  to  two  pounds, 
and  ftrain.  When  cold  add  muriatic  acid,  as 
long  as  any  white  precipitate  falls  down,  and 
till  the  folution  talles  fenfibly  four.  After 
Handing  fome  hours,  colledl  the  precipitate  and 
flightly  rinfe  it  with  cold  water.  It  is  now 
pure  benzoic  acid.  The  reafon  of  its  precipi- 
tation is  its  very  fparing  folubility  in  cold  water 
when  no  longer  united  with  lime.  Boiling 
water  diflolves  of  its  weight  of  benzoic  acid, 
but  cold  water  only  -^o>  and  hence  almoft  all 
the  contents  of  a hot  faturated  folution  are 
depofited  on  cooling.  More  benzoic  acid  is 
procured  by  the  intermede  of  lime  than  by 
Ample  fublimation.  Scheele  obtained  in  this 
way  from  12  to  14  drams  from  16  ounces. 

Cream  of  lime,  or  flacked  lime  fufpended  in 
water  to  the  thicknefs  of  cream,  will  anfwer  as 
well  as  clear  lime-water,  and  a lefs  bulk  of 
liquid  will  thus  fuffice,  which  will  fhorten  the 
evaporation.  The  acid  procured  in  this  way  is 
in  the  form  of  a granular  powder.  It  may  be 
made  into  fpicular  cryftals  by  rediffolving  in 
boiling  water  and  cooling.  Almoft  any  acid 
will  feparate  the  acid  from  the  benzoat  of  lime, 
but  the  muriatic  is  the  moft  convenient.  The 
fulphuric  is  not  fo  proper,  as  the  fulphat  of 
lime  when  produced  will  partly  fall  to  the  bot- 
tom and  mix  with  the  benzoic  acid. 

A fmall  quantity  or  the  acid  may  be  extra£led 
from  gum  benzoin,  merely  by  boiling  in  water, 
which  cryftallizes  as  the  water  cools,  but  with 
the  inconvenience  above  mentioned,  of  the  refin 
melting  together  in  a mafs,  which  fwims  at  top, 
and  prevents  the  water  from  penetrating  it. 

Cryftallized  benzoic  acid,  particularly  that 
obtained  by  fublimation,  is  remarkably  light. 
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feathery  and  elaftic.  When  pure  it  is  quite 
white,  for  the  yellownefs  is  owing  to  the  ad- 
mixture of  oil.  But  as  it  retains  its  fragrant 
fmell  through  fucceflive  cryftallizations  and  fo- 
lutions,  it  is  probable  that  a portion  of  oil 
remains  in  very  clofe  union  with  it,  ar,d  hence 
perhaps  the  extreme  weaknefs  of  its  affinity 
with  earthy  and  alkaline  bafes. 

In  folution  with  water  the  tafte  of  the  acid  is 
{harp,  fourilh  and  pungent,  and  it  reddens 
litmus.  Heated  without  addition  a part  fub- 
limes  unaltered,  but  the  reft  is  decompofed  into 
the  ufual  products  of  vegetable  matter.  Thrown 
on  hot  coals  it  burns  readily  with  a molt  pun- 
gent fmoke. 

Benzoic  acid  is  alfo  contained  in  ftyrax  and 
balfam  of  Tolu,  giving  them  the  characters  of 
true  balfams  according  to  the  modern  fyftem ; 
and  it  is  met  with  more  fparingly  in  feveral  of 
the  fragrant  barks,  refills  and  other  vegetable 
matters.  It  generally  appears  in  its  proper 
character  when  thefe  fubftances  are  gently 
heated,  or  it  may  be  extracted  with  lime  in  the 
way  above  mentioned. 

Benzoats.  Thefe  are  too  little  known  to 
require  feparate  defcription.  The  benzoic  acid 
unites  with  all  the  alkalies  and  molt  of  the 
earths,  forming  generally  foluble  falts,  from  all  of 
which  the  acid  may  be  feparated  by  the  muriatic, 
as  above  defcribed,  from  the  benzoat  of  lime. 
Many  of  the  metallic  oxyds  are  foluble  in  this 
acid,  but  not  the  metals  themfelves.  The  benzoat 
of  lime  has  been  difcovered  by  Fourcroy  in  the 
urine  of  the  horfe,  and  fome  other  herbivorous 
■quadrupeds.  It  appears  to  be  the  caufe  of  the 
l'ub-sromatic  fmell  fometimes  perceived  when 
thefe  animals  {tale. 

The  affinities  of  this  acid  appear  to  be  in  the 
following  order : lime,  barytes,  magnefia,  pot- 
afh,  foda,  ammonia,  alumine  and  metallic  oxyds. 

BERGHOLZ.  See  Asbest. 

BERGKORK.  See  Asbest. 
BERGKRISTAL.  See  Quartz. 

BERGMILCH.  Agaric  mineral. 

The  colour  of  this  mineral  is  yellowifh-white, 
approaching  to  fnow-white  and  greyiffi-white : 
it  is  compofed  of  {lightly-cohering  very  line 
particles  j it  is  dull,  opake,  has  a meagre  feel, 
foils  the  fingers  when  handled,  and  is  fo  light 
as  nearly  to  float  on  water. 

It  effervefces  ftrongly,  and  is  entirely  dilfolved 
in  acids.  It  has  not  been  formally  analyfed, 
but  appears  to  be  a pure  or  nearly  pure  carbonat 
of  lime. 

It  is  found  in  fifliires  and  holes  of  fecondary 

* Wid«mann,  p.  4,3-6.  k Jamefon'*  Mineralog.  p.  396. 


limeftone  In  Switzerland,  and  at  Sunderland  i& 
the  county  of  Durham.  It  is  not  made  any 
ufe  of.  . 

BERGSEIFE. a Mountain  foap. 

This  mineral  was  firft  defcribed  by  Werner. 
Its  colour  is  browniffi  black,  paffing  into  fmoak- 
grey  : it  is-  found  in  mafs  and  difleminated  : in- 
ternally it  is  dull : its . fraCture  is  fine-earthy, 
paffing  into  flat  conclipidal.  It  is  opake,  does 
not  {lain  the  fingers,  gives  a fhining  refinous 
ftreak,  is  very  foft,  adheres  powerfully  to  the 
tongue,  and  is  light. 

-It  has  not  been  analyfed ; and  bears  a con- 
fiderable  relemblance  to  indui'ated  lithomarge. 

It  is  found  in  rocks  belonging  to  the  fecondary 
trap-formation,  and  is  very  rare  : the  only  places 
where  it  has  yet  been  difcovered  are,  Otkufch 
in  Poland,  in  Bohemia,  where  it  is  ufed  for 
walking  linen,  and  in  the  ifle  of  Skye  in  Scot- 
land. b 

BERNSTEIN.  See  Amber. 

BERYL.  See  Emerald. 

BEZOARD  Mineral  is  a perfeCl  oxyd  of 
Antimony,  made  by  digefting  in  nitric  acid 
the  precipitate  from  butter  of  antimony  by 
water. 

BILDSTEIN.  c Agalmatolite  of  Klaproth. 
Talc  glaphique,  Hauy. 

There  are  two  varieties  of  this  mineral,  the 
femitranfparent  and  the  opake. 

Var.  I.  femitranfparent.  Its  colour  is  olive 
and  afparagus  green,  paffing  into  greenilh  grey: 
internally  it  is  fhining  and  has  a greafy  luftre  : 
its  parallel  fradlure  is  obfcurely  flaty,  its  crofs 
fradture  is  fmall  fplintery,  paffing  to  compadt 
uneven : it  is  tranflucid  paffing  to  femitranf- 
parent, is  foft,  and  has  a greafy  feel.  Sp.  gr. 
2.81. 

It  has  been  analyfed  by  Klaproth,  and  appears 
to  contain  c 

54.  filex, 

36.  alumine, 

0.75  oxyd  of  iron, 

5.5  water. 


100.00 


Var.  2.  Opaque . This  differs  from  the  pre- 
ceding in  the  following  particulars.  Its  colour 
is  reddiffi-white  paffing  into  fleffi-red  and  varie- 
gated with  different  coloured  veins  : it  poflefles 
little  or  no  luftre,  and  has  a compa£l  fradturei 

c Hauy,  Emmerling,  Klaproth  Analyt.  E£T.  v. i.p.  465. 
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it  is  opake  or  at  moft  tranflucid  on  the  edges. 
Sp.  gr.  2.78. 

It  is  compofed,  according  to  Klaproth,  of 
.62  filex, 

.24  alumine, 

I.  lime, 

0.5  oxyd  of  iron, 

10.  water. 


97-5 

2.5  lofs 


100.0 


The  bildftein  comes  from  China,  and  is  the 
fubftance  of  which  the  little  Chinefe  ornaments 
and  figures  for  chimney-pieces  are  made.  It 
has  ufually  been  confidered  as  a variety  of  ftea- 
tite ; but  from  the  total  abfence  of  magnefia  in 
its  compofition,  and  its  external  charadlers, 
appears  to  be  nearly  related  to  lithomarge. 
BILE.  Galle,  Germ. 

This  moft  important  animal  fluid  is  fecreted 
in  all  animals  by  the  liver,  and  is  generally  one 
of  the  moft  abundant  of  all  the  animal  fecre- 
tions.  Some  are  alfo  furnifhed  with  a refervoir 
or  bag,  fubfidiary  to  the  liver,  and  called  the 
gall-bladder.  The  ufe  of  this  organ  is  foreign 
to  the  prefent  fubjedb,  but  its  exiftence  gives 
rife  to  fome  diftindfion  between  the  bile  of  the 
liver  and  that  of  the  gall-bladder,  the  hepatic  or 
csjjiic  bile. 

All  the  experiments  undertaken  in  a large 
way  have  been  upon  the  cyjlic  bile,  or  that  of 
the  gall-bladder,  on  account  of  the  eafe  with 
which  this  is  procured  after  death,  whereas  that 
of  the  liver  can  only  be  obtained  with  difficulty 
and  in  very  fmall  quantity.  It  does  not  appear 
however  that  any  material  difference  exifts  be- 
tween the  two,  except  that  the  cyftic  is  fome- 
what  thicker  than  the  hepatic  *,  nor  have  any 
latisfadlory  experiments  been  made  to  determine 
whether  the  kind  of  food  taken  in,  or  the  fpecies 
of  animal,  caufes  any  alteration  in  the  quality 
of  bile.  That  of  the  ox,  commonly  called  ox- 
gall, has  ufually  been  feledted,  though  the 
defcription  of  its  chemical  properties  will  with- 
out doubt  apply  with  very  little  variation  to 
every  fpecies  of  bile. 

Bile  is  a yellowilh-green  fluid,  vifcous  and 
tenacious  like  white  of  egg  diluted,  and  of  a 
denfity  greater  than  that  of  water.  The  fpecific 
gravity  is  given  fo  differently  by  various  writers 
that  it  certainly  varies  considerably,  according 
to  the  age,  food,  health,  & c.  of  the  animal. 


It  may  be  faid  to  be  from  1.02  to  1.04.  The 
fmell  of  recent  bile  is  peculiar  and  often  fub- 
aromatic,  but  this  changes  to  a very  peculiar 
foetor  when  putrid.  To  the  tafte  it  is  interffely 
bitter  (fo  much  as  to  be  proverbial)  and  fub- 
faline  : it  froths  violently  when  beaten  up,  and 
mixes  with  water,  though  flowly,  in  any  pro- 
portion. It  {hews  ftrong  marks  of  a predomi- 
nant alkali,  by  changing  blue  vegetable  colours 
to  green,  and,  as  will  prefently  be  feen,  it 
adlually  contains  foda  in  excefs,  but  not  car- 
bonated. 

Bile  gently  heated  does  not  coagulate,  but 
lofes  the  greater  part  of  its  water,  and  by  keep- 
ing the  temperature  within  the  boiling  point  of 
water  and  long  evaporation,  it  lofes  nearly  feven- 
ninths  of  its  weight 1 of  an  infipid  liquid,  dif- 
fering in  nothing  from  pure  water,  except  by 
having  a faint  unpleafant  fmell. 

The  refidue  when  cold  becomes  dry,  brittle, 
of  a dark  brown,  intenl'ely  bitter,  but  at  the 
fame  time  fomewhat  fweetifh,  and  very  inflam- 
mable. When  expofed  to  air  it  deliquefces  and 
refolves  itfelf  into  a thick  pitchy  mafs.  It  alfo 
readily  foftens  by  the  heat  of  the  hand,  and 
melts  over  the  fire.  It  may  be  now  preferred 
a very  long  time  without  putrefying,  but  bile 
itfelf  begins  to  be  very  fetid  and  fomewhat 
putrid  in  a few  days  in  fummer,  though  later 
than  moft  of  the  animal  juices.  In  this  ftate  a 
fmell  of  muflc  is  alfo  very  perceptible. 

The  thick  extract  or  injprffated  bile  when  heated 
in  a retort  without  addition,  gives  out  firft  a 
watery  liquid  containing  fome  Sulphuretted  hy- 
drogen, b whilft  the  bile  in  the  retort  puffs  up 
to  a prodigious  bulk.  A red  liquor  follows, 
which  contains  an  empyreumatic  oil,  at  firft 
clear  and  not  ungrateful,  but  afterwards  foul 
and  extremely  fetid.  Some  carbonat  of  am- 
monia rifes,  but  in  remarkably  lefs  quantity 
than  is  yielded  from  moft  animal  fubftances  of 
fimilar  confiftence. c Carbonic  acid,  carburetted 
hydrogen,  and  other  gaffes  follow  in  great  abun- 
dance. A black  fpongy  coal  is  left,  which  is 
deliquefcent  in  the  air,  and  after  fome  days 
{hews  a faline  efflorefcence  of  carbonat  of  foda. 
This  alkali  is  alfo  left  in  the  afhes  of  the  coal 
when  thoroughly  burnt  in  the  open  air.  The 
analyiis  by  fire  alone  does  not  throw  much 
light  on  the  compofition,  any  further  than  to 
fhew  the  prefence  of  uncombined  foda,  which 
remains  in  the  afhes  after  every  thing  elfe  has 
been  expelled.  It  is  by  other  means  that  the 
nature  of  bile  is  more  fully  detected. 

The  extradl  of  bile  infpiffated  by  gentle  heat, 
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though  it  has  fome  of  the  appearance  of  a refin 
and  burns  like  one,  is  ftill  readily  again  foluble 
in  water,  and  appears  thereby  to  return  nearly 
to  the  ftate  of  unprepared  bile. 

Alcohol  and  acids  are  the  moft  valuable  re- 
agents for  diicovering  the  true  nature  of  bile. 

If  dilute  muriatic  acid  (and  any  other  will 
anfwer  the  purpofe)  is  added  to  bile,  a greenifh 
coagulum  is  immediately  formed,  which  when 
collected  is  very  tenacious,  and  intenfely  bitter. 
The  clear  liquor  ftill  remains  bitter  as  well  as 
four,  but  if  the  acid  and  the  bile  are  boiled 
together11  the  feparation  is  more  perfedl,  the 
liquor  is  now  fcarcely  bitter,  and  has  little  other 
tafte  befides  that  of  the  acid  added,  whilft  the 
whole  of  the  fapid  and  colouring  matter  of  bile 
has  gone  into  the  precipitate,  which  is  now 
intenfely  bitter,  of  a dark  green  and  tenacious, 
and  may  be  dried  into  a brittle  refin-like  mafs. 
This  however  is  different  from  limply  infpifiated 
bile  in  being  deprived  of  the  foda  which  is 
natural  to  this  fluid,  and  this  alkali  is  now 
found,  on  evaporating  the  clear  liquid,  united 
to  the  muriatic  acid,  and  cryftallizes  in  fniall 
cubes  when  the  evaporation  is  carried  nearly  to 
drynefs.  If  fulphuric  acid  has  been  ufed  to 
decompofe  the  frelh  bile,  the  fait  is  fulphat  of 
foda,  if  the  nitric  acid,  nitrat  of  foda,  e and  by 
this  moft  fatisfaflory  experiment  the  prefence 
of  the  naked  alkali  is  fully  demonftrated.  No 
fenfible  quantity  of  muriatic  acid  in  any  form 
appears  to  exift  in  bile,  as  it  fhews  no  precipi- 
tate with  nitrated  filver. 

The  dark  green  bitter  coagulum  feparated  b)r 
the  acid  is  found  to  confift  of  at  leaft  two  fub- 
ftances,  one,  an  animal  matter  refembling  albu- 
men in  moft  of  its  properties,  the  other  a 
peculiar  refinous  matter,  in  which  refides  the 
colour  and  bitternefs  of  bile,  and  which  was 
before  held  in  folution  as  a kind  of  foap  with 
the  foda,  which  afterwards  quitted  it  to  join 
the  acid.  Acids  therefore  a£t  here  in  a double 
capacity,  they  precipitate  the  albumen,  as  they 
always  do  whenever  they  come  in  conta£f  with 
it,  and  they  alfo  precipitate  the  refinous  matter 
by  detaching  it  from  its  union  with  the  foda, 
which  makes  it  foluble  in  natural  bile.  The 
biliary  refin  2nd  foda  appear  to  form  a pretty 
clofe  union  with  the  albumen  in  recent  bile,  for 
when  this  liquid  is  heated  to  boiling,  none  of 
the  albumen  vifibly  coagulates,  and  the  bile 
remains  as  clear  as  ever,  which  could  not  take 
place  unlefs  the  albumen  were  prevented  from 
coagulating  by  fome  intimate  union  with  a fub- 
itance  uncoagulable  by  mere  heat.  Even  when 


white  of  eggs  is  previoufly  mixed  with  the  frefh 
bile  and  heated  to  boiling,  no  coagulation  takes 
place,  fo  that  the  biliary  refinous  foap  is  able 
to  prevent  this  feparation  in  a much  greater 
quantity  of  albumen  than  is  natural  to  the  bile. 

The  precipitate  formed  by  acids  has  been 
mentioned  to  confift  of  albumen  and  a fubftance 
which  may  be  called  biliary  refin.  Thefe  are 
entirely  feparable  by  alcohol,  which  only  dif- 
folves  the  refin,  forming  a dark  brown  bitter 
tin&ure,  whilft  the  albumen  remains  behind. 
This  tin&ure,  though  it  refembles  the  tincture 
of  fimply  infpifiated  bile  in  colour,  tafte  and 
inflammability,  differs  from  it  in  fome  material 
points.  The  latter  (as  it  retains  its  foda  and 
albumen)  is  uniformly  mifcible  with  water,  and 
is  in  appearance  much  more  like  a foapy  tinc- 
ture ; the  former  clofely  refembles  the  tinctures 
of  the  vegetable  refins,  and  on  the  addition  of 
water  becomes  inftantly  turbid  and  parts  with 
nearly  all  that  it  had  diffolved,  which  fubfides 
as  a dark  pulverulent  mafs  not  foluble  in  water. 

Alcohol  added  to  bile  gives  an  immediate 
coagulum,  which  is  nearly  white,  and  when 
wafhed  in  water,  in  which  it  is  now  infoluble, 
it  retains  fcarcely  any  bitternefs,  burns  on  coals 
like  horn,  and  is  nearly  pure  albumen.  The 
liquor  from  which  it  has  feparated  is  green  and 
bitter,  and  contains  both  the  biliary  refin  and 
the  foda.  Evaporated  to  drynefs  it  leaves  a 
fine  refinous  foap,  which  on  account  of  the 
foda  remains  equally  again  foluble  in  water  as 
in  fpirit.  If  the  bile  is  firft  infpifiated,  and 
the  alcohol  then  applied,  it  diffolves  out  of  the 
thick  extract  only  the  refin  and  foda,  leaving 
the  albumen.  This  latter  folution  is  itfelf  de- 
compofed  by  acids,  which,  uniting  with  the  foda, 
precipitate  the  biliary  refin  pure. 

The  alkalies  render  bile  more  fluid,  but  pro- 
duce no  remarkable  change.  When  concentrated 
they  difengage  a little  ammonia.  Barytic,  ftron- 
tian,  and  lime-urater  added  in  large  quantity 
unite  with  the  refin,  and  form  an  infolublc  foapy 
precipitate. 

The  metallic  falts  decompofe,  and  are  clecom- 
pofed  by  bile,  forming  precipitates  confifting 
chiefly  of  albumen,  and  of  the  metallic  oxyd 
united  with  the  biliary  refill. 

Some  phofphoric  falts  are  alfo  to  be  found  in 
bile,  though  in  fmall  quantity. 

The  refin  of  the  bile,  though  refembling  the 
vegetable  refins  in  folubility  in  alcohol,  infolu- 
bility  in  water,  brittlenefs,  inflammability,  & c. 
has  fome  properties  which  ihew  it  to  be  of  ?, 
peculiar  nature. 
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Fourcroy  has  further  examined  this  curious 
fubftance.  On  pafiing  the  oxymuriatic  acid  gas 
through  frefh  bile  diluted  with  a little  water, 
the  find  effedt  is  to  coagulate  the  albumen, 
which  is  depofited  in  white  flocculi.  At  the 
finne  time  both  the  .fmell  and  colour  of  the 
bile  entirely  difappear,  but  the  intenfe  bit- 
ternefs  remains.  On  continuing  the  procefs, 
the  greater  part  of  the  refin  feparates  in  the 
form  of  a white,  unctuous,  concrete  mafs.  Any- 
other  acid  produces  the  fame  precipitate,  if 
added  after  the  bile  has  abforbed  fo  much  of  the 
oxymuriatic  acid  as  to  lofe  its  colour.  This 
white  concrete  fubftance  differs  confiderably 
from  the  refinous  precipitate  formed  by  the 
Simple  muriatic  or  other  acid,  and  rather  refem- 
hles  adipocire,  for  it  is  foluble  eafily  in  hot  water 
(which  the  refin  is  not)  and  all'o  in  alcohol, 
which  liquor  during  the  foiution  paffes  nearly 
to  the  ftate  of  ether.  This  alcoholic  foiution  is 
alio  mifcible  with  water  (in  which  it  differs 
from  the  refin),  and  is  again  feparable  thence 
by  muriatic  acid.  It  more  refembles  the  foliated 
fubftance  contained  in  Biliary  Calculi.  Thefe 
curious  experiments  deferve  repetition. 

It  is  uncertain  whether  that  which  gives 
colour  and  odour  to  the  bile  is  a feparate  prin- 
ciple, or  whether  it  refides  in  the  refill. 

Some  chemifts  have  imagined  a faccharine 
matter  in  bile  to  be  indicated  by  the  fweetifh 
tafte  of  the  infpiffated  extracft,  and  the  tendency 
to  vinous  fermentation  which  it  affumes  by 
.keeping,  but  its  exiftence  is  by  no  means  clear. 

Bile  putrifies  with  difficulty,  for  though  it 
icon  acquires  a very  naufeous  fmell  by  keeping, 
.the  putrefa&ion  advances  very  flowly  and  im- 
perfectly. If  it  is  boiled  a few  minutes  in  this 
ftate  it  becomes  very  green,  and  is  long  pre- 
ferved  from  further  alteration.  When  thickened 
by  evaporation  to  a fyrupy  confidence,  it  will 
remain  frefh  for  many  months,  during  which 
it  affumes  fomewhat  of  a vinous  fmell.  In  any 
cafe  the  bitternefs  remains  apparently  unaltered. 

Bile  has  been  occafionally  employed  with 
advantage  in  medicine,  when  diffolved  in  alco- 
hol or  infpiffated.  But  its  chief  ufe  out  of  the 
body  is  a detergent  to  fcour  wool  and  cloth, 
remove  greafe,  fpots,  &c.  Ox-gall  is  chiefly 
turned  to  this  purpofe.  It  here  feems  to  add  as 
a kind  of  foap,  but  with  fuperior  powers  as  a 
detergent,  than  the  mere  quantity  of  alkali  in 
it  would  indicate. 

The  fame  property  of  mixing  with  and  dif- 
folving  oily  matters  renders  bile  ufeful  to  paint- 
ers in  various  ways.  Ivory  when  rubbed  with 
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ox-gall  lofes  its  greafy  glofs,  and  is  thereby 
much  fitter  to  receive  colours,  and  the  gall 
itfelf  is  ufed  to  mix  greens,  biftre,  and  fome 
colours  where  the  greenifh  yellow  of  the  gall 
is  not  perceived..  As  no  animal  has  been  found 
deftitute  of  bile,  it  appears  a moft  elfential  fluid 
to  the  animal  economy. 

BILIARY  CALCULI.  Hard  concrete 
roundifli  fubftances  are  often  found  in  the  gall 
bladder,  or  more  particularly  in  the  duCts  from 
the  liver  and  the  gall-bladder  to  the  inteftiue, 
or  fometimes  pafl'ed  on  into  the  bowel  itfelf, 
and  which  during  life  are  often  the  caufe  of  a 
moft  painful  dileafe.  Thefe  concretions  have 
attracted  the  notice  of  chemifts. 

Biliary  calculi  (or  gall-Jlo7ics  as  they  are  alfo 
termed)  vary  much  in  external  appearance  as 
well  as  chemical  properties,  though  there  is 
upon  the  whole  more  fimilarity  between  thefe 
than  between  urinary  calculi.  The  colour  is 
generally  green  or  yellowifh  brown,  fometimes 
white ; in  ftiape  they  are  often  oblong,  fome- 
times tuberculated.  When  cut  through  they 
moft  frequently  confift  of  a radiated  femi-cryi- 
talline  mafs,  internally  often  refembling  fper- 
maceti,  coated  with  feveral  concentric  laminae. 1 
The  radiated  part  is  moftly  white  and  then 
taftelefs,  the  laminated  is  fometimes  bitter. 

Gall-ftones  are  diftinguilhed  for  their  light- 
nefs  and  inflammability,  few  of  them  being  „fo 
heavy  as  to  fink  in  water,  and  when  put  to  a 
lighted  candle  they  generally  melt  like  wax  and 
kindle  with  a bright  flame,  attended  with  very 
little  ammoniacal  fmell.  From  the  infinite 
minute  varieties  in  gall-ftones  no  natural  ar- 
rangement is  indicated,  but  the  moft  important 
indications  for  analyfis  are  the  proportion  of  the 
cryftallized  radiated  part,  and  the  general  light— 
nefs  and  inflammability. 

Gall-ftones  are  ufually  largely  foluble  in  oil 
of  turpentine,  and  in  all  the  efiential  oils  by 
heat.  Alcohol  when  cold  has  but  little  adlion, 
but  when  boiled  it  difl'olves  almoft  all  the  in- 
flammable part,  leaving  an  earthy  refidue  behind. 
On  cooling,  this  foiution  depofits  very  copious 
fpicular  cryftals,  ftrongly  refembling  thofe  of 
fpermaceti  treated  in  the  fame  way,  and  this 
Angular  fubftance  forms  by  far  the  moft  curious 
part  of  the  compofition  of  thefe  concretions. 
Pouletier  and  Fourcroy b have  both  attended 
minutely  to  this  fubftance.  The  former  dis- 
covered fimilar  cryftalline  concretions  in  a piece 
of  liver  long  expoled  to  the  air. 

When  the  hot  alcoholic  foiution  of  this  con- 
crete is  dropped  into  a large  quantity  of  water, 

11  An.  Chizn.  tom.  3. 
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* white  flocculent  precipitate  is  formed,  which 
when  dried  is  found  to  be  of  a refinous  nature. 
The  fupernatant  liquor,  by  faturation  with 
muriatic  acid  and  evaporation,  gives  muriat  of 
foday c by  which  it  is  evident  that  this  alkali 
remains  in  union  with  the  biliary  refin  after  it 
has  undergone  the  change  (as  yet  not  quite 
underftood)  into  biliary  calculus. 

Ether  and  oil  of  turpentine  diflolve  the  fper- 
maceti-like  concrete,  and  depofit  the  greater 
part  in  cryftals  on  cooling.  Hot  nitric  acid 
adls  upon  it  readily  with  difengagement  of 
nitrous  gas.  When  cool,  a white  oil  concretes 
on  the  furface  of  the  acid,  now  no  longer  of  a 
eryftalline  texture,  and  altered  in  its  properties, 
being  brittle  and  friable  like  a refin,  and  when 
rediffolved  in  alcohol  it  does  not  again  cryftallize 
on  cooling.4  It  is  (till  infoluble  in  water.  Ether 
diflolves  this  altered  concrete  as  it  did  in  its 
natural  ftate,  but  water  again  feparates  it  in  the 
form  of  drops  of  oiL 

Thefe  fingular  anomalies  fhew  that  the  radi- 
ated eryftalline  part  of  biliary  calculi'is  con- 
fiderably  different  from  fpermaceti  or  adipocire, 
and  to  the  phyfiologift  the  fubjedl  is  worth 
purfuing. 

BIMSTEIN.  See  Pumice. 

BIRDLIME  is  a very  fingular  kind  of  tena- 
cious cement  prepared  from  the  bark  of  fome 
trees,  particularly  the  holly,  and  alfo  from  the 
mifletoe.  The  holly  bark  is  firft  boiled  for  ten 
or  twelve  hours,  which  feparates  the  green  outer 
coat  from  the  inner,  it  is  then  covered  up  for 
a fortnight  in  a moift  place,  and  afterwards 
pounded  into  an  uniform  pafte,  wafhed  in  water, 
fermented  for  four  or  five  days,  and  laid  up  for 
ufe.  When  ufed,  it  is  incorporated  with  a third 
of  its  weight  of  nut  oil.  Many  other  vegetables 
yield  by  maceration  a fimilar  ftringy  tenacious 
juice,  infoluble  in  water  and  mifcible  with  oils. 
BISMUTH.  Wifmuth , Germ. 

Bifmuth  is  a metal  of  a very  dilute  yellowiffi 
and  reddifh  white  colour  •,  it  is  brittle,  has  a 
lamellar  texture,  and  is  divifible,  parallel  to  the 
fides  of  a regular  o&ahedron,  is  more  fufible 
than  lead,  and  is  readily  foluble  in  nitrous  acid, 
from  which  it  is  almoft  entirely  precipitable  in 
the  form  of  a white  powder,  by  the  addition  of 
water. 

The  ores  of  bifmuth  are  comparatively  of 
rare  occurrence,  and  are  arranged  by  mineralo- 
gifts  under  the  three  following  fpecies.  e 

I.  Native  Bifmuth.  Gediegen  Wifmuth. 
muth  naif.  Ilauy  and  Brochant. 


The  colour  of  this  fubftance  is  filvery-white, 
verging  more  or  lefs  upon  red ; it  is  often  iri- 
defcent  on  the  furface.  It  occurs  diffeminated, 
or  fuperficial,  feather-draped  reticular  or  cel- 
lular, rarely  in  mafs  and  very  rarely  cryftallized. 
Its  forms  are  very  fmall  quadrilateral  tables  and 
cubes.  It  pofieffes  both  externally  arid  inter- 
nally a brilliant  metallic  luftre.  Its  fra£ture  is 
lamellar  or  broad  radiated,  and  generally  ex- 
hibits granular  diftin£t  concretions.  It  is  foft, 
and  in  fome  degree  du&ile.  Sp.  gr.  9.57. f It 
fufes  very  eafily,  and  is  entirely  diffipated  before 
the  blowpipe  in  a yellowidi  white  fmoak.  It 
has  not  been  regularly  analyfed,  but  often  con- 
tains befides  bifmuth  a very  fmall  portion  of 
arfenic  and  cobalt,  hence  when  melted  it  exhales 
a flight  alliaceous  odour. 

It  is  found  in  the  veins  of  primitive  moun- 
tains in  a gangue  of  quartz,  calcareous  fpar  or 
heavy  fpar,  indurated  clay  or  jafper,  accom- 
panied by  cobalt,  kupfernickel,  and  occafionally 
by  native  filver,  blende  and  galena.  It  is  met 
with  in  Bohemia,  Saxony,  Tranfilvania,  Sweden 
and  Brittany. 

II.  Sulphuretted  Bifmuth.  Wifmuth  glatiz* 
Galene  de  Bifmuth.  Bifmuth  fulfurc,  Hauy. 

Its  colour  is  between  tin-white  and  lead-grey, 
the  furface  being  often  yellow  or  iridefeent.  It 
occurs  in  mafs  or  diffeminated,  or  more  rarely 
in  fmall  lamellae  or  acicular  Cryftals  implanted 
in  each  other.  Its  frafture  is  generally  radiated, 
fometimes  lamellar.  Its  luftre  is  brilliant  me- 
tallic. It  generally  ftains  the  fingers,  and  gives 
an  obfeurely  metallic  ftreak.  Sp.  gr.  6.13. 

It  melts  eafily  and  gives  out  a fulphureeu# 
odour  and  blue  flame,  but  is  with  difficulty 
freed  from  the  whole  of  the  fulphur.  Accord- 
ing to  the  analyfis  of  Sage  and  La  Peyroufe  it 
contains  about  60  per  cent,  of  bifmuth,  36  of 
fulphur  and  a little  iron.  It  is  diftinguilhable 
from  galena  by  its  fuperior  fufibility,  and  by 
not  breaking  into  cubical  fragments,  and  from 
fulphuret  of  antimony  by  being  fomewhat  lefs 
fufible,  and  by  not  being  entirely  evaporated 
before  the  blowpipe. 

This  mineral  is  extremely  rare,  it  has  been 
found  accompanying  native  bifmuth  in  Bohemia, 
Saxony  and  Sweden. 

A variety  of  this  ore  with  a more  than  ufual 
filvery  appearance  is  deferibed  by  Born  as  a 
molybdic  filver,  ivajprbley  fiber  \ it  has  how- 
ever been  lately  analyfed  by  Klaproth,  and 
contains  75  per  cent  of  bifmuth  and  5 of  fid— 
phur. 


Bif- 
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tU.  Bifmuth  ochre.  W if  ninth  okker.  Bifmuth 
gxyde , Hauy. 

Its  colour  is  yellowifh  grey  palling  into  afli- 
.grey,  greenilh  grey  or  ftraw-yellow.  It  occurs 
very  rarely  in  mats,  but  more  commonly  dif- 
feminated  or  invelling  the  furface  of  other 
minerals.  Internally  it  pofieffes  a common 
Shining  luftre.  Its  fracture  is  fine-grained  un- 
even or  earthy.  It  is  tender,  often  friable  : and 
is  heavy,  but  its  exa£t  fpecific  gravity  has  not 
yet  been  afcertained. 

It  is  foluble  in  nitrous  acid  without  efferves- 
cence according  to  Kirwan,  but  with  effer- 
vefcence  according  to  Brochant,  and  before  the 
blowpipe  on  charcoal  is  eafily  reduced  to  a 
metallic  globule.  It  appears  to  be  a pure  oxyd 
of  bifmuth,  occafionally  combined  with  carbonic 
acid. 

Bifmuth  ochre  is  very  rare,  and  is  found  prin- 
cipally at  Schneeberg  in  Saxony,  accompanying 
native  bifmuth. 

The  reduction  of  the  ores  of  bifmuth  is  very 
eafy  on  account  of  its  ready  fufibility  and  the 
llightnefs  of  its  affinity  with  Sulphur.  The 
native  and  oxidated  bifmuth  are  worked  in  the 
great  way  Simply  by  heating  the  ore  in  contact 
with  burning  fuel.  For  this  purpofe  fome  dig 
a fhallow  hole  in  the  ground,  fill  it  loofely  with 
wood  and  bufhes,  and  when  the  fire  is  kindled 
throw  upon  it  the  ore  broken  in  pieces.  Others 
fill  the  hollow  of  the  (lump  of  a pine  tree  alter- 
nately with  wood  and  with  the  ore,  and  fet  it 
on  fire.  In  either  cafe  the  bifmuth  melts  out 
from  its  matrix,  and  is  found  in  a mafs  at  the 
bottom.  For  the  nicer  purpofe  of  affay  more 
exactnefs  is  requifite. 

The  native  and  the  oxidated  bifmuth  are  thus 
reduced : mix  them  with  their  weight  of  black 
flux,  put  info  a crucible,  cover  with  fait  to 
about  a fingers’  breadth,  and  melt  for  five 
minutes  with  a pretty  brifle  fire.  When  cold, 
the  bifmuth  is  found  in  a clean  button  beneath 
the  fcoria.  Gellerts  ufes  one  part  of  borax 
and  the  fame  of  powdered  glafs  to  two  of  the 
ore,  and  fufes  in  a crucible  lined  with  charcoal, 
which  is  perhaps  ftill  more  exadt ; but  where 
the  oxyd  is  ufed  it  fliould  alfo  be  mixed  with  a 
little  oil,  rofin  or  charcoal. 

The  fulphuret  Should  firft:  be  roafted  for  a 
moderate  time  to  expel  moll  of  the  fulphur, 
which  is  not  difficult  to  drive  off,  and  then 
mixed  with  black  flux  and  treated  as  the  former. 
In  this  manner  Sage  obtained  60  of  metal  from 
loo  of  the  roafted  oxyd.  h No  great  intenfity 
of  heat  is  required  in  thefe  reductions.  The 


metal  thus  obtained  is  not  however  pure,  as  it 
retains  any  lead,  Silver  and  other  metals  with 
which  it  may  be  naturally  combined.  The 
quantity  of  Silver  may  afterwards  be  known  by 
working  off  a determinate  weight  of  the  bif- 
muth on  a cupel  in  the  manner  of  lead,  as  de- 
scribed in  the  article  Assay.  When  the  procefs 
is  finiffied,  the  oxyd  of  bifmuth  will  be  entirely 
a-bforbed  by  the  cupel,  and  with  it  all  the  bafe 
metals,  and  the  Silver  alone  will  remain  in  the 
metallic  ftate.  To  determine  the  exadt  pro- 
portions of  the  other  metals,  recourfe  mult  be 
had  to  the  humid  way  of  allaying.  No  previous 
roafting  is  here  requifite.  The  nitrous  acid 
diluted  with  no  more  than  a third  of  water  is 
the  beft  menftruum.  The  native  or  Simply 
oxidated  metal  diflolves  readily  in  this  acid  in 
the  cold  or  only  with  a gentle  heat;  the  ful- 
phuret requires  boiling,  whereby  the  fulphur  is 
precipitated  and  the  bifmuth  diflbived.  It  is  a 
ftriking  property  of  the  nitrat  of  bifmuth  to  let 
fall  almoft  the  whole  of  the  metal  in  the  ftate  of 
a fine  white  oxyd  when  drenched  with  water. 
Hence  by  far  the  greater  part  may  be  Separated 
from  lead,  iron,  copper,  Silver  and  cobalt,  with 
which  it  is  more  commonly  alloyed,  by  this 
Simple  method ; the  nitrats  of  thefe  other  metals 
not  being  decompofed  by  large  dilution.  To 
Separate  the  bifmuth  totally,  let  the  clear  liquor 
remaining  over  the  precipitated  oxyd  be  evapo- 
rated to  a very  fmall  bulk,  fo  as  juft  to  hold  in 
folution  the  nitrated  metals,  or  if  part  of  the 
nitrated  lead  cryftallizes  (which  it  will  do  the 
fooneft  of  the  above  nitrats)  dilute  again  with 
juft  water  enough  to  rediflblve  it.  Then  add 
muriatic  acid  by  drops*  as  long  as  any  white 
cloud  appears.  This  fecond  precipitate  confifts 
of  the  remaining  portion  of  oxyd  of  bifinuth 
mixed  with  the  muriat  of  Silver,  if  this  metal 
was  contained  in  the  folution.  Add  a few  drops 
of  ftrong  nitric  acid  to  this,  which  will  diffolve 
the  bifmuth  and  leave  the  Silver,  and  again 
drench  this  fecond  portion  of  nitrated  bifmuth 
with  water,  which  will  now  feparate  the  whole. 
Hence  the  obftacle  to  the  total  precipitation  of 
the  bifmuth  in  the  firft  inftance  appears  to  be 
the  great  dilution,  for  the  remaining  portion  is 
obtained  by  again  making  a concentrated  folu- 
tion. It  may  be  worth  obferving  that  as  the 
muriat  of  Silver  very  Speedily  turns  of  a flate 
colour  when  expofed  to  light,  this  trial  Should 
at  firft  be  made  with  the  precipitate  by  muriatic 
acid,  and  if  the  pure  full  white  is  not  altered, 
it  is  a proof  that  no  Silver  is  contained,  and  the 
white  precipitate  may  then  be  fet  down  as  oxyd 
Klaproth. 
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of  bifmuth  arid  added  to  the  firft  quantity. 
According  to  Klaproth  loo  grains  of  metallic 
bifmuth  make  123  grains  of  the  white  oxyd, 
whence  this  oxyd  is  compofed  of  81.3  per  cent, 
of  bifmuth  and  18.7  of  oxygen.  The  bifmuth 
and  filver  being  thus  difpofed  of,  the  nitrated 
folution  now  contains  chiefly  lead,  with  perhaps 
force  iron,  copper  and  cobalt,  which  are  ob- 
tained feparate  in  the  way  defcribed  under  thefe 
refpedtive  metals. 

Bismuth  when  pure  is  a white  metal  with  a 
little  tint  of  red,  fo  brittle  as  to  be  readily  re- 
ducible to  powder,  very  brilliant  in  its  fra&ure, 
and  with  a difpofition  to  the  octahedral  form. 
Its  fpecific  gravity  is  9.822.  It  does  not  readily 
tarnifh,  except  expofed  to  any  fulphureous  va- 
pours, but  when  long  expofed  to  air  aflumes  a 
pale  violet  colour.  It  is  extremely  fufible,  melt- 
ing at  about  460®,  that  is,  long  before  it  is  red 
hot.  When  heated  very  intensely  in  clofe  vef- 
fels  it  fublimes  unaltered  and  cryftallized  in 
plates. 

Bifmuth  is  of  all  the  metals  the  moft  eafy  to 
cryftallize  artificially,  and  this  experiment  is 
highly  beautiful.  A quantity  of  it  (the  more 
the  better)  melted  in  a crucible,  flowly  cooled 
till  the  furface  and  fides  begin  to  folidify,  and 
then  inverted  fo  as  to  pour  out  the  middle,  which 
is  yet  fluid,  will'feldom  fail  to  exhibit  in  the 
hollow  left  by  the  fluid  metal,  very  fine  cubic 
cryftals  of  confiderable  fize.  Or  better  in  the 
following  way : bore  a large  hole  through  the 
bottom  of  a crucible  and  plug  it  up  with  a piece 
of  iron,  fill  this  crucible  with  bifmuth,  inclofe 
it  in  another  with  fand  interpofed,  and  heat  the 
whole  red  hot,  covering  the  inner  crucible. 
Remove  both  together  from  the  fire,  and  let 
the  metal  cool  gradually  till  it  is  crufted  over  at 
top,  then  lift  the  inner  crucible  out  of  the  fand, 
draw  out  the  iron  plug  (which  will  require 
pretty  ftrong  pincers)  and  allow  the  ftill  fluid 
metal  to  flow  through  the  hole.  If  well  ma- 
naged, and  if  fome  pounds  of  bifmuth  be  ufed, 
remarkably  beautiful  cryftals  will  thus  be  pro- 
duced. 

Bifmuth  alfo  cryftallizes  in  very  perfect  cubes 
from  its  folution  in  Mercury.  A Angularly 
fluid  amalgam  is  produced  by  mixing  equal  parts 
of  amalgam  of  bifmuth  with  amalgam  of  lead 
(each  compofed  of  equal  parts  of  mercury  and 
; the  other  metal),  -and  from  this,  wrhich  is  nearly 
1 as  fluid  as  running  mercury,  the  bifmuth  cryf- 
-tallizes.by  repofe. 

When  bifmuth  is  kept  at  a low  red  heat  with 
full  accefs  of  air,  the  lurface  is  gradually  con- 
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verted  into  a dull  grey  oxyd.  By  fkimming  it 
olF  and  expofing  frefh  furfaces,  the  whole  is 
thus  changed.  A hundred  parts  of  the  metal 
were  repeatedly  found  by  Geoflroy  k to  acquire 
10  parts  in  weight  by  this  procefs,  fo  that  100 
parts  of  this  oxyd  would  confift  of  90.9  of 
metal  and  9. 1 of  oxygen.  With  a moderately 
ftrong  fire  this  melts  into  a greenifh  yellow 
glafs.  If  bifmuth  is  very  -ftrongly  heated,  as 
on  the  blowpipe,  efpecially  with  oxygen  gas, 
or  thrown  into  a crucible  white-hot,  it  takes 
fire  and  burns  with  a bluifh  flame  and  a denfe 
fmoke,  which  quickly  fettles  on  the  furrounding 
cooler  bodies  in  the  form  of  a yellowifh  powdery 
oxyd.  This  deflagration  is  remarkable  when 
bifmuth  is  ufed  with  filver  in  aflaying,  inftead 
of  lead,  and  the  heat  is  railed  too  fuddenly : it 
then  fuddenly  fpirts  out  on  every  fide  globules, 
which  burn  with  a very  brilliant  flame  within 
the  muffle.  Bifmuth  alfo  burns  very  well  with 
a whitifh  blue  flame  when  thrown,  finely  pow- 
dered, into  a flafk  of  oxymuriatic  acid  gas.  The 
oxyd  of  bifmuth  by  heat  may  be  prepared  with 
a proper  fubliming  veflel,  allowing  a fuffleient 
current  of  air  upon  the  ftrongly  heated  metal. 
This  fublimed  oxyd  is  no  further  volatilizable 
by  any  heat,  but  readily  melts  (like  the  grey 
oxyd)  into  a yellowifh  green  glafs.  When 
melting  it  afts  a little  on  the  crucible,  but  not 
nearly  with  the  fame  energy  as  the  vitreous  oxyd 
of  lead.  It  does  not  give  a glafs  of  much  body 
of  colour  when  fufed  with  vitrefeent  mixtures. 
It  does  not  appear  quite  certain  from  any  accu- 
rate experiments  whether  there  exifts  more  than 
one  ftate  of  Ample  oxidation  of  bifmuth  by 
heat,  but  as  Geoffroy  eftimates  an  increafe  of 
10  in  100  of  metal  by  calcination,  it  is  pro- 
bable that  the  oxyd  when  fufed  does  not  contain 
more  than  this  proportion,  and  would  therefore 
be  compofed  of  90.9  of  metal  and  9.1  of  oxy- 
gen ; whilft  the  oxyd  by  nitrous  acid,  according 
to  Klaproth,  confifts  of  81.3  of  bifmuth  and 
18.7  of  oxygen.  The  fublimed  oxyd  or  flowers 
perhaps  approaches  more  to  the  latter  ftate  of 
oxygenation. 

The  fulphuric  acid  has  no  action  on  bifmutlv 
in  the  cold,  in  whatever  ftate  of  concentration, 
but  at  a boiling  heat  the  ftrong  acid  partly  dif- 
folves,  and  partly  oxidates  the  metal,  giving  out 
fulphureous  acid  gas  and  fome  fulphur.  If  the 
acid  be  diftilled  off  nearly  to  drynefs,  on  cooling 
there  are  found  lying  on  the  oxyd  a number  of 
fmall  feathery  cryftals  of  fulphat  of  bifmuth. 
A fmall  addition  of  hot  water  diffolves  out  thefe 
cryftals,  which  are  again  moftly  depofited  on 
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cooling.  A large  quantity  of  cold  water  decom- 
pofes  the  fulphat  as  well  as  the  nitrat,  and  gives 
a copious  white  precipitate. 

The  a£lion  of  the  nitric  acid  on  bifmuth  has 
been  mentioned  in  the  analyfis.  It  is  extremely 
vehement  when  the  acid  is  at  all  concentrated, 
and  attended  with  a copious  emiffion  of  red 
nitrous  vapour.  The  ftrong  acid  only  oxidates 
the  bifmuth,  a fmall  dilution  is  requifite  to  hold 
much  of  it  in  folution.  The  nitrat  cryftallizes 
by  flow  evaporation. 

The  oxyd  precipitated  from  the  nitrat  by 
water  has  long  been  ufed  as  a cofmetic  on 
account  of  its  exquifite  whitenefs,  but  much 
care  is  required  to  give  the  preparation  its  moll 
faleable  excellence.  It  is  the  balls  of  the  Fard 
or  blanc  de  Fard.  The  chief  precautions  requi- 
fite appear  to  be  the  purity  of  the  water,  and 
great  perfeverance  in  walhing  and  edulcorating 
the  precipitate  Artifts  dillinguilh  two  forts  of 
biftnuth-white  ; the  blanc  defardy  which  is  a fine 
powder  of  a pure  dead  white  ; and  the  blanc  de 
per/e,  which  has  a very  beautiful  gliftening  ap- 
pearance very  like  the  lullre  of  pearls.  The  exa£l 
way  of  preparing  this  laft  is  kept  a fecret,  but  it 
is  probably  made  by  ufing  the  muriatic  acid  much 
diluted  as  the  precipitant  inftead  of  pure  water, 
for  a brilliant  pearly  white  is  given  by  this 
method.  Some  employ  the  mtro-muriatic  acid, 
carefully  freed  from  all  admixture  of  the  ful- 
phuric,  as  the  folvent  for  the  bifmuth. 1 

Muriatic  acid  a£ls  on  bifmuth  only  when  hot 
and  highly  concentrated.  A fetid  hydrogenous 
gas  is  given  out  during  the  folution.  The  oxyd 
is  more  foluble.  Muriat  of  bifmuth  cryftal- 
lizes in  long  needles  : it  is  decompofed  by  much 
water,  as  well  as  the  nitrat.  This  fait  when 
evaporated  to  drynefs  and  diftilled  per  fey  gives 
a thick  fublimed  buttery  which  is  eafily  fufible 
at  a gentle  heat,  and  almoft  totally  decompofable 
by  water. 

If  the  oxyd  of  bifmuth  is  rubbed  with  mu- 
riated  ammonia,  a fmell  of  volatile  alkali  is 
immediately  perceivable,  and  by  heat  all  the 
ammonia  is  expelled,  and  a muriat  of  bifmuth 
remains  which  readily  fublimes  by  heat. 

The  oxygenized  muriatic  acid  diflolves  bif- 
muth or  its  oxyd  very  readily.  In  the  gas  the 
metal  burns  with  a blue  flame,  as  already  men- 
tioned. The  fait  remaining  after  the  a&ion  of 
this  acid  is  the  buttery  by  fome  termed  the  oxy- 
muriat  of  bifmuth y but  the  precife  action  of  this 
acid,  and  the  difference  between  the  cryftal- 
lized  muriat  and  the  butter  are  not  exactly 
known.  The  butter  is  alfo  produced  by  diftilling 


equal  parts  of  bifmuth  and  corrofive  mercurial 
muriat. 

The  phofphoric  acid  a&s  but  little  on  bif- 
muth, but  diflolves  its  oxyd  without  difficulty  into 
a white  faline  mafs  very  little  foluble  in  water. 
13y  heat  this  melts  into  an  opake  white  glafs. 

Acetous  acid  diflolves  the  oxyd  though  with 
difficulty  and  only  in  fmall  quantity.  This 
folution  is  not  precipitated  by  water. 

Many  of  the  other  acids  diffolve  the  oxyd  of 
bifmuth,  but  with  no  appearance  worth  re- 
mai'king. 

In  general  it  may  be  obferved  that  the  folu- 
tiens  of  this  metal  do  not  give  a faline  precipi- 
tate with  the  fulphuric  and  fome  other  acids, 
as  the  folutions  of  lead  and  fome  of  the  other 
white  metals  do,  and  when  any  precipitate  is 
formed  it  is  merely  the  oxyd.  Hence  thefe 
acids  decompofe  the  folution,  probably  merely 
on  account  of  the  water  with  which  they  are 
mixed.  Thus  dilute  muriatic  and  dilute  ful- 
phuric acid  precipitate  only  a white  oxyd  of 
bifmuth  from  the  nitrous  folution,  and  not  a 
muriated  or  fulphated  oxyd,  as  would  happen 
with  the  nitrats  of  lead,  filver,  &c.  and  the 
concentrated  acids  give  no  precipitated  oxyd  at 
all.  This  circumftance  is  of  great  ufe  in  analyfis, 
in  feparating  bifmuth  from  other  metals.  All 
the  falts  of  bifmuth  when  in  ‘folution  have  an 
excefs  of  acid. 

The  carbonated  alkalies  precipitate  from  all 
the  acid  folutions  of  bifmuth  a white  carbonated 
oxyd  of  bifmuth. 

Neither  the  fixed  nor  the  volatile  alkalies  a£l 
upon  bifmuth,  but  in  fome  degree  upon  the 
white  oxyd.  This  latter  boiled  with  cauftic 
potafh  or  foda,  is  diflolved,  though  not  in  a 
large  proportion.  Ammonia  a£ts  with  more 
eafe  and  without  heat.  If  this  alkali  is  dropped 
into  nitrated  bifmuth,  it  firft  precipitates  an 
oxyd  which  it  afterwards  rediflolves.  ’ 

Bifmuth  unites  eafily  with  fulphur  by  fufion. 
The  fulphuret  thence  refulting  is  a black  brittle 
mafs,  requiring  more  heat  to  melt  it  than  the 
reguline  bifmuth.  Three  parts  of  bifmuth  in 
powder,  mixed  with  one  of  flowers  of  fulphur 
and  melted  in  a covered  crucible,  give  a com- 
pound much  refembling  the  native  fulphuret, 
and  if  poured  out  when  nearly  cooled,  fix-fided 
prifmatic  cryftals  are  found  on  the  fides  of  the 
crucible,  proje&ing  into  the  cavity  left  by  the 
lofs  of  the  fluid  part.  The  fulphur  is  eafily 
feparated  by  nitric  acid.  The  fulphuretted 
alkalies  alfo  combine  readily  with  bifmuth.  If 
any  of  thefe  is  poured  into  an  acid  folution  ol 
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bifmuth,  a mutual  decompofition  takes  place, 
and  a black  hydrofulphuretted  fulphuret  of  bif- 
muth is  precipitated.  Sulphuretted  hydrogen 
added,  either  in  gas  or  diffolvcd  in  water,  to 
the  folutions  of  bifmuth,  inltantly  blackens  them 
and  precipitates  a hydrofulphuret  of  bifmuth. 
A fympatketic  Ink  is  made  by  this  method,  which 
is  colourlefs  till  expofcd  to  lulphureous  vapours, 
which  immediately  blacken  the  characters  writ- 
ten with  the  bifmuthic  folution.  The  white 
oxyd  alfo  quickly  becomes  of  a dirty  brown 
when  expofed  to  fulphureous  vapours  even  in  a 
very  fmall  degree,  and  hence  its  ufe  as  a cof- 
metic  is  liable  to  fome  inconveniencies. 

Phofphorus  can  fcarccly  be  made  to  unite 
with  bifmuth,  and  in  fo  fmall  a quantity  as  not 
fenfibly  to  alter  the  natural  appearance. 

The  fat  oils  -when  melted  difiolve  the  oxyd 
of  bifmuth  with  great  eafe  and  form  a thick 
plaftery  mafs,  as  with  the  oxyd  of  lead. 

Bifmuth  unites  more  or  lefs  readily  with  moft 
other  metals,  and  fome  of  thefe  alloys  are 
remarkable  for  their  extreme  fufibility.  Sir 
Ifaac  Newton’s  fufible  metal  is  compofed  of  8 
parts  of  bifmuth,  5 of  lead  and  3 of  tin,  and 
when  this  is  thrown  into  water  and  heat  applied 
it  aClually  melts  a little  before  the  water  has 
reached  the  boiling  point.  No  other  alloy  (ex- 
cept the  amalgams,  one  conftituent  of  which 
is  naturally  fluid)  poffeffes  this  degree  of  fufi- 
bility. Many  experiments  have  been  made  by 
D’Arcet  m on  the  fufibility  of  alloys  made  with 
different  proportions  of  thefe  three  metals.  In 
all,  the  alloy,  if  it  did  not  aCIually  melt,  at 
leaft  became  foft  and  pafty  at  the  heat  of  boil- 
ing water,  but  the  proportions  above  given  pro- 
duce the  moft  perfeft  fufion.  It  is  requifite 
that  the  bifmuth  be  about  equal  in  weight  to 
both  the  other  two  metals,  but  the  proportions 
of  thefe  latter  will  admit  of  great  variation. 
Bifmuth  and  lead,  or  bifmuth  and  tin  alone 
in  any  proportion  will  not  foften  in  boiling 
water.  Thefe  alloys  are  rnoftly  white,  per- 
fectly brittle,  and  tarnilh  with  great  readinefs. 
When  melted,  even  under  water,  they  direCtly 
become  covered  with  a Ikin  of  oxydated  metal, 
and  when  calcined  in  the  open  air,  this  oxyd 
forms  with  great  rapidity,  and  the  metal  beneath 
conftantlybecomes  lefs  and  lefs  fufible.  This  alloy 
is  not  commonly  put  to  any  ufe,  but  a fimilar 
though  lefs  fufible  compofition  has  been  in- 
genioufly  applied  as  the  material  of  the  fafety- 
plug  to  a fteam-boiler  for  mechanical  purpofes." 

Bifmuth  is  a metal  very  little  ufed.  It  enters 


into  the  compofition  of  fome  of  the  foft  folders, 
but  is  fcarcely  employed  in  any  other  way. 
The  white  oxyd  is  ufed  in  perfumery,  apd  a 
little  in  medicine  with  apparent  advantage.  It 
furnifhes  two  amufing  fympathetic  inks,  one  as 
a hydrofulphuret,  already  mentioned,  the  other 
by  precipitation  of  the  nitrat  by  means  of  water. 
If  characters  be  written  with  a moderately  dilute 
nitrat  they  will  dry  invifible,  but  on  wetting 
the  paper  the  feparation  of  the  oxyd  from  the 
nitrat  will  exhibit  the  writing  in  denfe  white 
marks. 

The  affinities  of  oxyd  of  bifmuth  in  the  moiff 
way,  in  a moderate  heat  are — the  gallic,  oxalic, 
arfenic,  tartareous,  phofphoric,  fuiphuric,  nitric, 
muriatic,  fluoric,  fuccinic,  citric,  acetic,  car- 
bonic, and  pruflic  acids,  and  ammonia. 

BITTER  EXTRACT.  See  Extract  Vege- 
table. 

BITTER  PURGING  SALT,  or  Epfcmfalt. 
See  SuLphat  of  Magnejia. 

BITTERS  ALT  Native.  Nattn-liches  bitter- 
falz,  Haarfalz.  Magnefic  fulfatee  of  Uauy. 

Its  colour  is  greenifh  white,  greyifh  white  or 
fmoak-grey.  It  occurs  fometimes  earthy,  fome- 
times  in  mafs,  and  often  in  capillary  cryftals. 
When  earthy  it  is  without  luftre,  but  when 
cryftallized  it  has  a confiderable  degree  of 
luftre  between  filky  and  vitreous.  Its  longi- 
tudinal fraCture  when  in  mafs  is  curved  or  radi- 
ated fibrous : it  is  tranflucid,  very  eafily  broken, 
and  has  an  acerb  bitter  tafte.  It  confifts  of  ful- 
phat  of  magnefia,  more  or  lefs  mixed  with 
iron  and  alumine,  and  probably  a little  fulphat 
of  alumine. 

It  is  found  on  the  furface  of  decompofing 
argillaceous  fchiftus  and  fome  kinds  of  lime- 
ftone.  The  hair-falt  found  in  the  mercury 
mines  of  Idria,  by  Scopoli,  and  fuppofed  by 
fome  to  be  a fulphat  of  zinc,  by  others  to  be  a 
variety  of  plumofe  alum,  is  proved  from  the 
analyfis  of  Klaproth  0 to  be  fulphated  magnefia 
with  lefs  than  1 per  cent  of  oxyd  of  iron. 

BITTERSPATH.  Rautenfpath.  p Muricalcite 
of  Kirwan.  Chaux  carbonate e magneffere,  Hauy. 
Spath  magneftefiy  Brochant.  Bitterfpath,  Miemite 
and  Prifmatic  bitterfpath  of  Klaproth. 

The  colour  of  this  mineral  is  greyifh  or 
greenifh  white,  pafling  into  afparagus  green ; 
or  yellowifh  pearl-grey  paffing  into  light  ochre 
and  pale  honey  yellow  and  yellowifh  brown. 
It  occurs  diffeminated  or  cryftallized,  in 

1.  Rhomboids  either  perfect  or  truncated  at 
the  folid  angles  (bitterfpath.) 


* Journ  de  Pbyf.  tom.  9.  " By  Mr.  Wood,  of  Burflem,  Staffordlhire.  0 Analyt.  Eff.  ji.  p.  80, 

p Emmerling,  Jainefon,  Klaproth’s  Awalyt.  Eff,  i.  p.  aj6.  ii.  p.a33- 


S 2 


BIT 


BIT 


( 140  ) 


2.  Short  fomewhat  oblique  tetrahedral  prifms, 
often  bevilled  at  the  edges  (ftanglicher  bitterf- 
path.) 

3.  Comprefled  hexahedrons  (miemite.) 

The  cryftals  are  fmall,  and  very  fmall,  or 

middle-fized.  The  internal  luftre  of  bitterfpath 
is  brilliant,  between  vitreous  and  pearly  : the 
fra&ure  is  curved  or  ftrait  foliated,  palling  in 
the  prifmatic  variety  into  fplintery : the  frag- 
ments in  the  firft  variety  are  rhomboidal,  in  the 
others  they  are  indeterminately  angular.  It  is 


tranfparent  or  femitranfparent,  in  hardnefs  equaL 
to  fluor,  brittle  and  eafdy  frangible.  Sp.  gr. 
2-48  to  2.88. 

It  is  infufible  before  the  blowpipe  without 
addition,  diflolves  in  nitrous  acid  flowly,  and 
with  fcarcely  any  effervefcence  ; when  expol'ed 
to  a red  heat  it  does  not  decrepitate  but  becomes 
of  a brownilh  yellow  colour,  opake  and  foft. 
We  poffefs  four  analyfes  of  this  i'ubftance,  and 
all  by  Klaproth. 


Carbonat  of  lime  - - - - 

■ of  magnefia  - - - 

Oxyd  of  iron  and  manganefe 


Bitterfpath  from 

Prifmatic 

Tyrol. 

Sweden. 

bitterfpath. 

Miemite. 

52. 

73- 

60 

53 

45- 

25- 

36-5 

42.5 

3- 

2.25 

4 

3 

100 

100.25 

100.5 

98.5 

Bitterfpath  is  found  in  chlorite  and  other 
talcofe  rocks  at  Brienz  in  Switzerland  and  in 
the  Tyrol,  alfo  at  Taberg  in  Sweden,  and  on 
the  banks  of  Loch  Lomond  in  Scotland.  The 
prifmatic  bitterfpath  is  met  with  in  the  cobalt 
mines  of  Gluckfbrunn  in  the  territory  of  Gotha  5 
and  the  miemite  was  difcovered  by  Dr.Thomfon, 
at  Miemo  in  Tufcany. 

BITUMEN.  a Bitume.  Erdharze. 

The  bitumens  form  a clafs  of  mineral  inflam- 
mables diftinguilhed  by  the  following  properties. 
They  burn  with  a bright  flame  and  much  fmoak, 
leaving  behind  fcarce  any  earthy  relidue.  When 
diftilled  per  fe  they  do  not  afford  either  ammonia 
err  a concrete  acid.  They  are  not  foluble  either 
in  water  or  alcohol.  They  are  not  ignited  by 
nitrous  acid. 

The  molt  convenient  arrangement  of  the 
bitumens  appears  to  be  into  the  liquid,  folid  and 
elaftic.  „ 

Sp.  I.  Liquid  bitumen,  or  mineral  oil. 

Var.  x.  Naphtha.  Naphte.  Bergnaphtha. 

Naphtha  is  either  colourlefs  or  of  a dilute 
yellowilh  wine  colour : it  is  perfectly  fluid  and 
tranfpai'ent ; has  an  oily  luftre  and  is  untftuous 
to  the  touch.  It  has  a penetrating  but  not  dif- 
agreeable  odour.  Specific  gravity  according  to 
Mufchenbroek  0.708;  that  of  the  yellowilh  kind 
according  to  Brilfon  =0.845.  It  does  not 
congeal  at  o°  Fahr. 

By  the  flighted:  contadl  of  a flaming  body, 
naphtha  takes  fire,  and  burns  with  a very  copious 
bluilh  yellow  flame,  a penetrating  odour  and 
much  fmoak.  When  diftilled  the  colourlefs 
kind  palfes  over  unaltered,  the  coloured  leaves 


behind  a fmall  refidue  and  becomes  colourlefs^ 
By  long  expofure  to  the  air  it  is  in  part  volati- 
lized, and  the  refidue  is  hardly  to  be  diftinguilhed 
from  petroleum. 

Naphtha  communicates  part  of  its  aroma  to 
water  and  alcohol,  but  appears  to  be  infoluble 
in  thefe  fluids ; it  corrodes  the  corks  of  bottles 
in  which  it  is  kept ; it  combines  with  ether,  the 
elfential  oils  and  refins.  Pure  ammonia  and 
the  cauftic  fixed  alkalies  unite  with  it  into  a 
favonule  analogous  to  Starkey’s  foap. 

The  addition  of  concentrated  fulphuric  or 
nitric  acid  to  naphtha  caufes  a violent  effer- 
vefcence,  and  converts  it  into  a folid  refinous 
matter,  foluble  in  alcohol. 

The  pureft  European  naphtha  comes  from 
Monte  Ciaro,  near  Piacenza,  in  Italy.  This 
hill  confifts  of  horizontal  beds  of  argillite,  in 
which  pits  are  funk  till  the  water  comes  in,  after 
which  the  naphtha  ouzes  out  of  the  fides  and 
floats  on  the  furface  of  the  water,  whence  it  is 
Ikimmed  off  every  week.b  An  inferior  kind, 
often  pafling  into  petroleum,  is  procured  at 
Monte  Feftino,  not  far  from  Modena,  in  the 
vicinity  of  which  fubterranean  fires  often  break 
out. c 

But  the  moft  copious  fprings  of  naphtha  with 
which  we  are  acquainted  are  at  Baku,  near 
Derbend,  on  the  north-weft  fhore  of  the  Cafpian 
fea.  The  foil  is  a clayey  marl,  ftrongly  effer- 
vefeing  with  acids,  and  fo  thoroughly  impreg- 
nated with  naphtha  that  when  turned  up  to  the 
depth  of  a few  inches  it  will  take  fire  on  the 
application  of  a lighted  candle,  and  continue 
burning  till  it  is  purpofely  extinguilhed;  the 


* Kirwao,  ii.  p,  42,  Brochant,  ii.  p.  59.  Gren,  Syflemat.  Handbuch.  iii.  p.  3.  k Mem.  Sci.  1736.  p.  J?. 

* Ramuzini,  Ad.  Lips.  1699. 
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flame  is  of  a pale  bluifh  yellow,  and  in  calm 
weather  rifes  to  the  heighth  of  feveral  feet.  The 
naphtha  is  procured  by  finking  pits,  into  which 
it  percolates,  and  which  are  emptied  from  time 
to  time.  d 

Naphtha  is  employed  as  an  external  appli- 
cation for  {trains  and  rheumatifm  ; the  Perfians 
and  Ruffians  are  faid  alfo  to  ufe  it  internally  as 
a cordial.  It  enters  alfo  into  the  compofition 
of  fome  varniflies. 

Var.  2.  Petroleum,  mineral  tar,  foffil  tar, 
Barbadoes  tar.  Peirole.  Steimbl. , Erdohl,  Berg- 
ohl. 

The  colour  of  petroleum  is  reddiffi  or  brown- 
iffi-black  ; it  is  more  or  lefs  tranflucid  ; its  con- 
Cftence  varies  according  to  its  temperature ; 
when  warm  it  is  as  fluid  as  common  tar,  but  at 
3 2°  Fahr.  it  becomes  very  vifcid  : it  is  undtuous 
and  clammy  to  the  touch : it  has  a ftrong  dis- 
agreeable odour  and  a pungent  acid  tafte.  Sp. 
gr.  according  to  Briffon  0.878. 

Petroleum  is  confiderably  inflammable,  though 
by  no  means  fo  readily  as  naphtha.  Alcohol 
takes  up  fome  of  its  aroma  and  colouring  mat- 
ter. When  diftilled  with  water  it  cdmes  over 
more  fluid  and  clearer,  approaching  to  naphtha: 
if  diftilled  per  fe  there  firft  rifes  a portion  of 
colourlefs  naphtha,  then  an  acidulous  empy- 
reumatic  watery  liquor,  and  laftly  a thick  brown 
empyreumatic  oil  j a ffiining  coal  remains  in  the 
retort,  which  after  combuftion  leaves  an  earthy 
relidue.  Petroleum  combines  with  the  fat  and 
eflential  oils,  with  the  refins  and  camphor,  and 
by  long  digeftion  diflfolves  fulphur : when  rec- 
tified it  alfo  will  diflolve  caoutchouc.  Sulphuric 
and  nitric  acids  have  the  fame  effett  upon  it  as 
on  naphtha,  but  it  is  fcarcely  at  all  adted  on  by 
the  alkalies. 

At  Kalurck,  in  Gallitzia,  a kind  of  petro- 
leum is  found  of  a brown  colour,  which  merits 
an  accurate  examination,  as  it  was  obferved  by 
M.  Winterl  to  depofit,  by  expofure  to  the  air, 
a quantity  of  acicular  cryftals.  Thefe  cryftals 
from  their  folubility  in  alcohol,  and  their  tinging 
ifs  flame  of  a green  colour,  were  fuppofed  by 
him  to  be  borax.  e 

Petroleum  appears  to  be  found  for  the  moft 
part  in  coal-ftrata,  or  in  fecondary  lime-ftone. 
There  is  a fpring  of  this  fubftance  at  Coalbrook- 
dale,  in  Shropffiire,  originating  from  a ftratum 
of  coal : at  Pitchford,  in  the  fame  county,  is  a 
coarfe-grained  fand-ftone  highly  impregnated 
with  it.  It  is  alfo  found  in  various  parts  of 
France,  Italy,  Swiflerland,  Hungary  and 


Sweden.  A few  miles  from  the  naphtha  wells  at 
Baku,  on  the  Cafpian  fea,  are  fome  very  copious 
fprings  of  petroleum,  ifluing  from  hillocks  of 
the  fame  fubftance  hardened  by  expofure  to  the 
air ; thefe  fprings  fometimes  take  fire,  and  roll 
a flaming  torrent  into  the  fea,  which  floating  on 
its  furface  often  covers  the  water  with  a {licet 
of  fire  to  a confiderable  diftance.  f 

No  country  however  produces  fo  large  a 
quantity  of  petroleum  as  the  Birman  empire  in 
Afia : the  town  of  Rainanghong  is  the  centre 
of  a fmall  diftridl  in  which  there  are  520  wells 
of  petroleum  in  full  adlivity.  The  country  in 
which  thefe  are  fituated  confifts  of  a fandy  loam 
refting  upon  alternate  ftrata  of  ftandftone  and 
indurated  clay ; under  thefe  is  a layer  of  pale 
blue  argillaceous  fchiftus  impregnated  with  pe- 
troleum, of  confiderable  thicknefs  refting  upon 
coal.  The  petroleum  begins  to  flow  into  the 
well  when  it  is  funk  a few  feet  into  the  argil- 
laceous fchiftus,  and  when  it  begins  to  fail  the 
well  is  deepened.  It  is  remarkable  that  no  water 
ever  penetrates  into  thefe  wells.  The  annual 
quantity  of  petroleum  produced  by  the  whole 
diftridb  amounts  to  more  than  400,000  hogf- 
heads.  s 

The  ufes  of  petroleum  where  it  abounds  are 
very  important.  It  ferves  the  lower  clafies 
inftead  of  oil  for  lamps,  and  when  mixed  with 
earth  or  affies  it  anfyvers  the  purpofe  of  fuel. 
A compofition  of  petroleum  and  refin  is  found 
to  be  an  excellent  material  for  covering  wood- 
work and  paying  the  bottoms  of  {hips  and 
boats,  as  it  protedbs  the  timber  from  the  attacks 
of  infedls  or  marine  worms.  Finally,  when 
re&ified  by  diftillation,  it  is  applicable  to  the 
fame  purpofes  as  naphtha. 

Sp.  II.  Solid  Bitumen  or  Mineral  Pitch. 

Var.  1.  Maltha.  Cohefive  mineral  pitch.  Zahes 
trdpech.  _ 

The  colour  of  maltha  is  brownifh  black ; it 
is  opake,  and  has  little  or  no  luftre  ; it  is  tough 
and  foft  fo  as  to  be  impreffed  by  the  nail ; its 
fra&ure  is  uneven  : it  has  a ftrong  difagrceable 
odour,  acquires  a polifh  when  rubbed  or  cut 
with  a knife,  and  does  not  ftain  the  fingers. 
Sp.  gr.  from  1.45  to  2.06  h 

Maltha  when  laid  on  ai  red  hot  iron  imme- 
diately takes  fire  and  burns  with  a large  bright 
flame,  leaving  behind  a fmall  quantity  of  grey 
affies.  According  to  Kirwan  ‘ it  confifts  of 
bitumen  mixed  with  about  8 per  cent  of  carbon 
and  a little  earth.  It  pafl'es  into  the  following 
variety. 


* Hi!t.  des  deeouvertes  Ruffes,  ii.  p.  215.  • Crell’s  Chini,  anal.  1788  p.493.  Journ.  tie  Phyf.  xl  p-3Ij. 

t Han  way's  Truv,  i.  p.  263.  f Cox  in  Afiat.  Refeargies,  vi.  b Kirwan  Mineral,  ii.  p 43.  ' Ibid.  p.  322. 


B I T ' 


BIT 


( 142  ) 


Var.  2.  Afphalt,  Jews’  pitch.  Afphalte , Bi- 
tume  folide  Hauy.  Schlachiges  crdpech. 

TJie  colour  of  afphalt  is  brownilh  black,  rarely 
pure  black : it  occurs  in  mafs,  or  difleminated 
or  fuperficial  or  (laladlitie : its  fradlure  is  fmall 
conchoidal  with  a brilliant  refinous  luftre  : it  is 
opake,  fmooth  and  foraewhat  unctuous  to  the 
touch ; does  not  flam  or  adhere  to  the  fingers ; 
• is  brittle  and  very  eafily  broken.  It  gives  out 
when  rubbed  a flight  bituminous  odour.  Sp.  gr. 
1.07  to  1.65,  according  to  Kirwan. 

Afphalt  when  laid  on  a hot  iron  readily  takes 
fire,  and  burns  with  a yellow  flame  and  copious 
fmoak,  it  fvvells  but  does  not  properly  melt ; 
after  the  flame  has  ceafed  there  remains  a light 
fpungy  coal,  which  by  further  combuftion  dif- 
appears,  leaving  a fmall  quantity  of  allies. 

By  dry  diftillation  afphalt  yields  carburetted 
hydrogen  gas,  a light  brown  oil,  or  naphtha, 
and  a little  water  (lightly  impregnated  with 
ammonia : what  remains  in  the  retort  is  a finning 
coal  of  an  iron  grey  colour,  containing  charcoal, 
a little  earth  with  oxyd  of  iron,  and  lometimes 
of  manganefe. 

too  grains  of  Albanian  afphalt  yield  by  this 
treatment,  according  to  Klaproth,  k 

3 6 cubic  inches  of  carburetted  hydrogen  gas, 

32  grains  bituminous  oil, 

6 —water  (lightly  impregnated  with 

ammonia, 

3 o t ■ — «-■ charcoal, 

7.5  — filex, 

4.5  alumine, 

0.75 lime, 

1.25 oxyd  of  iron, 

0.5 oxyd  of  manganefe. 

According  to  Kirwan’s  experiments  of  com- 
buftion by  nitre,  afphalt  contains  3 1 per  cent, 
of  carbon. 1 

Alcohol  has  no  a&ion  on  afphalt,  but  the 
fat  and  eflential  oils  and  ether,  with  fome 
difficulty  effeft  a folution  of  it.  The  bed  fol- 
vent  however  for  this  fubftance  is  refilled 
petroleum  or  naphtha  •,  five  parts  of  this  will 
iake  up  in  the  cold  one  part  of  afphalt,  forming 
a faturated  folution  of  a deep  black  colour, 
which  upon  evaporation  leaves  the  afphalt  in  the 
form  of  a blackifti  brown  Alining  varnifii.  The 
mineral  acids  have  little  or  no  adfion  on  afphalt, 
and  the  cauftic  fixed  alkalies,  even  when  boiled 
upon  it,  are  incapable  of  diflolving  it.  m 

Afphalt  is  found  at  Morsfeld  in  the  Palatinate, 
Neufchatel  in  Swiflerland,  in  large  ftrata  at 


Avlona  in  Albania : it  is  found  plentifully  in  ’ 
detached  pieces  on  the  fhores,  or  floating  on  the  • 
furface  of  the  Dead  Sea  in  Judea,  hence  called 
the  Afphaltic  lake.  It  abounds  alfo  in  the 
iflands  of  Barbadoes  and  Trinidad  in  the  Welt 
Indies.  In  the  latter  of  thefe  iflands  there  is  a 
remarkable  round  plain  about  three  miles  in 
circumference,  called  the  Tar  lake , confiding 
entirely  of  a ftratum  of  afphalt.  From  its  colour 
and  flatnefs  it  has  the  appearance  at  a little  dis- 
tance of  a lake  of  water,  but  on  a nearer  ap- 
proach it  is  obferved  to  be  divided  in  every 
direction  by  deep  creeks  from  four  to  fix  feet 
wide,  and  generally  full  of  water.  The  con- 
fidence and  general  appearance  of  tlie  afphalt 
is  that  of  pit  coal,  only  the  colour  is  rather 
greyer : it  is  very  brittle  and  breaks  into  fmall 
cellular  glofly  fragments : fome  of  the  more 
elevated  parts  of  the  furface  are  covered  with  a 
thin  brittle  fcoria.  The  thicknefs  of  the  ftratum 
is  unknown.  When  it  is  cut  into  with  an  axe 
to  the  depth  of  a foot,  it  is  fofter  and  cohefive, 
and  full  of  minute  cells  containing  an  oily  fluid: 
a piece  of  this  held  to  a candle  makes  a crack- 
ling noife,  emitting  fmall  fparks  with  a vivid 
flame,  but  the  combuftion  ceafes  the  moment 
that  the  candle  is  withdrawn.  When  put  into 
the  fire  it  boils  up  for  a long  time  without  dif- 
fering much  diminution,  and  after  a continued 
heat  the  furface  burns  and  forms  a fcoria, 
underneath  which  the  reft  remains  in  a femifluid 
(late.  A gentle  heat  renders  it  dudlile,  and 
when  mixed  with  greafe  or  common  pitch  it  is 
ufed  for  paying  the  bottoms  of  (hips,  and  is 
fuppofed  to  protedf  them  from  that  peft  of  the 
Weft  Indian  feas,  the  teredo  or  borer.  “ 

The  ufes  of  afphalt,  befides  that  already  men- 
tioned, are  as  a varnifti,  and  an  eflential  part  of 
the  beft  wax  or  varnifii  for  the  ufe  of  engravers. 
Afphalt  is  often  fophifticated  by  mixture  with 
common  pitch : it  may  however  be  readily  dif- 
tinguifiied  from  this  latter,  by  having  little  or 
no  fmell,  by  its  not  adhering  to  the  fingers,  by 
its  fuperior  luftre  and  minute  conchoidal  frac- 
ture, by  its  burning  without  becoming  fluid, 
and  by  its  infolubility  in  alcohol. 

Sp.  III.  Elaftic  Bitumen  0 or  Mineral  Caout- 
chouc. Pois  mineral  Elajlique.  Klajhches  erdpcch. 

Var.  1.  Compact  mineral  Caoutchouc. 

The  colour  of  this  fubftance  is  yellowifli  or 
reddiffi-brown,  hyacinth-rcd,  olive  brown  and 
blackifti  brown.  It  occurs  maffive,  or  mamillary, 
or  ftaladUtic,  or  in  globular  diftintft  concretions. 


k Analyt.  FIT.  ii.  p.  253.  1 Mineralog.il.  p.  523.  * Klaproth  Analvt.  EfT.  ii.  p 254. 

-*  Andcrfon  in  Phil.  Tjanf.  vol  lxxix.  p.  6 5.  ° Brochant,  Hatchet  in  Lijin.  Tranf.  fauj.  Si.  Fond,  in  Ann. 

du  Mufcum  National,  No.  4. 
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It  Is  fometimes  vifcid  and  adhering  to  the 
fingers,  but  generally  more  or  lefs  elaftic  pafling 
into  brittle,  in  which  laft  ftate  it  is  fcarcely  to 
be  diftinguifhed  from  afphalt : its  colour  be- 
comes dark  nearly  in  proportion  to  its  hardnefs. 
It  is  tranflucent  or  tranflucent  only  at  the  edges  : 
lias  a fomewhat  un&uous  feel,  and  a flightly 
bituminous  colour.  Sp.  gr.  0.905  to  1.233. 

Mineral  caoutchouc  burns  readily  with  a 
large  flame  and  much  fmoak : when  expofed  to 
a gentle  heat  it  melts,  and  is  converted  into 
petroleum  or  maltha,  or  afphalt,  according  to 
its  previous  confiftence. 

Re£tified  petroleum  when  digefted  upon  this 
fubftance  acquires  a bright  yellow  colour,  and 
caufes  the  bitumen  to  fwell  and  become  tranf- 
parent,  but  produces  no  other  change : it  is 
inalterable  in  oils  and  ether,  and  even  when 
digefted  for  a long  time  with  boiling  nitric  acid 
or  cauftic  potafh : after  having  been  melted 
however  it  exhibits  the  fame  chemical  properties 
as  petroleum,  p 

Mineral  caoutchouc  has  hitherto  been  found 
only  in  the  Odin-mine  near  Caftleton  in  Derby- 
fhire,  in  fecondary  limeftone  accompanied  by 
calcareous  fpar,  fluor,  blende,  galena,  pyrites 
and  afphalt. 

Var.  2.  Suberiform  mineral  Caoutchouc. 

Its  colour  is  that  of  cream  or  pale  ochre,  but 
by  expofure  to  the  air  it  becomes  of  a pale 
reddifh  brown  colour : its  texture  is  very  mi- 
nutely cellular  like  cork,  and  in  the  cells  (accord- 
ing to  St.  Fond)  is  often  contained  an  empy- 
reumatic  acidulous  liquor  j by  fpontaneous  de- 
compofition  it  becomes  friable  and  pulverulent ; 
it  is  opake,  moderately  elaftic,  and  has  an  odour 
like  that  of  leather.  Sp.  gr.  0.974  to  0.988. 

This  fubftance  is  not  fo  readily  inflammable 
as  the  preceding  variety,  and  when  applied  to  a 
lighted  candle  crackles  as  if  it  contained  water. 
In  its  other  properties  it  refembles  the  compa£l 
mineral  caoutchouc. 

It  is  found  in  a rivulet  near  the  Odin-mine, 
in  nodules  and  detached  pieces,  which  upon 
being  cut  into  often  prefent  a nucleus  of  com- 
pa&  caoutchouc,  paffing  by  infenfible  degrees 
to  the  prefent  variety. 

The  elaftic  bitumen  appears  to  be  only  a 
peculiar  modification  of  petroleum  in  its  paflage 
to  afphalt,  and  in  all  probability  owes  its  elaf- 
ticity  to  the  moifture  with  which  it  is  combined 
and  to  its  cellular  texture.  It  will  perhaps  on 
further  inveftigation  be  found  to  differ  in  little 
or  nothing  from  the  cellular  afphalt  of  Trinidad. 

On  account  of  the  infolubility  of  mineral 
p Klaproth.  Analyt.  E1T.  ii. 


caoutchouc  there  exifts  no  proper  analyfis  of  it; 
from  the  refults  of  its  diftiilation  and  the  in- 
cineration of  the  coaly  refidue  it  appears  that 
100  grains  afford  q 

38  cubic  inches  carburetted  hydrogen  gas, 
4 carbonic  acid  gas, 

73  grains  bituminous  oil, 

1.5  acidulous  water, 

6.25 charcoal, 

2.  lime, 

1.5  filex, 

0.75 oxyd  of  iron, 

0.5  fulphat  of  lime, 

0.25 alumine. 

All  the  bitumens  appear  to  be  of  vegetable 
origin,  but  for  further  remarks  on  this  fubje& 
fee  Coal. 

BITUMINOUS  SHALE.  See  Clay  (Slaty.) 
BITUMINOSER  MERGELSH1EFER. 
See  Marl. 

BITUMINOUS  WOOD.  See  Coal. 
BLACK-JACK.  See  Zinc. 

BLACK-LEAD.  See  Graphi.t. 

BLACIC-WADD.  See  Manganese. 

BLEACHING.  BlanehiJJage,  Fr.  Bleichen, 
Germ. 

The  procefs  of  bleaching  confifts  of  a feries 
of  operations,  partly  chemical  and  partly  me- 
chanical, to  which  vegetable  and  animal  fibres 
are  fubje£ted  for  the  purpofe  of  difeharging 
their  natural  colour,  and  thus  rendering  them 
white,  either  before  or  after  they  have  been 
manufactured.  Now  as  almoft  all  the  articles 
of  cloathing  are  formed  of  vegetable  or  animal 
fibres,  and  as  thefe  are  for  the  moft  part  required 
to  be  made  as  white  as  poflible,  either  to  be 
worn  in  this  ftate,  or  as  preparatory  to  being 
dyed  or  printed,  it  is  obvious  that  the  art  cf 
bleaching  is  one  of  great  importance.  We  fhall 
therefore  ftate  as  minutely  as  is  confident  with 
the  plan  of  this  work  the  various  methods  of 
bleaching  that  have  been  put  in  pra£iice,  and 
endeavour  to  explain  the  reafon  of  their  more 
or  lefs  perfect  fuccefs. 

The  fubftances  upon  which  the  bleacher  is 
required  to  exercife  his  art  are  cotton,  flax, 
hemp,  wool  and  filk.  The  three  former  being 
of  vegetable  origin  require  a fomewhat  fimilar 
treatment,  which  in  many  particulars  differs 
from  that  which  is  applicable  to  the  two  latter. 

In  order  to  form  a corre£I  idea  of  the  rationale 
of  the  various  bleaching  proceffes,  it  is  neceffary 
to  enquire  into  the  nature  of  the  colouring  matter. 
It  is  to  be  regretted  however  that  our  information 
on  this  head  is  by  no  means  fo  accurate  aS  its 
1.  83.  ’ Ibid,  p.  87. 
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importance  requires.  Mr.  Kirwan  indeed  has 
made  us  acquainted  with  the  properties  of  the 
colouring  matter  of  linen,  and  for  want  of 
fimilar  experiments  on  hemp  and  cotton,  we 
mull  be  fatisfied  for  the  prefent  with  concluding 
'■from  analogy  that  the  colour  of  thefe  and  all 
other  vegetable  fibres  refides  in  afubftance  of 
nearly  the  fame  properties  as  is  found  in  linen. 

Mr.  Kirwan’s  method  of  procuring  the  colour- 
ing matter  was  by  adding  diluted  muriatic  acid 
to  an  alkaline  ley,  which  had  been  faturated  with 
colouring  matter  by  being  boiled  with  brown 
linen  yarn.  * A copious  flocculent  fediment 
was  thrown  down,  which  when  walhed  and 
drained  on  the.  filter  was  of  a dark  green  colour 
and  .a  foft  clammy  confiftence  like  moift  clay. 
By  being  further  dried  it  became  of  a fhining 
.black  and  fomewhat  brittle,  and  when  placed 
on  a red-hot  iron  it  burned  with  a yellow  flame 
and  black  fmoak,  leaving  a fmall  coally  refidue. 
The  frefli  precipitate  appeared  to  be  entirely 
infoluble  in  boiling  water,  or  linfeed  oil  or  the 
efiential  oil  of  turpentine.  To  rectified  alcohol 
it  communicated  a reddifh  hue,  and  was  in  a 
great  meafure  diflolved;  but  on  the  addition  of 
•water  the  whole  became  milky  and  a white  fedi- 
ment was  gradually  depofited.  It  communicated 
a flight  colour  to  the  fulphuric,  nitric  and  mu- 
riatic acids,  but  was  not  taken  up  in  any  per- 
ceptible quantity.  The  fixed  alkalies  both  in  a 
mild  and  cauftic  ftate,  and  ammonia  when 
cauftic,  as  well  as  the  alkaline  fulphurets, 
effected  a compleat  folution  of  it  and  acquired 
a dark  brown  colour.  Hence  it  appears  to  be  a 
fpecies  of  refinous  extradh 

This  being  premifed,  we  fhall  now  defcribe, 
'firft,  the  old  method  of  bleqching,  fecondly, 
the  alterations  caufed  by  the  introdudlion  of  the 
oxymuriatic  acid,  and  thirdly  the  more  recent 
improvements  fuggefted  by  M.  Chaptal  and 
others. 

Cotton  is  feldom  bleached  till  after  it  has 
been  woven.  When  cotton  cloth  therefore 
comes  into  the  bleacher’s  hands  it  contains,  be- 
lides  its  proper  colouring  matter,  a quantity  of 
fize  or  pafte,  with  which  the  yarn  is  impreg- 
nated during  the  weaving.  The  firft  procefs 
to  which  it  is  fubje&ed  is  Jleeping.  For  this 
purpofe  the  cloth  is  placed  in  a vat  and  covered 
with  lukewarm  water,  where  it  remains  for 
about  twenty-four  hours.  During  this  period 
a flight  fermentation  takes  plabe,  which  loofens 
the  adhefion  of  the  pafte  and  probably  alfo 
.difpofes  the  colouring  matter  itfelf  to  be  more 
rcafily  removed  by  the  fucceeding  operations. 

* Irilh  Acad. 


The  cloth  being  taken  out  of  the  ftedp  is  to  be 
well  wralhed  in  a current  of  clear  water,  and  i$ 
then  ready  for  the  fecond  procefs,  or  boiling. 
To  effedt  this  the  goods  are  placed  in  a copper, 
with  either  pure  water,  or  what  is  ftill  better, 
a weak  alkaline  ley,  and  by  means  of  a winch 
placed  over  the  vefl'el  are  kept  continually  palling 
through  the  hot  liquor,  as  long  as  it  appears  to 
extract  any  of  the  colouring  matter ; the  cloth 
is  afterwards  taken  out  and  well  walhed  in  clean 
water.  To  the  operation  of  boiling  fucceeds 
buchng,  which  in  fad!  is  only  another  boiling  in 
a ftronger  ley.  The  apparatus  however  is  fome- 
what different,  confifting  of  a large  vat  or  buck- 
ing tub,  connected  by  means  of  a pipe  that 
enters  its  upper  extremity  with  an  iron  boiler, 
and  by  means  of  a fimilar  pipe  palling  from  the 
bottom  of  the  tub,  with  an  iron  refervoir  in 
which  a pump  is  fixed.  The  iron  boiler  is 
charged  with  a ftrong  ley,  and  when  it  is  warm 
a portion  of  it,  by  turning  a ftop-cock,  is  tranf- 
ferred  by  means  of  the  pipe  into  the  bucking- 
tub  : here  it  falls  firft  on  the  upper  part  of  the 
cloth  and  prefently  penetrates  the  whole  mafs. 
After  a time  the  .cock  of  the  lower  pipe  is 
turned  and  the  ley,  now  almoft  cold,  flows 
into  the  refervoir.  A frefh  quantity  of  hotter 
ley  is  then  let  into  the  tub  from  the  boiler,  and 
the  contents  of  the  receiver  are  thrown,  by 
means  of  the  pump,  into  the  boiler  again.  Thus 
a continual  circulation  of  the  ley  through  the 
tub  is  effected  for  feveral  hours,  till  the  liquor 
becomes  black,  fetid,  and  almoft  of  the  conflu- 
ence of  treacle  from  the  quantity  of  colouring 
extradf:  that  it  has  taken  up.  The  cloth  is  then 
removed  and  well  waffled.  The  next  procefs 
confifts  in  expoftng  it  to  the  air , which  is  done 
by  fpreading  it  out  on  the  grafs  in  the  bleach- 
field,  and  keeping  it  always  damp  by  throwing 
water  on  from  time  to  time.  To  this  another 
bucking  fucceeds,  and  thus  thefe  two  procefles 
alternate  as  long  as  any  increafe  of  whitenefs 
is  obtained.  The  laft  operation  is  that  of fouritig. 
For  this  purpofe  a leaden  cauldron  is  charged 
v/ith  water  and  as  much  fulphuric  acid  as  will 
make  the  mixture  almoft  as  four  as  lemon-juice j 
in  this  the  cloth  is  to  be  immerfed  for  fome 
hours  while  cold,  a fire  is  then  made  under  the 
kettle,  and  the  liquor  is  heated  to  be  rather 
more  than  bloods  warm  : when  the  goods  have 
been  in  the  fours  twenty-four  hours  they  are 
taken  out  and  immediately  transferred  to  the 
river,  where  they  are  walhed  with  particular 
care  till  all  the  acid  is  perfedily  difcharged  : iuid 
the  bleaching  is  now  compleated. 

I'nuif.  1789. 
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The  above  was  the  old  method  of  proceeding 
before  the  oxymuriatic  acid  came  into  ufe  •,  and 
as  far  as  concerned  the  difcharge  of  the  colour- 
ing matter  it  was  certainly  very  effectual.  If 
the  leys  however  were  too  hot  or  too  ftrong, 
the  toughnefs  of  the  cloth  was  liable  to  be 
injured,  and  even  under  the  molt  favourable 
circumftances  a great  confumption  of  time 
neceflarily  enfued.  The  procels  could  not  be 
carried  on  in  the  four  winter  months ; and 
from  four  to  fix  buckings  and  as  many  weeks 
expofure  to  the  air  were  required  to  bring  cotton 
goods  to  their  utmoft  whitenefs. 

The  difcovery  of  oxymuriatic  acid  was  made 
by  Scheele  in  the  year  1774,  and  the  efficacy 
of  this  elaftic  fluid  in  difcharging  the  colour 
from  vegetable  fubftances  was  foon  after  noticed 
by  die  fame  able  chemift ; the  difcovery  was 
communicated  by  him  to  Mr.  Kirwan,  who 
perceiving  the  probability  of  its  being  applicable 
to  the  art  of  bleaching,  fuggefted  this  ufe  of  it 
to  Mr.  C.  Taylor,  at  that  time  a partner  in  a 
calico  manufactory  near  Manchefter.  By  the 
exertion  of  this  gentleman  and  his  partners, 
“ a whole  piece  of  calico  in  the  ftate  received 
“ from  the  loom  was,  in  the  fpring  of  1788, 
“ actually  bleached  white  and  printed  in  per- 
“ manent  colours,  and  produced  in  the  Man- 
“ chefter  market  ready  for  fale,  having  under- 
<c  gone  all  thefe  operations  in  lefs  than  48 
t(  hours. b ” M.  Berthollet  was  in  the  mean 
time  engaged  in  a courfe  of  fimilar  experiments, 
the  refults  of  which  he  publifhed  in  1789, c and 
from  this  period  the  ufe  of  the  oxymuriatic 
acid  was  rapidly  introduced  into  the  bleacheries 
of  England,  France  and  Germany,  with  con- 
fiderable  and  increafing  fuccefs.  The  bleaching 
liquor  of  M.  Berthollet  confifted  merely  of 
water  impregnated  with  oxymuriatic  acid  gas, 
but  this  was  found  to  be  fubjeCt  to  a number 
of  inconveniencies : it  was  troublefome  in  the 
preparation,  was  eafily  fpoiled  on  expofure  to 
the  air  on  account  of  the  volatility  of  the  acid, 
its  odour  was  fo  fuffocating  that  it  was  with 
the  utmoft  difficulty  that  the  workmen  could 
make  ufe  of  it,  and  it  not  only  difeharged  the 
natural  colour  of  the  cloth,  but  greatly  weakened 
and  impaired  the  colours  communicated  to  it  by 
dying,  which  confined  its  ufe  to  white  goods. 
Some  manufacturers  at  Javelle,  in  France,  were 
induced  to  add  a folution  of  cauftic  potafh  to 
the  bleaching  liquor,  by  which,  though  the 
rapidity  of  its  aCtion  was  in  fome  degree  di- 
miniffied,  yet  its  bad  effeCts  were  very  con- 
liderably  mitigated  ; the  procefs  was  thus  how- 

* Rees’s  Cyclopedia,  art.  Bleaching.  • An.  de  < 
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ever  rendered  much  dearer  on  account  of  the 
additional  coft  of  the  alkali.  In  1798,  Mr. 
Tennant,  of  Glafgow,  at  length  fucceeded  in 
the  preparation  of  liquid  oxymuriat  of  lime, 
and  thus  produced  a bleaching  liquor  more  fafe 
and  efficacious  in  every  refpeCt  than  the  oxy- 
muriat of  potafh,  as  well  as  greatly  cheaper. 
The  fame  fkilful  chemift  has  fince  carried  the 
preparation  of  this  article  to  perfection  by  pro- 
curing it  in  a folid  ftate,  in  which  it  may  be 
tranfported  to  anydiftance,  and  kept  in  barrels  for 
almoft  any  length  of  time  without  being  injured. 

In  the  new  mode  of  bleaching  cotton,  all  the 
procefles  as  far  as  the  firft  bucking  are  the  fame 
as  before,  but  when  this  is  compleated  the 
goods,  inftead  of  being  laid  on  the  grafs  to 
whiten,  are  immerfed  for  about  half  an  hour 
in  a dilute  folution  of  oxymuriat  of  lime ; being 
then  taken  out  and  wafhed  they  are  again  boiled 
in  an  alkaline  ley,  and  afterwards  fteeped  in 
oxymuriat  of  lime,  thus  alternating  thefe  pro- 
cefles till  the  requifite  whitenefs  is  obtained. 
The  cloth  is  then  to  go  through  the  procefs  of 
fouring  as  before,  and  finally  is  to  be  immerfed 
in  a weak  ley  of  pearlafh  or  foap,  to  prevent  a 
flight  yellowifh  tinge  which  the  ufe  of  oxy- 
muriatic acid  would  otherwife  occafion. 

The  oxygenating  procefs  of  bleaching,  by  the 
ufe  of  oxymuriat  of  lime,  appears  to  be  perfect, 
whether  we  regard  its  fafety,  its  expedition,  or 
its  cheapnefs,  and  the  only  further  improve- 
ment to  be  required  in  the  art,  as  far  as  the 
preparation  of  white  goods  is  concerned,  is  to 
Amplify  and  fhorten  the  bucking , or  thofe  parts 
of  the  procefs  in  which  the  cloth  is  fubjeCted  to 
the  aftion  of  alkali.  A very  ingenious  and  Ample 
method  of  effecting  this  has  been  fuggefted  by 
M.  Chaptal,  and  the  experiments  which  have 
been  made  appear  to  confirm  the  value  of  the 
propofed  alteration.  M.  Chaptal’s  method  con- 
fifts  in  expofing  the  cloth  when  impregnated 
with  cauftic  alkali  to  the  aCtion  of  fteam  raifed 
to  a fomewhat  higher  temperature  than  that  of 
boiling  water.  d For  this  purpofe  a i'quare  or 
reCtangular  fhallow  boiler  is  firmly  fixed  in 
mafonry,  and  a vault  of  ftonework  lined  with 
lead  is  raifed  over  it ; at  one  end  is  a door  fuffi- 
cient  to  admit  a man,  made  to  fit  very  clofbly, 
and  capable  by  the  aCtion  of  ferews  of  being 
rendered  fteam-tight.  Within  the  vault  are 
fixed  reels,  by  means  of  which  either  cloth  or 
yarn  can  be  wound  off  one  on  to  the  other,  by 
a fomewhat  circuitous  route,  during  which  it 
is  made  to  pafs  through  -the  liquor  in  the  boiler 
and  is  alfo  expofed  to  the  aCtion  of  the  fteam. 
him.  ii.  p.  2J7.  4 0‘Reilly  fur  lc  blanchimcnt. 
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The  cloth  or  yarn  being  previoufly  fteeped  for 
a few  hours  in  an  alkaline  ley  is  wound  upon 
one  of  the  reels,  and  a quantity  of  ley  is  alfo 
poured  into  the  boiler ; the  door  of  the  vault 
is  then  fecured  and  the  fire  under  the  boiler  is 
lighted.  This  being  done,  the  cloth  is  fiowly 
transferred  from  one  reel  to  the  other,  and 
afterwards  returned  to  the  former  one,  by  means 
of  a winch  worked  by  hand  or  machinery  on 
the  outfide  of  the  vault.  This  being  performed 
in  a denfe  atmofphere  of  very  hot  fteam,  and 
the  cloth  in  one  part  of  its  progrefs  pafiitig 
through  the  liquor  in  the  boiler,  the  colouring 
matter  of  the  cloth  is  much  more  fpeedily  ex- 
tracted than  by  the  common  procefs  of  bucking. 
Hence  not  only  time  is  faved  but  the  beating 
to  which  the  goods  are  fubjeCted  in  the  wafh- 
wheel,  and  by  which  their  ftrength  is  in  fome 
degree  injured,  may  be  confiderably  lefi'ened. 

The  colouring  matter  of  flax  and  hemp  is 
not  only  greater  in  quantity  but  appears  to 
adhere  more  firmly  than  that  of  cotton ; in 
confequence  of  which,  though  the  general  pro- 
cefs for  bleaching  goods  made  of  thefe  materials 
is  precifely  the  fame  as  that  which  is  employed 
for  cotton,  yet  the  ftrength  and  number  of 
alkaline  leys  made  ufe  of  is  confiderably  greater. 
It  is  probable  therefore  that  in  the  bleaching  of 
linen,  Chaptal’s  procefs  (which  we  have  juft 
mentioned)  might  be  adopted  with  the  molt 
decided  advantage. 

We  have  already  noticed  the  experiments  of 
Mr.  Kir  wan  on  the  colouring  matter  of  flax  ; 
this  able  chemift  found  that  it  was  foluble  not 
only  in  the  pure  cauftic  alkalies  but  alfo  in  the 
hydrofulphuretted  alkalies.  It  is  probable  that 
this  facft  fuggefted  to  Mr.W.  Higgins,  of  Dublin, 
the  ufe  of  hydrofulphuret  of  lime  inftead  of 
potafh,  an  alteration  which,  if  finally  confirmed 
by  experience,  will  be  of  the  moft  ferious  advan- 
tage to  the  country  by  faving  an  enormous 
expence  in  an  article  for  the  whole  of  which 
we  are  dependent  on  foreigners.  Mr.  Higgins’s 
method  of  bleaching  Irifh  linen  is  the  following. 
The  linen  as  it  comes  from  the  loom  is  charged 
with  the  weaver’s  pafte  or  drelling,  to  get  rid 
ef  which  the  cloth  is  fteeped  in  water  for  48 
hours  and  then  well  wafhed : it  is  afterwards 
immerfed  in  a cold  folution  of  hydrofulphuret 
cf  lime  for  1 2 or  18  hours  ; being  then  walhed 
and  dried  it  is  fteeped  in  oxymuriat  of  lime  for 
x 2 hours.  The  linen  is  to  be  fix.  times  alter- 
nately immerfed  in  each  liquor,  at  the  end  of 
which  operation  it  will  be  fu  Ardently  white, 
and  is  then  to  be  finifhed  in  the  ufual  manner. 

The  rationale  of  die  bleaching  procefs  for 


vegetable  fibres  is  not  yet  very  fatisfacftcrily 
made  out ; thus  far  however  feems  to  be  toler- 
ably clear.  The  colouring  matter  of  the  cloth 
or  yarn  when  it  comes  into  the  bleacher’s  hands 
confifts  of  two  portions,  one  foluble  in  alkali, 
the  other  not,  or  at  leaft  requiring  for  this  pu-r- 
pofe  a ley  of  fo  great  a ftrength  as  would  alfo 
a£t  on  the  vegetable  fibre  itfelf.  When  the 
foluble  part  is  removed  by  the  alkali,  it  is  necef- 
fary  either  to  expofe  the  cloth  for  fcveral  days 
to  the  light  and  air,  or  to  fubjecT  it  to  the 
a&ion  of  oxymuriatic  acid  before  a frelh  por- 
tion of  colouring  matter  can  be  rendered  foluble 
in  a ley  of  fuch  a ftrength  as  it  is  fafe  to  employ. 
It  appears  probable  that  the  change  in  the 
colouring  matter  is  entirely  owing  to  an  ab- 
forption  of  oxygen,  and  it  would  be  a fubjeeft 
of  curious  enquiry  to  examine  in  what  ftate  the 
colouring  matter  is  previous  to  oxygenation. 
It  is  not  likely  that  it  fhould  be  a perfect  refi- 
nous  extract,  otherwife  it  ought  to  be  entirely, 
foluble  in  the  firft  alkaline  ley. 

The  animal  fibres  that  are  fubj  edited  to  the 
bleaching  procefs  are  wool  and  filk.  Thefe  can- 
not be  treated  in  the  fame  manner  as  vegetable 
fubftances : a ftrong  alkaline  ley  will  diflolve 
t-hem,  and  oxymuriatic  acid  will  both  weaken 
them  and  turn  them  yellow. 

The  colour  of  manufactured  wool  refides 
partly  in  its  own  oil,  and  partly  in  the  greafy 
and  mucilaginous  applications  which  it  receives 
in  being  prepared  for  the  loom.  Both  the  one 
and  the  other  are  eafily  got  rid  of  by  the  action 
of  fuller’s  earth  and  foap  in  the  procefs  of 
fulling.  Fuller’s  earth  is  a very  fine-grained 
abforbent  earth,  which  by  itfelf  is  capable  of 
mixing  rather  than  combining  with  vegetable 
or  animal  oils,  and  rendering  them  mifcible 
with  water ; its  action  is  found  however  to  be 
increafed  by  the  addition  of  foap  ; and  woollen 
cloth  being  beat  in  a fulling-mill  with  hot  water, 
and  a proper  mixture  of  earth  and  foap,  or  of 
foap  alone,  and  afterwards  well  wafhed  and 
dried  in  the  air,  receives  all  the  bleaching  which 
it  requires  or  is  indeed  capable  of.  It  is  then 
of  a white  colour,  fomewhat  verging  towards 
yellow;  this  laft  tinge  may  be  made  to  difappear 
by  the  addition  of  a very  fmall  quantity  of  ftone 
blue  in  the  water  in  which  the  cloth  is  laft 
wafhed,  or  by  expofmg  it  to  the  fumes  of.  burn- 
ing fulphur ; by  this  latter  method  however  it 
acquires  a certain  harfhnefs  of  feel  and  is  apt 
to  turn  very  yellow  when  wafhed  with  foap. 

Both  the  colour  and  harfhnefs  of  raw  filk 
depend  entirely  on  a yellow  varnifh  with  which 
it  is  naturally  covered.  This  varnifh  may  be  in. 
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part  removed  by  long  boiling  in  Ample  water. 

It  is  confiderably  more  i'oluble  in  alcohol,  but 
the  moll  effe£lual  and  expeditious  way  of  clear- 
ing it  is  by  putting  it  in  a linen  bag  and  boiling 
it  for  fome  hours  in  a folution  of  white  foap  in 
water,  then  rincing  it  in  clean  water  and  re- 
peating the  procefs  till  it  is  quite  white  and 
exhibits  the  peculiar  lullre  of  this  beautiful 
fubftance.  Some  of  the  French  chemifts  have 
endeavoured  to  leflen  the  confumption  of  foap 
by  propofing  various  fubftitutes,  but  nothing  is 
fo  effectual  and  expeditious  as  the  pureft  white 
foap,  and  the  article  itfelf  is  fo  valuable  as 
amply  to  repay  this  expence. 

BLENDE.  See  Zinc  (Ores  of.) 

BLOOD.  This  moll  important  of  all  the 
animal  fluids  requires  a pretty  minute  exami- 
nation, both  on  account  of  the  many  interelling 
fa£ls  which  its  analyfis  prefents,  and  as  ferving 
in  fome  meafure  to  illuftrate  the  general  hiffory 
of  animal  matter,  and  alfo  as  it  has  engaged  the 
attention  of  a multitude  of  excellent  chemifts 
with  very  great  fuceefs  and  advantage  to  the 
fcience  in  general. 

Blood  when  juft  drawn  from  the  veins  of  all 
the  warm-blooded  animals  (which  includes  man, 
moft  quadrupeds,  birds,  and  the  cetaceous 
fifties)  is  a l'mooth  opake  uniform  red  liquid 
(crimfon  from  the  arteries),  confiderably  denfer 
than  water,  having  a peculiar  fub-naufeous 
odour,  and  a fweetifti  and  fomewhat  faline  tafte. 

Its  fpecific  gravity  is  found  to  vary  from  about 
1.053  to  hi  26;  its  temperature  in  the  living 
animal  is  ufually  from  96°  to  ioo°. 

The  moft  remarkable  circumftance  in  blood, 
and  one  in  which  it  differs  from  every  other 
fluid  in  nature,  is  the  fpontaneous  coagulation 
which  takes  place  not  long  after  it  is  drawn, 
and  which  feparates  it  into  two  portions,  the 
coagulated  part  which  is  a red  tough  cake  called 
the  crajfamenturn , clot , or  cruor,  and  the  clear 
yellowilh  liquid  in  which  the  coagulum  fwims, 
called  the  ferum.  This  fpontaneous  analyfis 
has  been  the  guide  to  chemical  refearches,  and 
experiments  have  {hewn  both  thefe  fubftances 
to  be  further  feparable  into  feveral  elementary 
principles,  that  is,  the  craflamentum,  into  the 
red  globules , and  the  proper  coagulable  gluten  or 
fibrin ; and  the  ferum  into  albumen , gelatin  and 
feveral  falts,  all  diffolved  in  a confiderable  quan- 
tity of  neater. 

The  circumftances  that  affedt  the  fpontaneous 
coagulation  ftiould  firft  be  noticed.  From  a 
healthy  perfon  the  blood  generally  begins  to 
iliffen  in  about  five  minutes,  and  becomes  of 
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the  confiftence  of  jelly,  fome  time  after  which 
a clear  liquid  will  be  feen  to  ouze  out  and  gra- 
dually to  occupy  the  fides  and  bottom  of  the 
veffel,  whilft  the  red  clot  contrails  in  dimen- 
lions,  encreafes  in  firmnefs,  and  after  feveral 
hours  appears  as  a tough  cup-like  mafs,  retrailed 
at  the  edges,  on  the  furface  expofed  to  the  air 
of  a much  more  florid  red  than  when  iffuing 
from  the  vein,  but  all  below  the  line  in  which 
it  floats  in  the  ferum,  of  a dark  blackifh  red. 
The  caufe  of  this  change  of  colour  has  been 
with  great  probability  fuppofed  to  be  the  atliou 
of  the  air,  as  will  be  prefently  mentioned. 

There  are  three  circumftances  to  which  the 
fpontaneous  coagulation  of  blood  has  been  at- 
tributed, namely,  to  cooling,  to  the  air,  and  to 
reft.  Thefe  have  all  been  examined  in  a very 
fatisfa£lory  way  by  a late  eminent  phyfiologift.  * 

If  blood  as  it  fprings  from  the  vein  is  re- 
ceived into  a veffel  fet  in  a {harp  freezing  mix- 
ture, it  does  indeed  congeal  very  fpeedily  and 
becomes  folid,  but  on  being  thawed  it  refumes 
its  original  fluidity,  and  then  coagulates  into 
ferum  and  craflamentum  as  ufual,  and  nearly 
in  the  ufual  time,  beginning  to  reckon  from  its 
thawing.  This  {hews  moft  fatisfatlorily  that 
coagulation  of  blood  is  not  congelation,  nor  is 
it  at  all  an  efte£l  of  lofing  its  natural  heat  by 
dxpofure  to  air.  b On  the  other  hand  if  the 
blood  is  received  into  a cup  fet  in  water  heated 
to  about  105,  it  coagulates  very  completely, 
and  even  fooner  than  it  would  do  if  fuffered  to 
cool  in  the  atmofphere;  c Hence  it  follows 
that  the  heat  the  moft  favourable  to  this  procefs 
is  not  lefs  than  about  the  natural  warmth  of 
the  blood.  A greater  heat  will  alfo  promote 
this  change. 

The  effe£l  of  reft  alone  on  blood  is  Ihewn  by 
Amply  intercepting  a portion  of  blood  in  a large 
vein  of  a living  animal  by  means  of  ligatures, 
and  fuffering  it  to  remain  in  its  natural  fituation 
in  the  vein  for  a given  time.  Under  thefe  cir- 
cumftances Mr.  Flewfon  found  that  the  blood 
contained  in  the  intercepted  portion  of  vein 
(and  therefore  at  reft,  in  the  natural  tempera- 
ture, and  excluded  from  air),  inftead  of  coagu- 
lating in  about  ten  minutes  remained  partly 
fluid  for  upwards  of  three  hours,  and  hence  it 
follows  that  fomething  befides  mere  reft  mull 
contribute  to  produce  the  fpeedy  feparation  that 
takes  place  in  blood  that  is  drawn. 

This  appears  to  be  in  a confiderable  degree 
the  a£lion  of  the  air,  for  if  a portion  of  air  is 
confined  in  contatl  with  blood  at  reft  in  the 
vein  of  a living  animal,  coagulation  noiv  proceeds 
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with  much  greater  rapidity  than  when  no  air 
is  prefent.  However,  Mr.  Hewfon  alfo  found 
that  blood,  iffuing  from  a vein,  and  received  in 
a phial  which  was  corked  up  as  foon  as  full, 
coagulated  quite  as  foon  as  another  portion 
of  the  fame  blood  received  in  an  open  cup  •, 
and  therefore,  whatever  effect  the  firft  impreflion 
of  air  may  have  upon  fluid  blood,  its  influence 
i;s  not  at  all  required  during  the  whole  time  of 
coagulation. 

Two  circumftances  alfo  pointed  out  by  the 
fame  acute  phyfiologift,  fhew  that  the  fpon- 
taneous  coagulation  of  blood  is  not  to  be  ac- 
counted for  merely  on  common  chemical  prin- 
ciples, but  depends  very  confiderably  on  the 
ftate  of  the  living  animal. 

If  recent  blood  is  received  from  the  veins 
fucceffively  in  different  veffels,  the  laft  portion 
will  be  found  to  coagulate  fooner  than  the  firft, 
and  if  a faintnefs  comes  on  in  the  animal,  the 
blood  drawn  in  that  ftate  will  flow  with  extreme 
difficulty,  and  will  coagulate  almoft  inftantly. 
This  is  fimilar  to  what  occurs  in  flaughtering 
beafts,  it  being  commonly  obferved  by  butchers 
that  the  blood  flows  thicker,  and  at  laft  hardly 
flows  at  all  when  life  is  juft  ebbing  out.  From 
this  and  other  fa£ls  it  appears  that  coagulation 
is  effentially  regulated  by  the  vital  powers  of  the 
animal  at  the  time  that  it  is  lofing  blood  from 
its  veffels. 

When  blood  is  drawn  from  a perfon  labour- 
ing under  an  acute  inflammation,  affe£ling  the 
general  fyftem,  it  is  ufually  much  flower  than 
ufual  in  coagulating,  and,  if  narrowly  infpe£led, 
the  furface  inftead  of  being  of  a florid  red  be- 
comes tranfparent  to  a certain  depth,  then  of  a 
pearly  whitenefs,  and  at  laft,  when  the  coagu- 
lation is  compleat,  the  craffamentum  is  covered 
with  a very  tough  grey  opake  cruft  often  nearly 
to  half  its  thicknefs,  under  which  lie  the  red 
globules  as  ufual.  In  this  procefs  nature  makes 
a further  analyfis  of  the  craflamentum,  the  grey 
opake  cruft  being  the  pure  fibrin  feparated  from 
the  globules,  which  laft,  owing  to  the  tardi- 
nefs  of  coagulation,  fubfide  as  ufual,  but  fepa- 
rate,  or  nearly  fo,  from  the  fibrin,  which  is 
longer  held  in  folution,  and  therefore  appears 
on  the  furface  of  the  coagulum  of  its  natural 
grey  colour. 

Several  other  fa£ls  are  afcertained  concerning 
the  effedls  on  coagulation  of  blood  produced 
by  a variety  of  circumftances  affecting  the 
powers  and  fun£lions  of  the  living  animal,  but 
thefe  are  out  of  the  province  of  pure  chemiftry. 

If  blood  is  brilkly  ftirred  with  a flick  as  it 


flows  from  the  vein,  part  of  the  fibrin  collects 
pure  about  the  flick,  and  the  remainder  will 
not  coagulate  by  reft.  Moft  of  the  neutral  falts 
if  ftirred  in  frefh  blood  in  confiderable  pro- 
portion, unite  very  uniformly  with  it  and  totally 
prevent  the  fpontaneous  coagulation.  But  if 
this  falted  blood  is  diluted  with  water  the  power 
of  coagulation  returns.  Thus  half  an  ounce  of 
Glauber’s  fait  mixed  with  fix  ounces  of  blood 
preferved  its  fluidity,  but  on  being  diluted  with 
twice  the  quantity  of  water  blood-warm,  the 
whole  foon  coagulated  very  completely.*1  The  un- 
coagulated faline  mixture  on  Handing,  gradually 
depofits  the  red  particles,  leaving  a clear  colour- 
lefs  liquor  like  mere  ferum  in  appearance,  but 
proved  ftiil  to  contain  the  fibrin  by  its  coagu- 
lating when  diluted  with  water. 

Nitre  and  fome  other  falts  render  the  blood 
florid. 

The  fibrin  may  be  coagulated  from  the  un- 
diluted falted  blood  by  applying  a heat  of  about 
X2o°.  In  doing  this  care  muft  be  taken  not  to 
raife  the  heat  much  higher,  as  this  would  alfo 
feparate  the  albumen,  which  coagulates  from 
the  ferum  at  about  i6o°,  though  it  will  not 
feparate  fpontaneoufly  at  a lower  temperature 
as  the  fibrin  does.  Indeed  this  circumftance 
forms  almoft  the  only  afcertainable  difference 
between  the  two  fubftances.  When  both  are 
coagulated  together  they  cannot  be  feparated. 

To  proceed  with  the  chemical  analyfis  of 
blood. 

i.  The  craffamentum  when  compleatly  coagu- 
lated and  in  its  natural  ftate,  is  of  the  confiftence 
of  very  firm  gelly,  but  ftiil  containing  a good 
deal  of  ferum,  which  it  has  entangled  during  its 
coagulation,  and  which  oozes  out  copioufly 
whenever  the  coagulum  is  cut  into.  The  craf- 
famentum is  formed  of  two  principal  parts,  the 
fibrin,  and  the  red  globular  or  colouring  part. 
The  former  has  already  been  mentioned  to  form 
the  tough  grey  cruft  of  inflamed  blood,  and 
alfo  to  be  partly  feparated  by  ftirring  recent 
blood  before  it  has  time  to  coagulate.  It  is 
alfo  obtained  by  waftiing  out  the  red  colouring 
part  in  the  following  way : put  the  whole  co- 
agulum in  a linen  cloth  loofely  tied  up,  and 
fuffer  a very  fmall  ftream  of  water  to  drop  on 
the  outfide  of  the  bag,  or  elfe  immerfe  the  bag 
in  cold  water,  at  the  fame  time  preffing  it  very 
gently  to  and  fro  with  the  fingers.  The  water 
comes  away  of  a fine  claret-crimfon,  carrying 
with  it  the  entangled  ferum,  the  colouring  part, 
and  every  thing  but  the  fibrin,  which  at  laft  is 
left  alone  in  the  bag,  and  appears  as  a ftringy 
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grey  elaftic  mafs,  abfolutely  infoluble  in  water. 
Much  patience  is  however  required  to  fucceed 
in  this  procefs,  and  only  very  little  preflfure 
fhould  be  ufed  at  firft. 

Fibrin e when  dried  at  a gentle  heat  lofes 
about  two-fifths  of  its  weight,  and  thereby  be- 
comes hard  and  brittle.  Before  drying  it  has  a 
remarkable  toughnefs  and  elafticity,  not  unlike 
that  of  elaftic  gum.  When  fcorched  it  fhrinks 
and  coils  up  like  parchment.  By  dry  diftill- 
ation  it  gives  a ftrongly  ammoniacal  liquid,  a 
fetid  thick  oil,  and  much  concrete  carbonated 
ammonia.  The  coal  which  it  leaves  contains  phof- 
phat  of  lime,  and  is  very  difficultly  incinerated. 
This  earthy  fait  is  dete&ed  by  difTolving  the 
foluble  part  of  the  coal  in  nitric  acid  and  add- 
ing ammonia,  which  precipitates  the  pholphat 
of  lime  undecompofed.  It  contains  no  iron. 
Fibrin  when  moift  and  kept  from  drying  foon 
putrefies  in  a warm  air  ; under  water  it  is  gra- 
dually converted  into  Adipocire. 

Water  has  no  a£tion  upon  it;  when  long 
boiled  in  water  it  becomes  hard  and  tranfparent 
like  horn.  The  fixed  alkalies  and  concentrated 
folutions  even  of  the  alkaline  earths,  difTolve  it 
in  a boiling  heat,  with  the  evolution  of  ammonia, 
and  produce  a brown  bitter  faponaceous  com- 
pound, decompofable  by  acids  and  metallic  falts. 
Acids,  even  when  dilute,  difTolve  it  without 
difficulty.  Nitric  acid,  if  dilute  and  digefted 
without  heat,  caufes  azotic  gas  to  be  given  out, 
which  in  this  cafe  comes  from  the  fibrin  and 
not  the  acid  j if  concentrated  and  heated,  the 
fibrin  and  nitric  acid  are  mutually  decompofed 
and  evolve  much  carbonic  and  pruffic  acids, 
with  nitrous  gas  and  nitrous  oxyd,  and  the 
refidue  contains  oxalic  acid.  All  the  acid  folu- 
tions of  fibrin  when  evaporated  nearly  to  dry- 
nefs,  give  on  cooling  a ftiff  gelly.  Neither  fixed 
nor  volatile  oils  a£t  upon  it.  Alcohol  hardens 
its  texture  very  confiderably  and  fhrinks  it. 

From  all  thefe  circumftances  it  is  fully  proved 
that  the  fibrin  of  blood  bears  the  ftrongeft  re- 
femblance  to  the  jlejh  or  mufcular  fibre  of  animals, 
and  from  its  copious  evolution  of  ammonia  by 
diftillation,  and  other  chara&ers,  fibrin  appears 
to  contain  a greater  portion  of  azot  than  any 
other  animal  fubftance.  See  Fibrin. 

The  red  colouring  part  is  Angularly  diftin- 
guifhed  by  being  compofed  of  an  infinite  mul- 
titude of  globules,  vifible  in  a microfcope  of 
high  power,  the  conftrudlion  of  each  of  which 
has  been  thought  by  Hewfon  to  be  that  of  an 
external  veficle,  inclofing  a fphere  apparently 
folid  i their  diameter  he  eftimates  at  about  7^0 
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of  an  inch.  Dilution  with  water  deftroys  the 
globular  appearance,  but  not  with  ferum,  urine, 
and  many  faline  folutions.  Many  other  curious 
microfcopical  obfervations  belong  to  this  fubject. 

The  red  water  ufed  for  wafhing  the  crafla- 
mentum  and  feparating  the  fibrin,  contains  the 
whole  of  the  red  colouring  matter.  This  water 
is  flightly  alkaline,  as  ferum  is,  and  when  boiled 
a brown  ficum  rifes  to  the  top,  confifting  chiefly 
of  coagulated  albumen,  together  with  the  proper 
colouring  matter,  but  no  method  has  yet  been 
devifed  for  totally  feparating  thefe  ingredients. 
The  water  after  the  fcum  has  been  removed  is 
ftill  red,  and  when  evaporated  gives  to  the  laft 
fucceffive  pellicles  of  brown  fcum,  fimilar  to  that 
which  is  formed  by  the  firft  boiling.  f The  red 
globular  part  of  blood  alone  contains  the  iron 
of  this  fluid,  and  as  far  as  analyfis  has  yet  gone, 
this  metal  in  the  ftate  of  phofphat,  and  a certain 
admixture  of  ferum,  are  all  the  conftituents  of 
this  moft  curious  fubftance. 

The  exiftence  of  iron  in  blood  was  firft  dis- 
covered by  Menghini,  and  the  experiments  that 
Amply  fliew  its  prefence  are  obvious.  Tin&ure 
of  galls  mixed  with  blood  gives  it  an  inky  black- 
nefs,  and  if  the  craflamentum  be  dried  it  is 
ftrongly  magnetical.  But  the  precife  ftate  of 
this  metal  in  the  red  colouring  part  is  more 
difficult  to  be  afeertained.  To  this  objedl 
Fourcroy  and  Vauquelin  made  the  following 
interefting  refearch.  On  burning  in  a crucible 
the  coagulated  fcum  of  the  red  liquor  in  which 
the  craflamentum  had  been  wafhed,  they  ob- 
tained a deep  red  ferrugineous  powder,  forming 
at  firft  about  of  the  blood  employed,  but 
ftill  mixed  with  the  coal  of  the  albumen  and 
other  impurities.  Very  weak  nitric  acid  diflolved 
out  of  the  refidue  nearly  all  the  iron,  which 
folution,  fuperfaturated  with  ammonia,  gave  a 
white  precipitate.  This  again  was  put,  while 
yet  moift,  into  cauftic  potafh,  which  rediflolved 
moft  of  the  precipitate.  The  liquor  now  con- 
tained phofphat  of  potafh,  of  ammonia  and  of 
iron,  together  with  an  excels  of  alkali,  and  by 
adding  lime-water  the  prefence  of  the  phof- 
phoric  acid  was  proved  by  a precipitate  of 
phofphat  of  lime.  To  confirm  the  poffibility 
of  a phofphat  of  iron  and  an  excels  of  fixed 
alkali  in  the  fame  liquid,  they  obferved  that 
there  are  two  kinds  of  phofphat  of  iron,  of  which 
one  is  grey,  infoluble  in  water,  foluble  in 
acids,  and  contains  the  phofphoric  acid  and  the 
iron  in  mutual  faturation  ; the  other  is  of  a 
reddifh  brown,  lefs  foluble  in  acids,  and  con- 
tains an  excefs  of  iron,  fo  that  it  may  be  called 
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n fub-phofphat  of  iron.  Cauftic  alkalies  added  to 
the  former  phofphat  only  partially  decompofe 
it,  and  by  taking  away  a portion  of  the  phof- 
phoric  acid,  reduce  the  remainder  to  the  ftate 
of  fub-phofphat  of  iron.  This  too  agrees  with 
the  habitudes  of  forne  of  the  other  phofphats 
with  regard  to  partial  decompofition.  Now  as 
the  blood  always  contains  an  excefs  of  foda, 
the  abovementioned  chemifts  ingenioufly  explain 
thereby  the  red  colour  of  the  blood,  by  fup- 
pofing  the  phofphat  of  iron  to  be  conftantly 
kept  by  the  foda  in  the  ftate  of  fub-pholphat. 
They  likewife  endeavoured  with  fuccefs  to  pro- 
duce a kind  of  artificial  blood,  as  far  as  colour 
was  concerned,  by  difiolving  a fub-phofphat  of 
iron  in  white  of  egg  or  in  ferunr  of  blood,  which 
was  very  readily  effedted  even  in  the  cold,  and 
gave  a blood-red  fluid,  the  colour  of  which  was 
further  heightened  by  a fmall  admixture  of 
cauftic  fixed  alkali. 

The  craflamentum  of  blood  therefore,  from 
what  has  preceded,  is  found  to  confift  chiefly  of 
the  fibrin,  and  a phofphat  of  iron  mixed  inti- 
mately with  a portion  of  ferum  into  a peculiar 
red  fubftance,  which  under  the  microfcope 
exhibits  an  appearance  of  a vaft  multitude  of 
globules,  of  a determinate  fhape  and  fize. 

2.  The  ferum  of  blood  is  the  clear  yellow 
liquor  in  which  the  craflamentum  floats  after 
it  is  coagulated.  Its  tafte  is  fomewhat  faline 
and  peculiar,  when  agitated  it  froths  readily 
and  has  a clammy  feel  to  the  fingers.  Its  fpeciftc 
gravity  is  about  1.027,  according  to  Jurin  and 
Mufchenbroek.  It  immediately  turns  fyrup  of 
violets  green,  and  gives  other  marks  of  an  excefs 
of  alkali  which  analyfis  confirms.  This  alkali 
is  foda.  It  readily  unites  with  water,  but  by 
large  dilution  it  turns  milky. 

When  ferum  is  heated  to  1600  or  upwards, 
a large  quantity  of  a whitifh  fubftance  .coagu- 
lates, fo  as  almoft  entirely  to  folidify  the  ferum, 
but  on  cutting  up  the  coagulum  a confiderable 
proportion  of  a thinner  watery  liquid  oozes  out, 
which  is  called  by  phyfiologifts  the  ferofity. 
The  coagulated  mafs,  if  gently  heated  fora  little 
time,  becomes  hard,  brittle  and  horny.  It  agrees 
fo  precifely  in  every  chemical  character  with 
the  white  of  egg  and  the  other  fubltances  of 
this  fpecies,  that  it  is  juftly  reckoned  as  pure 
Albumen,  the  properties  of  which  are  defcribed 
under  that  article.  If  this  albumen  is  calcined 
with  a ftrong  heat  it  burns  with  the  ufual  pro- 
dusSts,  and  leaves  in  the  coal  a faline  mixture 
confifting  of  muriat,  phofphat,  and  carbonat  of 
fbda.  Thefe  falts  are  foreign  to  what  may  be 


confidered  as  the  true  conftituents  of  albumen, 
and  rauft  therefore  be  added  to  the  lift  of  com- 
ponent parts  of  blood,  except  the  latter,  which 
inftead  of  a carbonat  mull  be  confidered  as 
naturally  pure  foda,  having  been  doubtlefs  car- 
bonated during  the  calcination. 

Alcohol  added  to  ferum  alfo  coagulates  the 
albumen,  as  it  does  any  other  albuminous 
liquid.  Acids  do  the  fame,  the  more  com- 
pleatly  as  the  acid  is  more  concentrated,  and 
after  coagulating  the  albumen  they  unite  with 
the  excefs  of  foda,  forming  the  refpedtive  falts 
with  this  alkaline  bafis. 

Another  fubftance  held  in  folution  in  the 
ferum  is  gelatin.  This  is  obtained  by  boiling 
diluted  ferum  to  coagulate  the  albumen,  and 
then  feparating  the  clear  liquid  or  ferofity, 
evaporating  it  flowly  nearly  to  drynefs,  and 
cooling.  It  will  then  appear  as  a ftiff  gelatinous 
mafs,  poffefling  all  the  properties  of  gelatin, 
though  mixed  with  all  the  falts  of  the  ferum. 
Parmentier  and  Deyeux  s in  their  very  elaborate 
analyfis  of  blood,  obtained  the  gelatin  in  a lefs 
exceptionable  way.  They  heated  fome  pure 
ferum  in  a water  bath,  whereby  the  albumen 
was  coagulated,  and  then  inftead  of  feparating 
the  folid  from  the  fluid  part,  they  continued  the 
evaporation  half  an  hour  longer.  The  refidue 
was  white  and  cellular  underneath,  and  each 
of  thefe  fmall  cells  contained  a thick  yellow 
tranfparent  fubftance,  which  refembled  in  its 
properties  the  pureft  glue.  The  gelatin  is  only 
found  in  the  ferum,  and  was  oblerved  by  thefe 
chemifts  to  vary  confiderably  in  proportion  in 
different  perfons  and  animals,  without  being 
obvioufly  connected  with  any  ftate  of  health  or 
difeafe,  or  any  kind  of  food  or  habitudes  of  the 
animal  that  furniftied  it. 

Sulphur  is  another  ingredient  in  blood,  and 
is  found  in  a minute  quantity  in  the  coagulated 
albumen,  being  indicated  by  blackening  filver 
and  producing  the  odour  of  fulphuretted  hy- 
drogen with  acids.  If  the  albumen  of  blood  is 
heated  in  a filver  veffel,  the  latter  will  become 
of  a deep  blackifh-brown,  in  the  fame  way  that 
fulphur  tarnifhes  polifhed  filver.  If  nitrated 
filver  be  triturated  with  albumen,  and  the  mix- 
ture digefted  for  fome  time  in  a moderate  heat, 
a black  precipitate  of  fulphuretted  filver  is  pro- 
duced, from  which  the  fulphur  might  readily 
be  extradted.  A fimilar  indication  of  fulphur 
is  {hewn  by  the  whites  of  boiled  eggs,  which 
every  one  knows  will  blacken  a filver  fpoon 
almoft  immediately  on  touching  it. 

Laftly,  the  ferofity  or  aqueous  portion  of  the 
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ferum  deprived  of  its  albumen  by  coagulation, 
if  evaporated  to  drynefs  gives,  befides  gelatin 
and  uncombined  foda,  a fmall  quantity  of  muriat 
of  foda,  muriat  of  potafh,  phofphat  of  lime, 
and  phofphat  of  ammonia,  all  of  which  may 
be  dete&ed  by  the  proper  chemical  reagents. 

The  proportion  of  the  conftituent  parts  of 
blood  is  fo  extremely  variable  as  probably  to  be 
fcarcely  the  fame  in  any  two  individuals.  The 
varying  quantity  of  cralfamentum  is  the  moll 
palpable,  and  has  long  been  obferved  by  phyfi- 
ologifts  and  medical  obfervers.  It  appears  to 
be  the  part  the  moll  intimately  connelled  with 
the  ftrength  and  vigour  of  bodily  habit,  and  is 
the  lateft  to  return  to  its  natural  quantity  after 
any  great  lofs  of  blood,  fevere  evacuation,  defi- 
cient nutriment,  or  debilating  illnefs.  It  is  alfo, 
ceteris  paribus , more  abundant  in  adult  than  in 
young  animals. 

It  has  been  doubted  whether  the  red  colour 
of  blood  was  owing  to  the  iron  which  it  con- 
tains, though  the  proportional  quantity  of  this 
metal  mixed  with  any  colourlefs  albuminous 
fluid,  in  the  ftate  of  fub-phofphat  with  excefs 
of  alkali,  is  fufficient  to  produce  as  full  a body  of 
colour  as  that  of  blood.  The  ingenious  argu- 
ments brought  againft  this  explanation  of  the 
caufe  of  the  colour  by  Dr.  Wells, h belongmore  to 
optics  and  the  theory  of  colours  than  to  chemif- 
try,  and  we  fhall  therefore  not  enter  into  them. 

But  there  is  another  part  of  this  fubjelt 
properly  belonging  to  chemical  phyfiology, 
which  jfhould  not  be  entirely  unnoticed.  This  is 
the  caufe  of  the  difference  between  venous  and 
arterial  blood.  The  blood  contained  in  all  the 
arteries  of  the  body  derived  from  the  aorta,  and 
alfo  in  the  pulmonary  veins,  has  a bright  florid 
or  vermillion  colour,  that  of  the  other  veins 
and  the  pulmonary  artery,  on  the  other  hand, 
is  of  a dark  black  red  •,  the  former  is  termed  the 
arterial,  the  latter  the  venous  blood.  The  dif- 
ference between  the  colour  of  the  two  is  at 
once  apparent  when  any  deep  wound  has  been 
inflilled,  when  the  arterial  blood  will  be  as 
much  diftinguilhed  by  its  more  florid  red,  as  by 
its  manner  of  flowing  by  jerks  correfponding  with 
the  pulfe.  The  caufe  of  this  difference  of  colour 
is  unqueflionably  owing  to  fome  change  pro- 
duced upon  the  venous  blood  as  foon  as  received 
in  the  lungs,  for  the  blood  coming  to  the  heart 
from  the  different  veins  of  the  body,  goes  from 
thence  to  the  lungs  by  the  pulmonary  artery, 
black-red , and  returns  from  the  lungs  by  the 
pulmonary  veins,  vermillion  red.  This  fall  was 
©bferved  long  before  the  caufe  was  accounted 
k PhiLTranf.  1 79  7. 


for,  though  the  circumftance  of  air  being  con^ 
ftantly  admitted  into  the  lungs  made  it  probable 
that  the  air  was  in  fome  way  or  other  the  caufe 
of  this  change,  and  it  had  been  thus  conje&ured 
by  feveral  phyfiologifts. 

The  experiments  of  Dr.  Prieflley  are  the  firft 
which  direllly  tended  to  confirm  this  very  pro- 
bable opinion,  by  fhewing  that  the  contalt  of 
air  will  produce  the  fame  change  of  colour  out 
of  the  body  as  in  it.  This  eminent  philofopher 
took  part  of  the  cralfamentum  of  the  venous 
blood  of  a fheep, 1 laid  it  on  a net  of  gauze  or 
wire,  and  introduced  it  into  different  kinds  of 
air.  Common  air  foon  gave  it  a florid  red 
colour,  but  dephlogiflicated  (oxygen)  air  pro- 
duced this  change  in  a much  more  compleat 
and  rapid  manner.  On  the  other  hand  the 
brightefl  red  blood  became  prefently  black  in 
hydrogen,  nitrous  gas*  azot  and  any  other  air 
unfit  for  refpiration.  Now  as  common  air  is 
compofed  of  oxygen  and  azot,  and  as  the  former 
gives  a florid  arterial  colour  to  venous  blood, 
but  the  latter  only  renders  it  darker,  approach- 
ing to  black,  it  follows  that  it  is  only  the  oxy- 
genous part  of  the  atmofphere  which  effells 
this  change  of  colour  in  the  lungs.  From  the 
fame  caufe  it  is  owing  that  the  furface  of  venous 
cralfamentum  gradually  becomes  of  a bright  red 
in  coagulation,  whilft  the  under  part  is  nearly 
black  j and  if  the  coagulum  is  turned  up  fide 
down,  the  part  that  was  at  the  bottom,  being 
now  in  contacl  with  air,  gradually  affumes  the 
fame  florid  hue. 

The  blood  however  is  not  in  a&ual  contall 
with  the  air  in  the  lungs,  being  feparated  from 
it  by  the  fine  membrane  (thinner  than  the 
thinned  bladder)  which  lines  the  air-cells  and. 
the  coats  of  the  extreme  ramifying  velfels  of 
the  pulmonary  artery  and  veins.  Hence  it  is 
requifite  to  do  away  the  objection  that  might 
arife  from  this  fource  againft  the  opinion  of  the 
allion  of  air  on  venous  blood,  to  ftiew  that  the 
interpofition  of  a thin  membrane  does  not  pre- 
vent their  mutual  allion.  Dr.  Prieftley  accord- 
ingly found  that  when  black  blood  was  tied  up 
in  a bladder,  moiftened  with  ferum  and  expofed- 
to  air,  the  change  to  florid  colour  was  produced 
nearly  as  foon  as  when  freely  immerfed  in  air.. 

Another  objellion  to  be  removed  was  that, 
the  colouring  part  of  blood  is  in  its  natural: 
ftate  mixed  with  and  immerfed  in  ferum,  which 
malt  have  fome  effell  in  feparating  it  from  the 
allual  contall  of  air,  but  Dr.  Prieftley  alfo 
found  that  the  fame  change  of  colour  happened^ 
when  a piece  of  cralfamentum  was  covered  even: 
* Experiments  on  Air,  vol.  iii. 
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to  fome  inches  with  clear  ferum.  On  the  other 
hand  the  llighteft  coating  of  oil,  or  even  water, 
totally  protected  the  black  craffamentum  from 
this  adlion  of  air,  fo  that  there  is  fomething 
very  unaccountable  and  furprizing  in  this  fup- 
pofed  power  of  ferum  to  tranfmit  the  influence 
of  air.  Milk  is  fimilar  to  ferum  in  this  refpecl. 

The  change  of  florid  blood  back  to  dark- 
coloured  cannot  however  with  fo  much  certainty 
be  inferred  to  be  occafloned  by  any  unrefpirable 
air,  for  though  it  does  take  place  under  thefe 
circumftances,  it  will  alfo  happen  when  arterial 
blood  is  Amply  kept  in  a glafs  tube  hermetically 
fealed  for  fome  days,  and  if  kept  in  a warm 
temperature  the  black  colour  appears  much 
fooner.  Haffenfratz  alfo  found  that  arterial 
blood  loft  its  florid  colour  and  became  of  a pur- 
ple red  in  a few  days,  even  though  kept  in 
conftant  contadb  with  oxygen  gas. 

It  is  ftill  doubtful  what  is  the  precife  a£Iion 
of  oxygen  on  venous  blood  in  changing  it  to 
arterial,  but  thefe,  and  a multitude  of  other 
curious  enquiries  on  the  chemical  adlion  of  the 
gafes  on  blood,  belong  more  peculiarly  to  the 
fubjedt  of  refpiration. 

All  the  ftronger  acids  when  added  to  blood 
darken  its  colour  at  the  fame  time  that  they 
coagulate  its  albumen.  Sulphuric  acid  chars  it, 
as  it  does  moft  vegetable  and  animal  matter, 
with  difengagement  of  fulphureous  acid  gas. 
Nitric  acid  difengages  much  azot,  and  the 
refidue  contains  adipocire  mixed  with  oxalic 
acid.  The  oxygenated  muriatic  acid  imme- 
diately renders  it  as  black  as  ink,  a very  curious 
circumftance  which  would  not  beforehand  be 
expedfed  confidering  the  very  oppofite  effedt  of 
oxygen  gas. 

The  vegetable  acids  adf  on  it  but  feebly,  the 
gallic  at  once  detedfs  the  prefence  of  iron. 
Alkalies  render  blood  more  fluid,  and  rediflolve 
the  coagulum  formed  either  fpontaneoufly  or  by 
acids. 

Blood  very  readily  putrefies  in  a warm  place, 
during  which  it  becomes  excefiively  fetid,  the 
coagulum  lofes  its  texture,  and  finally  much 
ammonia  and  carbonic  acid  are  difengaged. 

The  effects  of  mere  heat  upon  entire  blood 
remains  to  be  mentioned.  If  kept  at  a heat 
not  exceeding  that  of  boiling  water  it  coagulates, 
becomes  of  a liver-brown,  and  by  frequent 
ftirring  dries  up  into  a black  greafy-feeling 
pafte,  ftrongly  attracted  by  the  magnet  and 
capable  of  being  kept  in  a dry  place  without 
.alteration  for  a great  length  of  time.  If  gently 
jmoiftened  it  becomes  covered  with  effloref- 


cences  of  carbonat  of  foda.  If  the  dried  blood 
is  further  heated  in  an  open  crucible  it  foftens, 
puffs  up,  takes  fire,  and  burns  with  a ftrong 
flame  and  a very  fetid  fmell.  The  products  of 
this  combuftion  are  firft  an  ammoniacal  water, k 
then  a pungent  vapour  of  carbonated  ammonia, 
then  a denfe  yellow  fmoke,  and  after  it  fome 
pruffic  acid,  diftinguilhable  by  its  fmell  like 
bitter  almonds,  and  laftly  jets  of  phofphoric 
flame,  arifing  from  the  decompofition  of  the 
phofphoric  falts  by  means  of  . the  carbon  of  the 
blood.  Carbonat  of  foda  is  left  behind,  mixed 
with  a black  cryftalline,  nearly  metallic  oxyd 
of  iron,  a charcoal  alfo  ferrugineous,  and  phof- 
phat  of  lime,  with  a little  muriat  of  foda  and 
of  potalh.  If  the  dried  blood  is  calcined  in  an 
earthen  retort,  the  products  are  fomewhat  dif- 
ferent but  equally  ftrongly  ammoniacal,  and  the 
coal  has  a remarkably  gliftening  metallic  appear- 
ance, much  refembling  plumbago  and  very 
difficult  to  burn  to  allies. 

Blood  is  of  no  inconfiderable  ufe  out  of  the 
body.  Some  people  ufe  the  blood  of  cattle 
largely  as  food  mixed  with  meal  of  one  kind  or 
another.  When  intended  for  this  purpofe  it  is 
ftirred  brilkly  as  it  flows  from  the  vein,  where- 
by, as  above  mentioned,  its  coagulation  is  pre- 
vented, and  it  is  then  ftirred  into  the  meal  and 
dried,  or  cooked  in  any  other  way.  The  coagu- 
lating property  of  blood  renders  it  of  confider- 
able  ufe  in  clarifying  thick  mucilaginous  liquors. 
Cyder  is  fometimes  fined  in  this  method,  be- 
ing limply  beat  up  cold  with  blood  and  put 
into  a barrel.  On  Handing  a day,  the  entire 
coagulum  of  the  blood,  with  the  impurities  of 
the  cyder,  are  found  lying  at  the  bottom  in  a 
tough  cake,  and  the  liquor  above  is  quite  trans- 
parent and  nearly  colourlefs.  1 

Pruflian  blue  is  alfo  made  by  firft  calcining 
blood  with  an  alkali,  whereby  the  pruffic  acid, 
which  as  above  mentioned  flies  off  during  cal- 
cination per  fe,  is  detained  in  union  with  the 
alkali,  and  is  afterwards  made  into  Prussian 
Blue  by  fulphat  of  iron.  Laftly,  blood  is  emi- 
nently ufeful  as  a manure,  and  as  a material 
for  generating  Nitre. 

BLOW  - PIPE  is  a very  important  article 
of  Chemical  Apparatus.  (See  the  Appen- 
dix.) 

BLUE  (Mountain)  is  a beautiful  ore,  a native 
Carbonat  of  Copper. 

BLUE  (Pruffian).  See  Prussian  Blue. 

BLUE  (Saxon)  is  a folution  of  Indigo  in 
fulphuric  acid,  much  ufed  in  fome  kinds  of 
dyeing,  efpecially  of  filk. 
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BOG-ORE  of  iron  is  a native  mixed  car- 
bonat  and  phofphat  of  iron.  See  Iron. 

BOLE.  1 Bol,  Brochant  and  Emmerling. 
Argilla  bolus , Werner. 

The  colour  of  this  mineral  is  generally  an 
obfcure  Ifabella  yellow,  or  reddilh  or  whitilh 
brown,  it  is  alfo  met  with  of  a greyifh  yellow 
or  flelh-red,  and  marked  with  black  fpots  or 
dendritical  figures.  It  is  generally  maflive,  fel- 
dom  difieminated.  It  poflefles  a flight  glimmer- 
ing internal  luftre.  Its  fra&ure  is  perfe&ly 
conchoidal.  It  flies  when  broken  into  irregular 
fharp-edged  fragments.  The  dark  coloured 
varieties  are  opake,  the  lighter  coloured  are 
more  or  lefs  tranflucid.  It  has  a greafy  feel, 
adheres  ftrongly  to  the  tongue,  gives  a finning 
Break,  is  foft  and  eafily  frangible.  Sp.  gr.  1.4 
to  2.0. 

When  put  into  water  it  abforbs  a portion 
with  great  eagernefs,  and  then  with  a very 
fenfible  crackling  noife  breaks  down  into  fmall 
fragments,  but  is  not  reduced  to  an  impalpable 
powder.  When  finely  pulverized  and  diffufed 
through  boiling  water,  it  remains  a much  fhorter 
time  fufpended  in  this  fluid  than  any  of  the 
plaftic  clays  are,  and  is  totally  feparable  by 
filtration. 

When  expofed  to  the  a£tion  of  the  blowpipe 
it  turns  black  and  melts  without  addition  into  a 
porus,  greenifh-grey  flag. 

According  to  Bergman6  the  Lemnian  bole 
contains 

47.0  filiceous  powder, 

5.4  carbonated  lime, 

6.2  carbonated  magnefia, 

21.0  alumine, 

5.4  oxyd  of  iron, 

17.0  water  and  volatile  matter. 

102.0 


Bole  occurs  in  beds  of  wakke  at  Strigau  in 
Silefia,  and  in  bafalt  at  Scheibenberg  in  Saxony. 
It  is  alfo  found  in  Tufcany  and  Sienna  in  Italy, 
and  in  the  ifland  Lemnos  in  the  Archipelago. 

The  only  ufe  of  bole  at  prefent  is  as  a coarfe 
red  pigment ; for  which  purpofe  it  is  calcined 
and  levigated,  and  is  vended  in  Germany  under 
the  names  of  Berlin  and  Englifh  red.  Anciently 
it  ufed  to  be  an  efteemed  article  in  the  materia 
medica,  for  which  purpofe  not  only  the  true 
bole  but  many  of  the  bolar  earths  and  clayey 
marls  were  made  up  into  fmall  cakes  imprefled 
on  one  fide  with  the  figure  of  a goat,  or  the 


feal  of  the  governor  of  Lemnos,  & c.  and  kept 
in  the  druggifts’  fhops  under  the  general  name 
of  Terra: f gill  at  a. 

BOLOGNIAN  Stone.  A fpecies  of  native 
fulphat  of  barytes,  from  which  a remarkable 
pyrophorus,  or  phofphorelcent  fubftance  is  pre- 
pared. See  Phosphori  (Solar)  and  Heavy- 
Spar. 

BOLT-HEAD  an  article  of  chemical  appa- 
ratus, is  a globular  matrafs  with  a long  narrow 
neck.  See  the  Appendix. 

BOMBIC  Acid.  The  natural  juices  of  fome 
infers  have  been  found  to  contain  an  uncom- 
bined acid  of  no  inconfiderable  ftrength.  One 
of  thefe  is  the  filk-worm.  This  was  detected 
by  Chauffier,  from  the  circumftance  of  blue 
paper  having  been  accidentally  laid  near  thefe 
infe&s  while  changing  to  the  chryfalis-ftate, 
being  found  covered  with  red  fpots,  a3  if  drops 
of  acid  had  been  fpilled  upon  it. 

To  prepare  it  he  bruifed  15  ounces  of  filk- 
worm  chryfalides  in  a mortar,  and  by  exprelfion 
through  a linen  cloth  he  obtained  9 ounces  of  a 
thick  yellowilh  juice,  ftrongly  acid,  but  mixed 
with  much  animal  mucilage  and  other  matter. 
As  this  would  foon  putrify  and  deftroy  the  acid 
he  added  firft  2 ounces  of  alcohol  and  filtered 
the  liquor,  then  added  more  alcohol  as  long  as 
any  precipitate  was  formed.  This  precipitate 
was.  animal  mucilage  and  other  impurities,  in- 
foiuble  in  alcohol  whilft  the  acid  remained  in 
folution  with  tire  fpirit.  A flrorter  and  better 
method  is  limply  to  infufe  the  chryfalides  in  al- 
cohol, which  readily  extradts  the  acid,  becoming 
thereby  of  an  orange  colour,  and  afterwards 
this  may  be  concentrated  by  a gentle  heat, 
which  will  evaporate  mod  of  the  fpirit  and  leave 
the  acid  pure  after  filtration. 

The  bombic  acid  will  unite  with  the  alkalies 
and  with  many  of  the  metals,  forming  falts, 
called  in  the  modern  nomenclature  bombiats , but 
which  are  altogether  unknown. 

BORACIC  ACID. c Sedative  Salt.  Acide 
Boracique.  Boraxfaure. 

This  fubftance  was  firft  difcovered  in  1 702, 
by  Homberg,  who  by  heating  together  in  a fub- 
liming  vefiel  a mixture  of  borax  and  fulphat  of 
iron  obtained  a white  cryftalline  fait,  which 
from  its  fuppofed  medical  qualities  he  named 
volatile  narcotic  fait  of  vitriol , or  fedative  fait , 
imagining  that  it  was  produced  from  the  vitriol. 
Lemery  the  fon,  however  obtained  the  fame  fait 
foon  after  by  treating  borax  with  the  fulphuric, 
nitrous,  and  muriatic  acids,  thus  fhowing  that 
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the  vitriol  in  Homberg’s  experiment  a£ted  only 
in  confequence  of  the  acid  which  it  contained. 
In  1788,  Weftrumb  pubiilhed  his  difeovery  of 
the  prefence  of  boracic  acid  in  a mineral,  which 
on  that  account  has  fmee  been  called  boracite ; 
and  about  the  fame  time  M.  Hoefer  found  this 
acid  in  the  water  of  fome  of  the  Tufcan  lakes. 
The  water  of  lake  Cherchiajo,  in  the  territory 
of  Sienna,  which  is  fupplied  from  a boiling  hot 
fpring  of  a fulphureous  odour,  contains  about 
j^o  of  boracic  acid : that  of  the  lake  of  Caftel 
Nuovo  contains  a little  more  than  and  a 
hot  fpring  near  Salto,  in  Sienna,  depofits  a con- 
crete fait,  confiding  of  boracic  acid  mixed  with 
about  of  fulphat  of  manganefe.  d The  term 
boracic  acid  was  appropriated  to  this  fait  by 
Lavoifier  and  his  aflbeiates  at  the  general  re- 
formation of  the  chemical  nomenclature. 

Boracic  acid  may  be  prepared  in  two  ways  ; 
either  by  direct  fublimation  or  precipitation. 
The  belt  method  of  obtaining  it,  according  to 
the  former  of  thefe  precedes,  is  the  following. 
Take  two  parts  of  purified  borax  reduced  to  a 
fine  powder,  and  mix  them  in  a glafs  alembic 
with  one  part  of  fulphuric  acid,  previoully 
diluted  with  an  equal  weight  of  water : on  the 
application  of  a gentle  heat  the  borax  will  dif- 
folve,  and  at  a boiling  temperature  there  will 
firlt  rife  an  acidulous  water,  and  afterwards, 
when  the  mafs  in  the  alembic  begins  to  grow 
thick,  a light  white  glittering  micaceous  fait 
Will  collect  in  the  capital,  which  is  the  boracic 
acid.  As  this  fait  fublimes  only  while  the  lad 
portions  of  moidure  are  evaporating,  it  is  necef- 
fary  to  return  back  repeatedly  the  acidulous 
Water  upon  the  mafs  in  the  alembic,  in  order 
to  obtain  the  whole  of  the  boracic  acid ; but 
this  being  a tedious  operation  and  generally 
terminating  in  the  fracture  of  the  alembic,  is  at 
prefent  but  little  pra£fifed. 

The  mod  expeditious  and  economical  way  of 
preparing  the  boracic  acid  is  by  precipitation. 
For  this  purpofe  take  a boiling  hot  faturated 
l'olution  of  purified  borax  in  water,  and  add  to 
it  by  a little  at  a time  fo  much  fulphuric  acid  as 
to  make  the  folution  flightly  acidulous.  The 
liquor  when  cold  will  be  found  to  have  depofited 
a confiderable  quantity  of  thin  crydalline  plates 
of  boracic  acid,  and  more  may  be  obtained  by 
fucceflive  evaporation  and  cooling,  till  crydals 
of  fulphaled  foda  begin  to  make  their  appear- 
ance. The  fulphuric  acid  is  on  feveral  accounts 
preferable  to  any  other  for  the  decompofition  of 
the  borax  ; yet  the  nitric,  muriatic,  or  even  the 
acetous  acids  may  be  made  ufe  of. 

* Klaproth,  Analyt,  Eft.  ii.  p,  75. 


The  proportion  of  acid  obtained  by  precipi- 
tation amounts,  according  to  Beaume,  to  nearly 
one  half  of  the  borax  made  ufe  of ; and  it  is 
this  kind  of  boracic  acid  that  has  been  employed 
by  mod  chemifts  in  their  experiments  on  this 
fubftance.  The  precipitated  acid  is  however 
by  no  means  pure.  Cadet e has  clearly  fhown 
that  after  repeated  lotions  hi  cold  water,  and 
even  folutions  in  alcohol,  it  retains  a very  fen- 
fible  portion  of  the  acid  by  which  it  has  been 
precipitated  ; by  which  mixture  its  own  proper- 
ties are  in  many  rel'pe&s  modified  and  altered. 
Beaume’s  analyfis  renders  it  alfo  probable  that 
befides  the  precipitant  the  common  boracic  acid 
contains  foda,  and  is  perhaps  only  borat  of  foda 
with  excefs  of  acid,  as  borax  is  borat  of  foda 
with  excefs  of  alkali.  100  parts  of  boracic  acid, 
according  to  this  able  chemift,  contain 
56  boracic  acid, 

14  an  impure  unfublimable  fait, 

30  water  of  cryftallization. 
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The  moft  accurate,  and  upon  the  whole  the 
mod  expeditious  way  of  obtaining  boracic  acid 
in  a Hate  fufficiently  pure  for  chemical  experi- 
ment, is  to  decompofe  the  borax  by  muriatic 
acid,  and  then  fufe  the  precipitated  fait  in  a 
filver  crucible  in  order  to  drive  off  the  portion 
of  muriatic  acid  with  which  it  is  combined : 
the  vitreous  boracic  acid  being  then  finely  pul- 
verized, mull  be  put  into  an  alembic  with  water, 
and  pure  fublimed  boracic  acid  will  be  obtained 
much  more  eafily  than  by  heating  together  borax 
and  fulphuric  acid. 

Sublimed  boracic  acid  is  in  the  form  of  very 
minute  thin  plates,  with  a fhining  filvery  luftre 
and  remarkably  voluminous  in  proportion  to  its 
weight.  The  cryftallized  acid  has  the  fame 
general  appearance,  only  it  is  in  larger  plates 
and  of  confiderably  greater  fpecific  gravity. 
Pure  boracic  acid  has  not  yet  been  the  fubjeft 
of  any  recorded  experiments ; the  properties  of 
the  precipitated  acidulous  fait  are  the  following. 

Its  tafte  is  flightly  fubfaline  ; it  reddens  fyrup 
of  violets  but  exhibits  very  feeble  acid  characters: 
if  prepared  by  the  acetous,  nitric  or  muriatic 
acids  it  lets  them  go  in  a vaporous  or  galfeous 
ltate  when  diftilled  with  fulphuric  acid.  It  is 
very  fparingly  foluble  in  cold  water,  and  a pound 
troy  of  this  fluid,  even  when  boiling,  will  take 
up  no  more  than  150  grains : as  the  water  cools, 
it  depofits  in  cryftalline  plates  nearly  the  whole 
of  the  acid  that  it  had  diflolved.  Alcohol  takes 

• Mem.  Acad.  1780.  p.  583. 
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up  a larger  quantity  of  this  fait  than  water  does, 
and  burns  in  confequence  with  a green  flame  ; 
hence  boracic  acid  has  by  fome  chemifts  been 
fuppofed  to  contain  copper.  But  if  a piece  of 
paper  is  dipped  in  the  alcoholic  folution  and 
then  dried,  it  will  burn  with  a deep  yellow 
flame,  it  is  therefore  obvious  that  the  green 
tinge  in  queftion  is  only  caufed  by  a mixture  of 
the  yellow  flame  of  the  boracic  acid  with  the 
blue  one  of  the  alcohol.  Other  fubftances 
which  tinge  flame  of  a blue  colour,  fuch  as 
fulphur  and  common  fait,  when  mixed  with 
boracic  acid  burn  green. 

When  boracic  acid  is  heated  to  rednefs  in  a 
filver  crucible,  it  becomes  firft  of  a pafty  con- 
fidence and  then  melts  into  a tenacious  glafs, 
perfe&ly  colourlefs  and  tranfparent : by  ex- 
pofure  to  the  air  this  glafs  becomes  opalefcent, 
but  does  not  undergo  any  other  change.  It  is 
foluble  in  hot  water,  and  may  be  obtained  by 
cooling,  in  the  date  of  crydalline  plates  as  be- 
fore. When  fufed  in  an  earthen  crucible  it 
diflolves  fome  of  the  earth  and  forms  a femi- 
tranfparent  glafs  confiderably  lefs  fufible  than 
the  pure  acid;  which  when  difl'olved  in  water  and 
evaporated  becomes  a gelatinous  mafs,  fuper- 
ficially  covered  with  a few  crydals  of  boracic 
acid.  Neither  the  oxygenizing  nor  deoxygenizing 
procefies  appear  to  have  the  fmalled  effect  on 
this  acid,  and  all  attempts  to  decompofe  it, 
numerous  as  they  have  been,  have  not  been 
attended  with  the  fmalled  fuccefs. 

Boracic  acid  unites  in  the  moid  way  with  the 
caudic  alkalies,  and  by  double  affinity  with  the 
earths  and  metallic  oxyds,  except  gold,  platina, 
filver,  bifmuth  and  manganefe.  It  is  faid  to 
decompofe  nitrat  of  mercury  by  Angle  affinity ; 
but  this  is  in  all  probability  owing  to  the  muri- 
atic or  fulphuric  acid  with  which  it  is  combined, 
for  if  it  is  prepared  with  nitric  acid  no  fuch 
effecft  takes  place. f The  order  of  its  attra&ions 
in  the  humid  way,  according  to  Bergman,  is, 
lime,  barytes,  magnefia,  potaffi,  foda,  ammonia, 
zinc,  iron,  lead,  tin,  cobalt,  copper,  nickel,  mer- 
cury and  alumine.  In  folution  it  yields  thefe 
bafes  to  almod  every  other  acid. 

In  the  dry  way  boracic  acid  unites  with  the 
alkaline  earths,  phofphat  of  lime,  the  fixed 
alkalies,  the  metallic  oxyds,  filex  and  alumine ; 
and  on  account  of  its  great  fixity  and  fufibility 
it  diflodges  all  the  acids,  except  the  phofphoric, 
from  their  combinations. 

It  has  no  effect  on  the  refins : but  a faturated 
folution  of  it  in  boiling  water  is  mifcible  with 
the  gum-refins  and  oils  into  an  imperfebl  fapo- 

f Cadet  in  Mem  Acad  i;8o,-p.  e8j 


naceous  compound.  It  is  alio  faid  to  retard  the 
coagulation  of  milk. 

The  combinations  of  boracic  acid  with  the 
falifiable  bafes  are  called  Borats>  a genus  of 
falts  hitherto  very  little  known.  Thofe,  con- 
cerning which  we  are  not  wholly  ignorant,  are 
the  following. 

Borat  of  Potash. 

This  fait  is  prepared  by  boiling  boracic  acid 
in  a folution  of  caultic  potaffi,  either  to  exadf 
faturation  or  fo  as  to  leave  a flight  excefs  of 
alkali ; in  this  latter  cafe  it  cryftallizes  in  pretty 
large  four-fided  prifms,  has  a fub-alkaline  tafte, 
is  permanent  in  the  air,  and  w hen  expofed  to 
heat  firft  fwells  and  foams  and  then  runs  into  a 
clear  glafs. 

SuB-BORAT  OF  SODA.  BORAX. 

Borax  is  a faline  fubftance  that  has  hitherto 
been  found  only  in  Tibet,  s It  is  procured  from 
a lake  fituated  among  the  mountains,  fifteen 
days  journey  from  Tifoolumbo  the  capital,  and 
entirely  fupplied  by  fprings,  no  ftreams  either 
falling  into  or  flowing  from  it.  The  water  has 
a fait  tafte  and  contains  both  borax  and  common 
fait,  and  on  account  of  its  elevated  fituation  is 
frozen  for  a great  part  of  the  year.  The  edges 
and  {hallows  of  the  lake  are  covered  with  a 
ftratum  of  borax  which  is  dug  up  in  confider- 
able  mafles,  and  the  holes  thus  made  are  gra- 
dually filled  by  a freffi  depofition  : from  the 
deeper  parts  of  the  lake  common  fait  is  pro- 
cured. The  borax  in  its  rough  ftate  is  called 
tincal,  and  is  brought  to  Europe  in  the  form  of 
a brownifh-grey  impure  amorphous  fait,  or  in 
detached  cryftals  about  an  inch  in  length,  of  a 
pale  greenifh  hue,  and  in  the  form  of  compreffed 
liexahedral  prifms. 

The  purification  of  borax  is  an  art  which  wras 
firft  difeovered  by  the  Venetians,  afterward* 
paffed  to  the  Dutch,  and  is  now  pradtifed  in 
great  perfection  by  fome  Engliffi  chemifts.  The 
procefs  is  as  yet  kept  a fecret,  but  in  all  pro- 
bability confifts  of  calcination,  folution  and 
crvftaliization.  The  crude  borax  is  often  covered 
with  an  oily  or  greafy  matter  to  prevent  it  from 
efflorefeing,  and  on  this  account  is  not  eafily 
afted  on  by  hot  water.  It  appears  however 
that  by  expofing  the  tincal  to  a calcining  heat 
lower  than  its  point  of  fufion,  the  greafe  may 
be  burnt  off  and  the  other  inflammable,  im- 
purities got  rid  of ; the  refidue  being  then 
reduced  to  a fine  powder  and  digefted  in  boiling 
w ater,  the  faline  parts  will  be  diffolved,  leaving 
moft  of  the  impurities  behind. 

Borax  when  quke  pure  is  in  colourlefs  cryf- 
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talline  mades,  very  (lightly  efflorel'cent  on  ex- 
poi'ure  to  the  air.  Its  (pecific  gravity,  according 
to  Kirwan,  is  1.74.  Its  tafte  is  fomewhat 
fweetifh  and  fenfibly  alkaline : it  turns  fyrup  of 
violets  green,  (hewing  therefore  an  excefs  of 
alkali  in  its  coinpofition.  It  contains  by  Kirwan’s 
anal  y (is 

34  boracic  acid, 

17  foda, 

47  water  of  cryftallization. 
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Borax  when  expoied  to  a dry  heat  fpeedily 
di  lib  Ives  in  its  water  of  cryftallization,  it  then, 
as  the  raoifture  evaporates,  becomes  of  an  opake 
white  colour,  and  a voluminous  fpungy  texture 
like  burnt  alum.  If  the  heat  is  encreafed  to  a 
moderate  rednefs  it  liquefies,  and  when  cool 
appears  as  a colourlefs  tranfparent  glafs.  If 
poured  out  of  the  crucible  in  order  to  cool,  it 
fhould  be  transferred  as  foon  as  it  becomes  folid 
to  a covered  bafon  or  other  proper  vefiel,  for  it 
always  cracks  and  flies  to  pieces  before  it  grows 
cold.  Borax  when  thus  fufed  is  called  glafs  of 
borax.  By  expofure  to  the  air  it  acquires  the 
appearance  of  chalcedony  on  account  of  the 
partial  efflorefcence  that  it  undergoes.  If  made 
in  a filver  crucible,  or  if  hajlily  melted  in  an 
earthen  one,  it  is  perfeCHy  refoluble  in  water, 
hut  when  kept  fluid  for  a long  time  in  a com- 
mon crucible  it  diflolves  a portion  of  the  earth 
of  the  vefl’el  and  becomes  little  if  at  all  foluble 
in  water. 

Cryftallized  borax  requires  twelve  parts  of 
water  at  the  common  temperature  for  its  folu- 
tion,  but  only  fix  parts  of  boiling  water ; it 
therefore  depofits  cryftals  by  mere  cooling. 

Borax  is  decompofable  by  all  the  mineral  and 
vegetable  acids  when  added  to  excefs,  the  boracic 
acid  being  feparated  and  the  foda  uniting  with 
the  other  acid  j but  if  only  the  excefs  of  foda  is 
combined  with  the  other  acid,  the  whole  by 
evaporation  and  cooling  forms  a confufedly  cryf- 
tallized mafs,  in  which  the  three  ingredients 
appear  to  be  in  mutual  combination.  Borax 
will  alfo  diflolve  and  combine  with  nearly  half 
its  weight  of  boracic  acid,  forming  borat  of  foda. 
In  this  fait  the  acid  and  alkaline  parts  compleatly 
faturate  each  other,  fo  that  it  produces  no 
change  on  fyrup  of  violets,  neither  does  it  pof- 
fcfs  any  longer  an  alkaline  tafte : it  does  not 
efflorefce  like  common  borax,  nor  are  the  forms 
of  its  cryftals  the  fame.  The  affinity  of  foda 
for  boracic  acid  is  not  fo  great  as  that  of  barytes, 
ftrontian,  lime  and  magnefia ; thefe  alkalin^ 


earths  therefore  decompofe  borax,  the  pure 
alkali  remaining  in  folution,  and  the  earthy  borats 
forming  pulverulent  infoluble  falts.  Potafh  is 
alfo  capable  of  decompofmg  borax,  but  borat  of 
potafh  being  very  foluble  in  foda,  no  precipi- 
tation takes  place.  Silex  and  alumine  combine 
in  the  dry  way  with  borax,  the  former  into  a 
tranfparent,  the  latter  into  an  opake  glafs.  If 
the  ingredients  are  in  nearly  equal  proportions 
the  glafs  is  infoluble  in  the  mineral  acids,  but  if 
a confiderable  excefs  of  borax  is  employed,  the 
refult  is  a foluble  glafs.  Of  this  circumftance 
Mr.  Chenevix  has  ingenioufly  taken  advantage, 
by  fubftituting  borax  for  cauftic  potafh  in  the 
analyfis  of  the  more  refractory  ftony  compounds, 
the  ufe  of  the  former  fait  being  on  many  ac- 
counts much  more  convenient  than  that  of  the 
latter.  Borax  will  alfo  diflolve  moft  of  the 
metallic  oxyds,  receiving  from  each  of  them 
peculiar  tinges  of  colour. 

The  ufes  of  borax  are  confiderable : it  is 
employed  in  the  laboratory  as  a very  active  flux, 
and  as  producing  a more  perfectly  limpid  fufion 
than  any  other  fubftance.  For  the  fame  reafon 
it  is  an  ingredient  in  fome  of  the  finer  kinds  of 
glafs  •,  though  its  dearnefs  prevents  it  from  being 
employed  fo  often  as  it  otherwife  might  be  to 
great  advantage.  Borax  is  alfo  highly  ufeful 
to  the  jewellers  and  goldfmiths  as  a flux  for  the 
folder  by  which  pieces  of  gold  and  filver  are 
cemented  together ; and  in  the  Eaft  Indies  it  is 
employed  in  the  moift  way  as  a folvent  for  gum 
Lac. 

Borat  of  Ammonia. 

Boracic  acid  digefted  with  liquid  ammonia 
depofits  fmall  rhomboidal  octahedrons  of  a (harp 
and  fomewhat  urinous  tafte.  This  fait  changes 
the  colour  of  fyrup  of  violets  green,  (hewing 
an  excefs  of  alkali : it  undergoes  no  aCtion  from 
the  air  except  a flight  fuperficial  efflorefcence. 
When  expofed  to  a melting  heat,  according  to 
Wenzel,  the  ammonia  flies  off  and  the  acid 
vitrifies,  except  a fmall  portion  that  is  volati- 
lized with  the  water  of  cryftallization.  Accord- 
ing however  to  Laffone,  this  fait  melts  entire 
into  a greyifh  glafs,  which  by  folution  in  water 
gives  the  fame  kind  of  cryftals  as  before  its 
fufion.  The  fixed  alkalies,  both  in  the  moift 
and  dry  way  decompofe  it  by  combining  with 
the  acid. 

Borat  of  Lime. 

A folution  of  boracic  acid  mixed  with  lime 
water  becomes  immediately  turbid,  and  after  a 
while  a pulverulent  precipitate  falls  down,  which- 
is  borat  of  lime.  It  is  fufible  at  a full  red  heat> 
into  a white  femitranfparent  glafs.  Two  parts 
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of  chalk  with  one  of  fedative  fait,  give  by  fufion 
in  an  earthen  crucible  a very  hard  yellow  glafs 
which  (trikes  fire  plentifully  with  fteel : if  the 
proportions  are  inverted,  the  refult  is  a fome- 
v/hat  fofter  glafs  which  often  runs  through  the 
crucible.  Three  parts  of  earth  of  bones  with 
one  of  fedative  fait,  gives  a white  porcellanous 
mafs  of  extreme  hardnefs.  h 

Borat  of  Magnesia. 

Magnefia  by  long  digeftion  with  boracic  acid 
is  (lowly  diflolved,  and  the  liquor  by  cooling- 
depofits  cryftalline  grains  of  borat  of  magnefia, 
which  are  exceedingly  difficult  of  folution  in 
water.  Paper  dipped  in  a folution  of  this  fait 
and  afterwards  dried,  burns  with  a yellowiffi- 
green  flame.  Alcohol  in  a great  meafure  de- 
compofes  it,  taking  up  the  acid  and  leaving  the 
earth  behind.  According  to  Achard  * one  part 
of  fedative  (alt  fiifed  with  two  parts  of  car- 
bonated magnefia  affords  a yellow  porous  vitref- 
cent  mafs,  which  corrodes  the  crucible  and- 
gives  fire  with  fteel. 

Borat  of  Alumine. 

If  newly  precipitated  undried  earth  of  alum 
is  digefted  with  boracic  acid,  and  the  clear  folu- 
tion then  evaporated,  there  will  be  depofited 
minute  cryftals  mixed  with  a gummy  fubftance 
sjf  a remarkably  ftyptic  tafte.  This  gummy 
matter  appears  to  be  chiefly  borat  of  alumine. 
It  is  decompofed  in  the  moift  way  by  magnefia, 
lime  and  the  alkalies,  and  by  a melting  heat 
runs  into  a glafs.  One  part  of  dried  earth  of 
alum  mixed  with  four  parts  of  fedative  fait,  by 
expofure  to  a ftrong  heat  underwent  little  or  no 
alteration,  except  that  the  infide  of  the  crucible 
was  ftudded  with  fmall  white  very  brilliant 
cryftals.  k 

BORAX.  (See  the  preceding  article.) 

BORACITE.  b Borazit , W urfeljlein,  Mag- 
nefte  boratee  of  Hauy. 

The  colour  of  this  mineral  is  yellowiffi,  fmoak 
or  affi-grey,  paffing  into  greyiffi  or  greeniffi- 
white.  It  occurs  in  fmall  cubic  cryftals  trun- 
cated on  the  angles.  The  cryftals  are  for  the 
molt  part  opake,  fome  are  femitranfparent,  and 
a few  of  the  fmalleft  are  entirely  tranfparent. 
Their  luftre  internally  is  confiderable  and  of  the 
vitreous  kind.  The  fra&ure  is  fmall  and  flat  con- 
choidal,  paffing  into  uneven  and  fplintery.  The 
cryftals  are  often  more  or  lefs  corroded,  and 
then  are  eafily  pulverizable,  but  when  perfect 
they  are  hard  enough  to  give  brifk  and  lively 
fparks  with  fteel.  Sp.  gr.  2.56. 

Boracite,  when  expofed  to  a full  red  heat,  be- 
comes opake  and  lofes  about  per  cent,  of  its 


weight,  but  undergoes  no  other  change.  When 
intenfely  heated  in  a clay  crucible,  it  runs  into  a 
yellowiffi  glafs.  It  is  entirely  though  with  diffi- 
culty foluble  in  muriatic  acid  by  long  digeftion. 
According  to  the  analyfis  of  Weftrumb  it  con- 
fids  of 

&8  boracic  acid, 

13.5  magnefia, 

11.  lime, 

1.  alumine 

0.75  oxyd  of  iron, 

2.  filex 
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Some  later  experiments  however  of  Vauquelin 
make  the  proportion  of  lime  to  be  much  fmaller, 
and  it  appears  probable  that  the  only  effential 
ingredients  of  this  mineral  are  magnefia  and 
boracic  acid. 

Boracite  is  found  near  Luneburg  in  the  duchy 
of  Brunfwick,  lining  the  fides  of  a vein  in  a 
hill  of  gypfum.  The  cryftals  from  their  ffiape 
were  known  in  the  neighbourhood  by  the  name 
of  wurfelfpath  or  cubic  fpar,  and  were  fup- 
pofed  by  fome  mineralogifts  to  be  a variety  of- 
quartz.  The  prefence  of  boracic  acid  in  them 
was  not  fufpedfed  till  their  analyfis  by  Weftrumb.. 

BONE.  This  important  fubftance  is  found- 
to  compofe  a neceffary  part  of  the  organized 
ftrutfture  of  all  the  mammalia,  of  birds,  of  the 
greater  number  of  fifties,  fome  of  the  reptiles, 
and  the  oviparous  quadrupeds.  In  all,  its  ufe* 
is  to  give  firmnefs  and  fupport  to  the  body, 
and  to  fupply  an  unyielding  fulcrum  for  the- 
origin  and  infertion  of  mod  of  the  mufcles  fub- 
fervient  to  locomotion.  The  fame  fubftance,  a 
little  modified  in  the  proportion  of  its  con- 
diment parts,  alfo  furniffies  many  of  the  natural 
weapons  of  defence,  as  the  teeth,  tufks  of  all 
kinds,  and  the  folid  horns,  fuch  as  the  antlers 
of  the  (tag  or  elk.  On  the  whole,  fo  great  a- 
fimilarity  of  compofition  is  found  in  all  thefe 
varieties  of  bone  that  a general  defeription  ma^r 
fil'd  be  given,  and  the  bone  of  any  quadruped 
(of  the  ox  for  inftance)  may  be  taken  as  an 
example  of  the  whole  genus. 

It  may  be  premifed  that  there  are  at  leaft  two 
other  great  clafles  of  organs  ferving  for.  affault 
or  defence,  deferibed  in  their  proper  places, 
one,  the  cuticular  organs,  nails,  claws,  and 
hoofs,  which  clofely  partake  of  the  chemical 
nature  of  the  fofter  and  lighter  Horns;  and  the 
other,  the  vaft  variety  of  cruftaceous  and  tefe 
taceous  coverings  or  calcareous  habitations  of 


h Achard,  Mem.  de  1’ Asad,  de  Berlin,  1799,  p.  86,  'Ditto.  11  Ditto,  1 Emmerling.  Hauy.  An,  de  Chim.  ii. 
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infects,  chiefly  marine,  which  belong  to  the 
ex  ten  five  chemical  genus  of  Shell. 

Bone  when  firft  taken  from  the  animal  is 
moift  and  greafy  to  the  feel,  and  if  cylindrical 
it  contains  within  its  cavity  a peculiar  fat  called 
marrow.  When  this  is  feparated  and  the  bone 
cleanfed  and  expofed  to  a dry  air  it  gradually 
dries,  becomes  more  brittle  and  whiter,  and 
under  thefe  circumitances  may  be  kept  for  a 
great  length  of  time  without  any  further  fpon- 
taneous  change. 

Bone,  though  to  appearance  quite  dry  and 
hard,  is  however  effentially  compofed  of  certain 
Joft  parts , and  of  an  earth  or  rather  earthy  fait 
befides  other  conftituents  of  lefs  importance, 
and  the  feparation  of  thefe  leading  component 
parts  is  to  be  effected  very  compleatly  by  the 
proper  ufe  of  water,  the  fimpleft  and  leaf!:  ex- 
ceptionable of  all  chemical  reagents.  It  has 
long  been  known  to  common  obfervation  that 
rafped  bone  (hartfhorn  fhavings  for  inftance) 
boiled  in  water,  furnifh  a good  deal  of  clear 
ftrong  jelly,  and  that  uncooked  bones  chopped 
in  pieces  and  added  to  the  other  materials  for 
foup  aflift  much  during  the  boiling  in  giving 
richnefs  and  thicknefs  to  the  liquor. 

By  the  valuable  experiments  of  Pelletier  on 
procuring  glue  from  bones,  a and  thofe  of 
Prouft b on  the  extended  ufe  of  bone  for  human 
nutriment,  the  analyfis  by  water  has  been  car- 
ried to  its  greateft  extent. 

Cold  water  has  very  little  aCtion  on  bone, 
except  in  difpofing  it  after  a confiderable  time 
to  a degree  of  putrefaction.  When  raw  bones 
chopped  in  fmall  pieces  are  put  into  fcalding 
water,  the  firft  effeCt  is  to  difengage  a con- 
fiderable quantity  of  oil  (not  marrow  but  a fat 
naturally  combined  with  the  fubftance  of  bone) 
which  melts  out  by  the  heat  and  rifes  to  the 
iurface  of  the  water,  concreting  when  cold  into 
a fuetty  mafs  which  readily  feparates  from  the 
water.  In  this  way,  by  only  a quarter  of  an 
hour’s  boiling,  Prouft  obtained  from  the  knuckle 
and  other  joint  bones  of  beef  no  lefs  than  one- 
fourth  of  their  weight  of  this  fuet,  which  was 
fine,  white,  and  infipid.  The  (hank  part  of  the 
bone  and  the  heavy  flat  bones  yielded  lefs  of 
this  fat. 

Anatomifts  alfo  conftantly  find  this  fame  oily 
matter  fweating  out  of  the  bones  of  the  flceleton, 
efpecially  about  the  joint  heads  where  the  bones 
are  lighter  and  much  more  open  in  their  tex- 
ture, and  it  requires  long  and  very  careful  pre- 
paration entirely  to  get  rid  of  it. 

If  the  above  chopped  bones,  freed  from  their 


oil,  are  now  ground  down  to  a pretty  fine  pafte, 
and  again  boiled  with  about  ten  times  their  weight 
of  water  for  fome  hours,  till  nearly  half  the 
water  is  wafted,  the  remaining  liquor  will  be 
of  the  confidence  of  thick  foup,  and  when  cold 
will  concrete  into  a fine  clear  yellowifh  ftiff 
jelly,  nearly  about  the  confidence  that  would 
be  produced  by  diflolving  one  ounce  of  glue  in 
thirty-one  ounces  of  water,  and  extremely 
palatable  and  nutritious.  At  the  bottom  of  the 
vefl'el  tire  powdered  bones  are  now  found,  much 
reduced  in  bulk  and  with  little  cohefion  when 
rubbed  between  the  fingers.  The  clear  jelly, 
which  fhould  be  poured  off  when  hot,  if  further 
evaporated  flowly  towards  drynefs,  and  after- 
wards fully  dried  as  in  the  manufacture  of 
Glue,  affords  a very  firm  good  glue  applicable 
to  a number  of  purpofes. 

It  is  to  be  obferved  that  any  kind  of  bone 
however  dry  (if  uncooked)  yields  abundance  of 
this  jeliy  by  powerful  boiling  with  water.  So 
Pelletier  obtained  a pound  of  ftrong  glue  from 
6 pounds  of  button-mold  fhavings,  and  94- 
pounds  of  glue  from  50  pounds  of  ivory  fhav- 
ings. Some  jelly  has  been  obtained  even  from 
bones  kept  for  many  centuries  in  cemeteries, 
provided  they  have  been  preferved  above  ground 
and  not  much  expofed  to  moifture,  fo  that  this 
conftituent  part  is  very  flow  of  decay. 

Scarcely  any  boiling  in  open  veffels  however 
can  totally  feparate  the  gelatin  and  perhaps  the 
oil  from  the  earth  of  bones,  for  in  the  above 
experiments  the  bony  pafte  after  repeated  and 
long  boiling  was  not  abfolutely  dry  and  friable 
to  the  touch  but  had  fomewhat  of  a foapy  feel, 
and  when  burned  (hewed  fome  remains  of  the 
foft  parts.  But  a much  higher  heat  than  the 
boiling  point  given  to  the  water  will  completely 
produce  this  feparation,  and  this  is  to  be  done 
in  Papin's  digejler , as  the  inventor  of  this  in- 
ftrument  aCtually  found. 

The  gelly  obtained  in  this  way  acquires  .how- 
ever fomewhat  of  a burnt  tafte  and  is  lefs  pala- 
table, but  the  earthy  refidue  is  now  perfeCHy 
crumbly  and  harfh  to  the  fingers,  and  contains 
fcarcely  any  trace  of  gelatin  or  animal  fat. 

Another  foft  part  Hill  remains  to  be  men- 
tioned. The  dilcovery  of  it  we  owe  to  Mr. 
Hatchett,  whofe  admirable  experiments  on  the 
variety  of  hard  animal  organs,  ferving  for  fup- 
port,  protection  and  covering,  have  formed  a 
mod  important  addition  to  chemical  phyfiology.* 
When  frefh  bone  is  immerfed  in  any  acid  (the 
dilute  muriatic  or  nitrous  are  beft)  a very  flight 
effervefeence  is  perceived,  and  it  gradually 
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becomes  foft,  flexible,  and  porous,  but  retaining 
its  original  ftiape.  The  acid  at  the  fame  time 
flowly  difiolves  out  the  gelatin  (becoming  there- 
by fomewnat  vifcid  and  yellow)  and  alfo  all  the 
earthy  part,  fo  that  at  laft  nothing  is  left  but 
an  open  reticulated  cartilage  or  fpongy  cellular 
membrane.  If  the  bone  has  been  previoufly 
boiled  the  experiment  will  fucceed  as  well,  only 
there  will  remain  lefs  gelatin  for  the  acid  to 
diflolve,  being  already  chiefly  extrafled  by  the 
water. 

This  fpongy  cartilage  is  effential  to  the  con- 
ftitution  of  all  organized  bones,  and  alfo  of  all 
Ihells  and  other  hard  coverings  of  animals,  and 
it  is  the  part  firlt  formed  by  nature,  being  as  it 
were  the  outline  or  Iketch  of  the  bone,  which 
afterwards  receives  folidity  and  ftrength  by  the 
gradual  depofition  of  the  earthy  part.  This 
rudimental  cartilage  is  moft  confpicuous  in  the 
foetal  ftate  and  in  animals  juft  born,  whofe 
bones  are  yet  foft  and  flexible,  but  gradually 
acquire  hardnefs  and  denfity  by  the  increafe  of 
the  earthy  part  in  the  procefs  of  offification. 
Bony  cartilage  being  infoluble  both  in  water 
and  in  weak  acids  is  therefore  feparable  from  the 
gelatin  by  the  former  menftruum,  and  from  the 
earthy  parts  by  the  latter,  but  it  cannot  be 
readily  exhibited  in  any  other  way  than  that 
above  mentioned.  Mr.  Hatchett  has  found  it 
to  refemble  coagulated  albumen , and  to  differ 
from  gelatin  by  the  following  decifive  marks. 

When  dry  it  is  femitranfparent  like  horn  and 
more  or  lefs  brittle.  In  this  ftate  it  fo  much 
refills  the  adftion  of  water  that  it  may  be  boiled 
with  this  fluid  for  many  days  without  fenfibly 
diminifhing;  whereas  the  gelatin  even  of  the 
hardeft  bones,  as  we  have  feen,  is  readily  ex- 
tra£led  by  this  fluid.  The  high  heat  of  Papin’s 
digefter  will  however  enable  water  to  diffolve 
even  coagulated  albumen. 

It  is  fcarcely  aded  on  by  any  acid  if  dilute, 
and  without  the  affiftance  of  heat,  though  by 
long  maceration  it  becomes  at  laft  fomewhat 
foftened,  and  then  difl'olves  in  ammonia  making 
a blood-red  liquor.  But  if  nitric  acid  is  heated 
on  this  albuminous  cartilage  it  is  rapidly  dif- 
folved  with  difcharge  of  much  nitrous  gas. 

With  cauftic  fixed  alkali  it  is  readily  diffolved 
into  a perfeft  animal  foap,  and  during  the 
procefs  much  ammonia  is  given  out.  Acids 
again  feparate  the  albumen  from  this  foap  un- 
changed. This  character  is  much  depended  on 
by  Mr.  Hatchett  as  an  argument  for  its  affinity 
with  albumen  and  difference  from  gelatin. 

It  is  alfo  extremely  flow  of  putrefadion,  re- 
maining long  unaltered  even  in  warm  and  moift 


fituations,  and  in  this  too  it  ftrongly  refcmbles 
coagulated  albumen. 

We  may  therefore  enumerate  as  the  foft 
parts  of  bone,  gelatin,  oil,  albumen,  and  water. 

A Swedifh  chemift,  Gahn,  was  the  firft  who 
difcovered  the  true  nature  of  the  earth  of  bones. 
This  earth  is  produced  by  burning  bones  of  any 
kind  in  open  veffels,  or  in  the  large  way  in  the 
open  air,  till  every  thing  volatile  and  inflam- 
mable is  diffipated ; and  there  then  remains  a 
hard  porous  white  earthy  fubftance,  retaining 
the  ffiape  and  fize  of  the  original  bone,  and 
generally  amounting  to  from  one-half  to  a third 
of  its  weight.  This  earth  is  eafily  reduced  to 
powder,  and  fuffers  the  mod  intenfe  heat  with- 
out further  change.  It  is  found  to  confifl.  almoft: 
entirely  of  Phosphat  of  limey  •with  excefs  of 
limey  or  what  is  elegantly  termed,  according  to 
Dr.  Thompfon’s  fyftem  of  nomenclature,  Sub— 
phofphat  of  lime,  mixed  with  a fmall  quantity  of 
fulphat  and  of  carbonat  of  lime.  Meffrs.  Fourcroy 
and  Vauquelin  have  likewife  dete£led  a fmall 
portion  of  phofphat  of  magnefta  in  the  earth  of 
the  bones  of  all  claffes  of  animals  except  the 
human.- 

Many  of  the  chemical  properties  of  the  earth, 
of  bone  will  be  defcribed  under  the  article 
Phosphat  of  lime  and  Phosphorus,  for  the 
preparation  of  which  laft  it  is  peculiarly  con- 
venient. For  the  analyfis  of  bone  the  following 
particulars  ffiould  be  noticed. 

Phofphat  of  lime  exifts  in  two  ftates,  in  one 
with  an  excefs  of  calcareous  bafe  as  in  the  bone- 
affi,  in  the  other  with  excefs  of  phofphoric  acid. 
When  fulphuric  acid  is  added  to  the  bone-afli, 
only  a partial  decompofition  takes  place,  and 
the  phofphat  by  giving  up  a part  of  its  lime  to 
the  fulphuric  acid  is  changed  to  the  acidulous 
phofphat  of  lime.  This  laft,  when  dried  and 
heated  red  hot,  runs  into  a greyifh  white  femi-- 
opake  glafs,  and  when  ftrongly  heated  with 
charcoal  the  excefs  of  acid  is  decompofed  there- 
by, and  the  produdt  is  phofphorus,  whilft  the 
phofphat  of  lime,  now  deprived  of  its  excefs  of 
acid,  remains  unchanged. 

Phofphat  of  lime  in  any  ftate  is  foluble  with 
extreme  eafe  in  every  acid,  even  by  the  carbonic 
when  fufpended  in  water  and  expofed  to  a 
ftream  of  this  acid  gas ; but  it  does  not  appear 
to  be  at  all  decompofed  by  any  acid  whofe  cal- 
careous fait  is  a foluble  one.  Thus  the  nitric, 
muriatic  and  acetous  acids,  when  digefted  with 
the  earth  of  bones,  Amply  diffolve  the  phof- 
phat of  lime,  and  again  let  it  fall  unchanged 
on  the  addition  of  any  alkali,  cauftic  or  car- 
bonated •,  and  therefore  the  precipitate  even 
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v/lth  the  carbonated  alkalies  is  not  a carbonat  of 
lime  but  fimply  the  original  phofphat,  and  will 
not  effervefce  with  acids.  This  is  a convenient 
circumftance  in  analyfis,  for  if  the  phofphat  of 
lime  to  be  examined  is  mixed  with  carbonat  of 
lime  (as  is  the  cafe  in  fmall  quantity  in  bone- 
sfh,  and  is  indicated  by  a flight  effervefcence 
with  acids)  both  are  diflolved  by  the  acid,  and 
then  cauftic  ammonia  will  precipitate  only  the 
phofphat  of  lime,  and  afterwards  the  dime  be- 
longing to  the  carbonat  will  be  precipitated  in  a 
carbonated  (late  by  the  addition  of  any  carbon- 
ated alkali.  The  nitrous  acid  moderately  diluted 
is  a very  convenient  menftruum  in  the  analyfis 
of  bone. 

The  phofphoric  acid  is  indicated  in  another 
way.  All  the  phofphoric  alkaline  and  earthy 
falts,  even  the  phofphat  of  lime,  are  completely 
decompoled  by  the  falts  of  lead  and  mercury. 
Thus  if  nitrat  or  acetite  of  lead  is  dropped  into 
a folution  of  phofphat  of  lime,  all  the  phof- 
phoric acid  is  feparated  and  forms  by  double 
decompofition  a precipitate  of  phofphat  of  lead, 
which  is  readily  known  by  the  following  cha- 
racters. When  heated  by  the  blowpipe  on 
charcoal,  it  melts  eafily  into  a pearl-white  glo- 
bule, which  immediately  on  difcontinuing  the 
flame  cools  into  a button  of  a polyhedral  form  ; 
but  if  the  flame  is  continued,  the  phofphoric 
acid  is  gradually  decompofed,  and  burns  off 
with  a luminous  vapour  fmelling  of  phofphorus, 
and  at  lad  a globule  of  pure  lead  is  left.  Phof- 
phat of  mercury  is  precipitated  as  a white  pow- 
der, which  before  the  blowpipe  on  charcoal 
melts  with  effervefcence  and  a green  flame  into 
a yellowifh  glafs : by  continuing  the  heat  the 
mercury  is  volatilized  frrft,  and  may  be  con- 
denfed  in  its  metallic  ftate  on  a plate  of  copper 
held  over  the  vapor  •,  the  phofphoric  acid  then 
burns  off'  into  phofphorus  as  above  mentioned. 
Phofphat  of  lead  dried  at  a low  red  heat  con- 
tains 22.5  per  cent,  of  phofphoric  acid. d If 
fulphuric  acid  in  any  combination  fhould  happen 
to  be  prefent  in  the  folution  of  phofphat  of  lime, 
it  will  alfo  be  decompofed  by  the  nitrat  of  lead, 
and  the  precipitate  will  therefore  be  a mixture 
of  fulphat  and  phofphat  of  lead.  Thefe  are 
feparable  by  dilute  nitric  acid,  which  will  dif- 
■folve  the  phofphat  but  not  the  fulphat.  This 
ieft  is  alfo  of  ufe  to  diftinguifh  and  fcparate  the 
fulphat  from  the  phofphat  of  lime,  the  latter 
being  foluble  in  the  acid,  but  not  the  former. 

It  has  been  mentioned  that  Meflis.  Fourcroy 
^and  Vauquelin  have  detected  a fmall  portion  of 
phofphat  of  magnefia  in  the  bones  of  quadru- 
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peds  and  alfo  of  moft  other  animals,  except  the 
human  bone.  e This  earthy  fait  is  thus  ob- 
tained : take  calcined  ox  or  horfe  bones  in  fine 
powder,  treat  them  with  an  equal  weight  of 
fulphuric  acid  and  mix  thoroughly.  After  five 
or  fix  days  dilute  the  mafs  with  ten  times  as 
much  pure  water,  and  {train  through  a linen 
cloth,  preffing  it  at  laft  to  expel  all  the  liquid, 
and  pour  frefii  water  on  the  white  refidue,  prefs 
again  and  add  this  liquor  to  the  other.  Filter 
this  acid  liquor,  which  confifts  chiefly  of  phof- 
phoric acid  with  acidulous  phofphat  of  lime,  of 
phofphat  of  magnefia  combined  with  ammonia 
into  a triple  fait,  the  ammoniaco-phofphat  of  mag- 
tirfia,  together  with  fome  fulphat  of  lime.  Add 
cauftic  ammonia  in  excefs,  which  will  precipi- 
tate only  the  phofphats  of  lime  and  magnefia. 
Wafh  the  precipitate  with  cold  water,  and  boil 
with  a folution  of  pure  potafh,  till  no  further 
ammoniacal  fmell  arifes.  The  potafh  has  now 
completely  decompofed  the  magnefian  phofphat 
(but  not  the  calcareous,  on  which  none  of  the 
alkalies  have  any  notable  a£tion)  and  the  mag- 
nefia remains  uncombined  in  the  alkaline  mix- 
ture and  only  mixed  with  the  phofphat  of  lime. 
Wafh  out  the  remaining  alkali,  and  add  boiling 
acetous  acid  to  the  refidue,  which  will  diffolve 
the  magnefia  before  it  touches  the  phofphat  of 
Hme.  This  folution  of  acetite  of  magnefia 
treated  with  carbonat  of  foda  and  gently  boiled 
gives  a precipitate  of  carbonat  of  magnefia, 
which,  if  neceflary,  may  be  feparated  from  any 
adhering  lime  by  folution  in  fulphuric  acid  and 
cryftallization. 

By  a number  of  comparative  experiments  the 
above  mentioned  chemifts  found  that  the  cal- 
cined earth  of  ox-bones  contained  about  of 
its  "weight  of  phofphat  of  magnefia  (amounting 
to  about  -g-V  of  the  unburnt  bone,  fince  by  cal- 
cination it  lofes  about  half  its  weight) ; the  cal- 
cined earth  of  horfe  and  flieep  bones  gave  about 
TV  of  this  earthy  phofphat ; chicken  and  fifh 
bone  nearly  the  fame  as  thofe  of  oxen,  but  there 
was  no  appreciable  quantity  in  the  human  bone. 

We  may  add  the  conftituent  parts  of  entire 
ox  bone  as  given  by  thefe  chemifts. 


Solid  gelatin  - - - 

5i* 

Phofphat  of  lime  - - 

37-7 

Carbonat  of  lime 

10. 

Phofphat  of  magnefia 

1 V> 

100.0 

This  eftimate  is  however  imperfeiT,  as  no 
account  is  taken  of  the  oil,  nor  of  the  albumen 
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of  the  membranous  cartilage  difcovered  by  Mr. 
Hatchett.  The  earthy  falts  are  probably  accu- 
rate, and  therefore  the  quantity  of  albumen  and 
of  oil,  whatever  they  be,  muff  be  fubftradted 
from  that  of  the  gelatin  as  here  given. 

The  efFedt  of  heat  on  bones  remains  to  be 
mentioned,  for  though  the  analyfis  by  fire  is 
peculiarly  imperfedt  when  animal  or  vegetable 
matter  is  the  fubjedt,  feveral  produdls  valuable 
in  the  arts  are  furnilhed  by  this  procefs.  When 
bone  is  heated  without  addition  in  open  air,  it 
firft  becomes  greafy  and  yellow,  and  gives  out 
a watery  vapour,  to  which  fucceeds  a thick, 
denfe,  fetid  fmoke,  which  readily  takes  fire  and 
burns  with  a mod  fuffocating  fmoky  ammo- 
niacal  fmell.  After  fome  time  it  becomes 
black,  brittle  and  carbonaceous,  and  if  heated 
too  fuddenly  fplits  and  flies  in  every  direction. 
At  laft,  when  a full  red  heat  has  been  continued 
for  a certain  time,  all  the  coal  burns  off,  and 
nothing  is  left  but  the  brittle  fonorous  white 
earthy  phofphat,  which  retains  the  form  of  the 
original  bone  and  all  the  poroufnefs  of  its  tex- 
ture. This  procefs  of  burning  bones  is  per- 
formed near  large  towns  or  where  bones  are  in 
quantity,  for  the  fake  of  the  white  earth  or 
bone-ajk.  For  this  purpofe  a large  heap  of  the 
bones  are  built  up  in  a kind  of  regular  pile  and 
are  kindled  on  the  windward  fide.  When 
thoroughly  lit,  and  when  a few  of  them  get  hot 
enough  to  give  out  their  oil  freely,  the  heat 
which  is  produced  is  fufficient  to  continue  and 
compleat  the  burning  without  further  afliftance. 
A large  heap  continues  many  hours  on  fire 
before  it  is  entirely  calcined. 

But  feveral  produdls  are  wafted  in  this  way, 
"which  prove  highly  valuable  when  the  burning 
takes  place  in  dole  veflels  and  the  diftillation 
properly  managed.  For  manufacture  it  is  car- 
ried on  in  iron  cylinders,  for  experiment  a coated 
glafs  or  an  earthen  retort  will  anfwer.  When 
thus  heated,  bone  yields  with  the  firft  impreflion 
a limpid  faintly-fmelling  water,  which  prefently 
becomes  ammoniacal,  and  contains  a fenfible 
quantity  of  carbonat  of  ammonia.  With  this 
(the  heat  being  ftill  gentle)  a clear  yellowifh  oil 
rifes,  pungent  and  not  ungrateful  to  the  fmell. 
This  fliould  be  carefully  fet  apart  and  treated  in 
a way  to  be  prefently  mentioned.  As  the  heat 
encreafes,  this  oil  continues  to  come  over,  but 
now  becomes  brown,  foul,  and  at  laft  black,  of 
a confiftence  encreafing  to  that  of  melted  pitch, 
ftrongly  ammoniacal,  and  at  the  fame  time 
exceflivelv  fetid  and  l’moaky.  An  abundance 
of  gas  efcapes  during  this  diftillation,  which  is 
chiefly  fulphuretted  hydrogen,  curhuvetted  hy- 
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drogen,  and  carbonic  acid.  The  condcnfed 
liquor  in  the  receiver  i3  both  a water  and  an 
oil,  each  of  which  contains  a large  quantity  of 
carbonat  of  ammonia,  and  the  former  holds 
fome  febacic  and  pruflic  acids  in  folution.  The 
ammonia  is  the  moft  valuable  part  of  thefe  pro- 
dudls, and  is  obtained  pure  by  fubfequent  pre- 
cedes, deferibed  under  the  articles  Carbonat 
and  Muriat  of  ammonia.  If  tire  purer  part  of 
the  oil  is  diftilled  per  fe  out  of  a clean  glafs 
retort  with  only  a gentle  heat,  the  firft  portion 
of  the  oil  rifes  much  clearer  than  before,  and 
by  repeating  this  diftillation  out  of  clean  veflels 
every  time,  taking  only  the  firft  part  that  comes 
over,  the  oil  becomes  clear  and  limpid  as  water, 
with  a very  pungent  ammoniacal  fmell,  and  fo 
volatile  as  to  wade  quickly  in  the  open  air,  or 
if  kept  in  a bottle  loofely  corked.  It  is  called 
from  the  inventor  Dippers  oil.  Much  expofure 
to  light  turns  it  browm,  and  gives  it  fomewhat 
of  a fmoaky  fmell.  It  is  fometimes  ufed  in 
medicine. 

If  the  diftillation  of  the  bones  is  flopped 
when  the  oil  comes  over  very  black,  they  are 
found  drenched  in  a dark  fetid  oil,  and  penetrated 
with  it.  If  the  whole  is  then  urged  to  rednefs 
in  a clofe  earthen  or  iron  veflel,  till  every  thing 
volatile  has  pafled  over,  the  earth  of  the  bones 
remains  fo  thoroughly  impregnated  with  the 
fine  charcoal  of  the  oil  as  to  be  uniformly  black 
throughout,  glofly  and  brittle.  When  ground 
to  a fine  powder,  mixed  with  fize  and  made  up 
into  cakes,  it  forms  the  common  Ivory-black, 
which  from  its  greafy  nature  readily  mixes  with 
oil,  and  is  the  material  for  moft  of  the  ordi- 
nary black  paints  and  varnifhes. 

A very  fine  black  of  the  fame  kind  is  formed 
by  charring  ivory  fliavings  in  clofe  veflels. 

Bones  are  whitened  by  alternate  expofure  to 
wind,  and  moifture  and  fun.  Salt  water  feems 
much  to  aflift  in  this  procefs,  to  judge  by  the 
extreme  whitenefs  and  cleannefs  of  bones  found 
on  the  fea  fhore.  A previous  boiling  in  a weak 
alkaline  lye  will  much  aflift  in  extraditing  the 
natural  oil,  but  this  fhould  be  ufed  with  caution, 
otherwife  the  bones  will  foften  and  crumble 
down  between  the  fingers.  The  oxymuriatic 
acid  has  alfo  been  applied  with  fuccefs  to 
whitening  the  furface  of  bones. 

The  firft  adtion  of  all  acids  is  to  foften  bone, 
in  which  ftate  it  readily  abforbs  any  colouring 
matter,  which  finks  deeply  into  its  fubftance. 
The  bone  afterwards  hardens,  and  then  will  take 
a good  polifti. 

The  metallic  folutions  are  very  ufeful  for 
colouring  bone  in  a very  deep  and  permanent 
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manner.  Thus  to  give  a fine  green,  diffolve 
verdigris  in  diddled  vinegar,  immerfe  the  bones 
in  the  folution,  and  bury  the  whole  in  a dung- 
hill (doling  the  veffel  well)  or  by  any  other 
gentle  warmth  for  ten  or  twelve  days.  The 
bones  are  then  found  of  a permanent  green  and 
will  take  a good  polilh.  The  Turquoise  (lone 
bone  is  found  dyed  of  a native  green  by  fome 
mineral  folution  of  copper.  A good  black  is 
given  by  the  folutions  of  filver  or  lead,  or  by 
boiling  together  equal  parts  of  litharge  and 
quick  lime  in  water,  and  immerfing  the  bones 
in  it  for  feveral  hours.  The  colour  in  thefe  is 
heightened,  and  the  polilh  encreafed  by  after- 
wards boiling  them  in  nut-oil.  Bones  may  alfo 
be  made  to  take  the  vegetable  dyes  by  firft 
fmearing  them  with  dilute  nitrous  acid  to  open 
their  texture,  and  then  rubbing  in  the  dye  for 
fome  time. 

Teeth  are  formed  of  an  internal  bony  cafe, 
coated  with  a very  hard  white  inorganic  matter- 
called  the  Enamel. 

When  a tooth  coated  with  enamel  is  immerfed 
in  moderately  dilute  nitric  or  muriatic  acid,  f 
a weak  effervefcence  takes  place,  and  the  ena- 
mel is  entirely  dilFolved.  The  bony  part  is  alfo 
a£ted  on  but  not  compleatly  dilfolved,  for  only 
the  earth  is  taken  up,  and  a cartilage  retaining 
the  lhape  of  the  tooth  remains.  In  this  it  ex- 
actly refembles  other  bones,  whilft  the  enamel 
differs  from  them  all  in  being  little  elfe  than  an 
inorganic  coating  of  phofphat  of  lime,  not 
formed  by  depolition  within  the  cells  of  an 
original  cartilage,  as  in  bone,  but  fimply  by  a 
kind  of  exfudation  or  depofition  of  this  earth  on 
the  furface  of  the  proper  tooth. 

When  a tooth  is  immerfed  in  concentrated 
fulphuric  acid  no  aClion  is  at  firft:  perceived, 
but  in  about  an  hour  fmall  bubbles  arife,  the 
roots  become  blackened,  and  in  twelve  hours 
the  enamel  burlts,  cracks  and  feparates.  Nitric 
and  muriatic  acids  moderately  diluted  a£l  in- 
ftantly  on  the  tooth  with  an  evolution  of  fmall 
air-bubbles.  The  cartilage  left  undiffolved  is 
flexible,  femitranfparent,  and  eafily  divided. 
Boiling  nitric  acid  a£ts  ftrongly  on  the  tooth 
with  evolution  of  carbonic  acid  and  azotic  gaffes. 
Mr.  Pepys  s found  the  enamel  of  the  human 
tooth  to  contain  78  per  cent,  of  phofphat  of 
lime  and  6 of  carbonat  of  lime.  They  were 
feparated  in  the  analyfis  by  adding  to  the  nitrous 
folution,  firft,  pure  ammonia  to  precipitate  the 
phofphat,  and  afterwards  carbonat  of  ammonia 
to  feparate  the  carbonat  of  lime.  The  bone  of 
teeth  contained  58  per  cent,  of  the  phofphat 
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and  4 of  the  carbonat,  together  with  28  o£ 
gelatin  dried  at  2120.  The  entire  teeth  of 
adults,  whofe  fpecific  gravity  is  2.272,  yielded 
64  per  cent  of  phophat  of  lime,  6 of  carbonat 
of  lime,  and  20  of  gelatin.  Some  difficulty 
however  riles  in  eltimating  thefe  proportions 
exactly,  on  account  of  the  varying  proportion 
of  water  according  to  the  heat  ufed.  In  the 
above  analyfis  the  phofphat  was  dried  at  a red 
heat,  but  the  carbonat  and  gelatin  at  the  heat 
of  boiling  water. 

The  ufes  of  bone  in  different  dates  are 
various  and  important.  Its  gelatin  and  fat  ex- 
tracted by  water  affords  a cheap  and  wholefome 
nutriment.  Bone  itfelf  is  employed  in  a thou- 
fand  ways,  in  turnery  and  a number  of  me- 
chanical, arts  ; all  the  ref ufe  part  yields  by  dif- 
tillation  a large  quantity  of  ammonia,  the  bafis 
of  fome  very  extenfive  chemical  proceffes  j a 
fine  black  pigment  is  made  by  its  combuftion  in 
clofe  veffels,  and  laftly  the  refiduary  earth  is 
ufed  as  a material  for  cupels  or  affay  crucibles* 
for  fome  of  the  opake  white  glaffes,  and  gives 
phofphorus  and  a number  of  phofphoric  falts  by 
its  decompofition.  It  is  therefore  on  all  accounts 
a moll  interefting  objeCl  to  the  chemift  and 
manufacturer. 

BOVEY  COAL.  See  Coal. 

BOYLE’s  Fuming  Liquor  is  the  hydrofulphu- 
ret  of  ammonia  formed  by  diftillation.  See 
Sulphuret. 

BRAIN.  The  brain  of  animals  exhibits  fome 
peculiarities  in  its  chemical  analyfis,  which, 
though  they  throw  no  light  whatever  on  the 
explanation  of  the  aftoniftiing  functions  of  this 
noble  organ,  deferve  fome  notice  here  as  a part 
of  animal  chemillry. 

The  experiments  of  modern  chemilts  alone 
require  attention,  and  efpecially  thofe  of  Thouret 
made  in  1790,  h and  fome  made  by  Fourcroy 
of  a fubfequent  date. 

Brain  in  its  natural  date  is  a foft  pulp,  with 
fomewhat  of  a foapy  feel,  and  little  or  no  fmell 
when  frelh.  Heated  moderately,  it  dries  fimply 
by  the  lofs  of  water,  (brinks  to  about  a fourth 
of  its  bulk,  and  then  becomes  a browniffi-green, 
thick,  tenacious  mafs.  When  dried  as  fully  as 
poffible  without  decompofition,  it  becomes  folid, 
and  breaks  under  the  fingers  like -old  cheefis 
If  this  is  ftrongly  heated  in  a crucible  it  gives 
out  ammonia,  puffs  up,  and  melts  into  a black 
pitchy  mafs,  and  then  takes  fire  and  burns  with 
much  flame  and  a thick  (harp  fmoak,  leaving  a 
coal  difficult  to  be  reduced  to  allies.  No  naked 
alkali  is  left  in  the  afh,  but  it  (hews  by  analyfis 
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fome  traces  of  phofphat  of  lime  and  foda. 
Brain,  either  in  its  natural  date  or  gently  dried 
without  decompofition,  unites  very  readily  with 
water  by  rubbing,  and  forms  an  opake  uniform 
emulfive  mafs,  which  froths  ftrongly  by  agitation, 
and  does  not  feparate  from  the  water  by  filtration. 
In  this  it  much  refembles  a folution  of  foap  in 
water,  but  differs  from  the  genuine  foaps  in 
containing  no  alkali,  and  hence  it  will  not  turn 
vegetable  blues  into  green. 

This  emulfion  of  brain  when  heated  nearly 
to  boiling  readily  coagulates,  and  depofits  its 
contents  in  white  curdy  grains.  The  clear  liquid 
mixed  with  lime-water  gives  a precipitate  of 
phofphat  of  lime,  and  hence  contains  a phof- 
phated  fait  in  folution.  Acids  and  all  calcareous 
i'alts  added  to  the  cerebral  emulfion  fpeedily 
curdle  it.  If  an  acid  is  employed,  the  clear 
liquor  remaining  after  the  coagulation  contains 
lime,  foda  and  ammonia,  all  united  with  the 
acid. 

• The  nitric  acid  when  dilute  only  coagulates 
the  cerebral  emulfion,  but  when  concentrated  it 
produces  an  effervefcence,  with  evolution  of 
much  azotic  gas,  violent  intumefcence,  heat, 
and  fubfequent  production  of  nitrous  gas,  car- 
bonic acid,  and  ammonia.  The  refidue  now 
contains  a quantity  of  oxalic  acid,  one  of  the 
ufual  products  of  the  diftillatign  of  nitric  acid 
with  almoft  any  animal  matter. 

Muriatic  acid  fimply  coagulates  the  emulfion 
of  brain,  without  inducing  any  very  ftriking 
chemical  change. 

The  cauftic  fixed  alkalies  even  when  cold, 
and  much  more  when  hot,  unite  fpeedily  with 
brain  into  a foapy  mafs,  at  the  fame  time  difen- 
gaging  much  ammonia. 

Under  die  article  Adipocire  was  noticed  the 
fingular  aCtion  of  alcohol  and  the  feparation  of 
a peculiar  cryftalline  matter.  A fimilar  circum- 
flance  occurs  here.  When  brain  gently  dried 
over  a ftove,  or  firfl  mixed  with  water,  coagu- 
lated by  an  acid,  and  the  coagulum  dried,  is 
digefted  in  a boiling  heat  with  about  twice  its 
weight  of  alcohol,  a folution  is  effected,  which 
on  cooling  depofits  a number  of  yellowifh  white 
cryftalline  blades.  It  requires  two  or  three  fuc- 
ceffive  digeftions  with  frefh  alcohol  entirely  to 
exhauft  this  cryftalline  matter.  Dried  brain 
lofes  in  the  procefs  about  five-eighths  of  its 
weight,  however  on  evaporating  the  alcoholic 
folution,  no  more  than  half  the  above  quantity 
is  collected,  fo  that  the  remainder  is  probably 
only  water  intimately  combined  with  the  fub- 
ftance  of  brain,  and  not  to  be  expelled  by  the 
previous  drying.  This  fingular  cryftalline  matter 


crufhes  under  the  finger  with  a kind  of  greafy 
confiftence,  is  not  melted,  but  only  foftened  in 
the  heat  of  boiling  water ; and  when  further 
heated  it  blackens,  melts,  and  gives  out  a burnt 
and  ammoniacal  fmell.  In  this  refpeCt  it  differs 
from  fpermaceti,  which  melts  at  140°  and  cools 
again  unchanged.  Adipocire,  to  which  alfo  it 
has  been  likened,  melts  unaltered  at  about  83°. 
After  the  alcoholic  folution  of  brain  has  de- 
pofited  on  cooling  all  the  cryftalline  matter,  the 
folution,  evaporated,  will  give  more  of  the  fame, 
but  fomewhat  faltifh  and  of  a foapy  confiftence. 
This  matter  may  be  united  with  water  by  rub- 
bing, into  a kind  of  emulfion,  which  reddens 
litmus.  A long  maceration  of  brain  in  cold 
alcohol  will  diffolve  a fimilar  cryftalline  matter, 
and  hence  it  is  often  found  depofited  in  old 
fpirituous  anatomical  preparations  of  the  brain 
and  nerves. 

The  fubftance  of  brain  bears  on  the  whole 
a confiderable  refemblance  to  albumen  reduced 
to  a kind  of  faponaceous  ftate,  perhaps  by  union 
with  ammonia  and  much  water ; but  the  theory 
of  the  production  of  this  cryftalline  matter  is 
very  obfcure.  Though  it ‘much  refembles  fper- 
maceti, adipocire,  and  ftill  more  the  cryftalline' 
matter  of  biliary  calculi  (defcribed  under  that 
article)  it  fomewhat  differs  from  them  all,  par- 
ticularly in  being  difficult  of  fufion.  Its  nature 
is  confiderably  like  that  of  a concrete  oil,  and 
hence  Thouret  was  led  to  endeavour  to  extract 
oil  from  the  brain  by  ftrong  preffure,  but  with- 
out any  fuccefs. 

The  fpontaneous  change  which  brain  under- 
goes by  putrefaction,  and  the  very  flow  decom- 
pofition of  this  organ  by  fpontaneous  change 
are  very  fingular  circumftances,  fince  it  is  well 
known  to  anatomifts  how  great  a lofs  of  ftrength 
and  cohefion  in  the  texture  of  brain  is  fuffered 
by  keeping  a very  fhort  time  after  death.  Yet 
this  fame  fubftance  after  this  firft  change  of 
texture  appears  to  be  perhaps  the  moft  inde- 
ftruCtible  of  all  the  foft  parts  of  the  animal 
body.  The  memorable  obfervations  of  Thouret 
on  the  exhumation  of  the  burying  ground  of 
Les  Innocents,  at  Paris,  put  this  beyond  a doubt. 
This  obferver  remarks,  that  the  bodies  contained 
in  this  vaft  cemetery  were  found  in  different 
ftates ; the  greater  number  of  them  (which 
were  thofe  that  had  lain  in  heaps  in  the  com- 
mon receptacles  of  twelve  or  fifteen  hundred 
corpfes)  were  moftly  converted  to  a kind  of 
whitifli  foap,  retaining  the  form  of  the  different 
parts  of  the  body.  In  all  thefe  the  brain  was 
in  a ftate  of  very-  perfect  prefervation,  and  on 
opening  the  fcull  it  was  found  in  pretty  large 
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lumps,  filling  from  a third  to  a fourth  of  the 
cavity  which  it  had  occupied  during  life.  In 
this  ftate  it  was  moftly  foft,  pulpy,  breaking 
down  between  the  fingers  like  mellow  cheefe, 
little  offenfive  to  the  fmell,  and  fometimes  firmer 
and  friable.  In  thefe  globular  mafies,  the  ori- 
ginal form  of  the  brain,  the  divifions  of  its 
hemifpheres,  and  the  convoluted  texture  were 
Hill  obfervable.  Even  the  natural  colour  re- 
mained, fo  that  on  cutting  it  tranfverfely  the 
white  medullary  part  would  be  diftinguifhed 
from  the  browner  cortical.  Even  where  the 
period  of  inhumation  had  been  fo  long  as  to 
deftroy  all  the  vifcera  and  moll  of  the  mufcles, 
the  brain  ftill  remained. 

BRANDSCHIEEER.  See  Clay  Jlaiy. 

BRANDY.  This  valuable  fpirit  is  produced 
by  the  diftillation  of  wines  of  all  kinds,  and 
properly  fpeaking  by  no  other  fermented  liquor 
whatever.  Under  the  article  Alcohol  we 
mentioned  that  the  purely  fpirituous  part  of  all 
fermented  liquors  appeared  to  be  identically  the 
fame.  Brandy,  rum,  corn  fpirits,  &c.  being  the 
produ£ls  of  the  firft  dillillation  from  fermented 
liquors,  and  alcohol  the  purer  part  of  each, 
feparated  by  a fubfequent  procefs. 

Brandy  is  prepared  in  many  of  the  wine 
countries  of  Europe,  and  with  particular  excel- 
lence in  many  parts  of  the  center  and  fouth  of 
France.  The  neceflary  procefs  is  extremely 
fimple,  being  nothing  more  than  a well  regu- 
lated diftillation  of  wine  without  addition,  from 
fuitable  veflels,  but  to  alter  or  improve  the  colour 
and  flavour  various  fubftances  are  added  to  the 
fpirit  after  diftillation.  The  manufactory  is 
technically  called  in  France  Brulerie , and  the 
makers,  Bruleurs  d’Eau  de  Vie. 

Though  every  wine  will  give  a certain  portion 
of  brandy  by  diftillation,  fome  are  much  pre- 
ferable to  others.  In  general  the  ftrong  heavy 
wines  yield  the  moft  fpirit,  giving  nearly  a 
fourth  of  good  proof  fpirit,  whilft  fome  of  the 
light  thin  wines  furnilh  no  more  than  about  a 
fifteenth.  If  the  quantity  is  lefs  than  a fixth  it 
will  hardly  repay  the  expence  of  diftillation. 

The  diftilling  apparatus  is  compofed  of  three 
parts,  the  alembic  or  boiler,  the  capital  which 
fits  on  the  top  of  the  boiler  to  receive  the  fpiri- 
tuous vapour,  and  the  ferpentine  or  worm,  a 
convoluted  pipe  fitting  to  the  beak  of  the  alembic 
and  immerfed  in  a large  tub  of  water,  to  cool 
the  vapour  of  the  fpirit,  and  condenfe  it  into  a 
liquor  which  flows  out  at  the  bottom. 

The  alembic  1 is  a cylindrical  copper  boiler, 
about  30  inches  (French)  in  height,  and  24  in 

• Encycl.  Mcth.  art.  Alcool  & Diftillateur  Li<juorifte. 


diameter,  flattened  at  the  bottom  to  prefent  a 
greater  furface  to  the  fuel,  and  drawn  out  into 
a neck  at  the  top  about  2 inches  high,  and  only 
9 or  10  in  diameter.  It  holds  about  320  quarts. 
The  capital,  which  fits  on  the  neck  of  the  alem- 
bic has  the  form  nearly  of  a very  flattened  cone 
with  the  apex  downwards,  and  truncated  where 
it  joins  the  alembic.  Its  diameter  is  here  of 
courfe  a trifle  more  than  that  of  the  neck  of 
the  alembic  over  which  it  fits.  Above,  it  is 
about  7 or  8 inches  wide.  A tube  or  beak 
projects  laterally  from  the  lower  part  of  the 
capital  to  convey  the  vapour  into  the  pewter 
ferpentine,  which  makes  fix  or  feven  turns 
before  it  reaches  the  bottom  of  the  large  tub  of 
water  in  which  it  is  immerfed.  The  diameter 
of  the  worm  is  about  an  inch  and  a half  at  the 
part  joining  the  beak  of  the  ferpentine,  and 
gradually  leflens  to  one  inch  at  the  bottom.  The 
alembic  is  built  into  brick-work,  which  covers 
the  whole  except  the  bottom,  which  hangs  over 
the  fire,  and  the  neck  where  it  joins  the  capital. 
Beneath  is  the  fire,  generally  wood,  enclofed  in 
the  ufual  manner  of  fixed  boilers,  and  furnifhed 
with  an  afh-pit  and  regifter  to  damp  the  fire  at 
pleafure. 

In  the  diftillery,  the  alembic  is  firft  filled  to 
about  five-fixths  of  its  capacity  with  wine,  and 
die  fire  kindled.  When  the  wine  nearly  boils,  the 
capital  is  put  on,  and  all  the  joinings  luted  with 
a mixture  of  clay  and  allies.  A thin  ftream  of 
brandy  foon  pours  out  from  the  lower  end  of 
the  worm  pipe  into  a calk  let  to  receive  it.  The 
fire  at  firft  is  flow,  otherwife  the  wine  boils  up 
into  the  capital,  and  part  pafles  into  the  worm 
and  fouls  the  fpirit : and  as  a general  rule,  the 
Houser  the  diftillation  the  finer  and  ftronger  is 
the  fpirit  obtained.  What  firft  comes  over  is 
the  richeft  in  flavour  and  the  ftrongeft  fpirit, 
for  as  alcohol  boils  at  a much  lower  temperature 
than  water,  the  greater  part  of  the  fpirit  comes 
over  but  little  diluted  with  water  ; but  the  liquor 
gradually  decreafes  in  ftrength  as  the  procefs 
continues,  and  at  laft  contains  fo  little  fpirit  as 
to  be  entirely  uninflammable,  and  almoft  void  of 
tafte.  When  this  happens,  the  fire  is  put  out, 
and  the  contents  left  in  the  alembic,  confifting 
of  the  watery  lees  of  the  wine,  are  thrown  away 
as  ufelefs.  The  wine  is  known  to  be  entirely 
exhaufted  of  fpirit,  by  taking  a little  of  the  dis- 
tilled liquor  then  coming  over,  putting  it  on  the 
hot  part  of  the  capital  and  applying  a lighted 
ftick,  if  the  vapour  does  not  catch  fire  the  liquor 
is  little  elfe  than  water. 

As . the  brandy  comes  over  with  a conftantly 
Beaume  & Rofier  in  J.  de  Phyf.  tom.  12  & 18. 


BRA 


BRA 


C W5  ) 


decreafing  ftrength,  a diftinCtion  is  always  made 
between  the  former  and  the  latter  part  of  the 
product,  and  the  two  liquors  kept  apart.  The 
firft  is  fit  for  immediate  ufe,  the  laft,  which  is 
called  feconde  or  petite  eau,  is  rediftilled  in  the 
next  procefs.  It  anfwers  to  the  feints  of  the 
Britifn  diftillers.  The  precife  time  at  which 
the  fecond  portion  is  begun  to  be  collected  is 
arbitrary,  and  differs  in  different  countries.  In 
fome  countries  it  is  determined  by' the  propor- 
tion of  fpirit  already  obtained  to  that  of  the 
wine  put  into  the  alembic  •,  in  other  places,  by 
a certain  fpecific  gravity ; in  Spain  and  Portugal, 
as  in  rum-making  in  Jamaica,  the  finking  of  olive 
oil  in  the  fpirit  is  the  effabliflied  proof,  for  the 
lefs  the  fpecific  gravity  of  the  fpirit  the  greater 
is  its  ftrength.  It  takes  about  nine  or  ten  hours 
to  run  off  the  quantity  above  mentioned. 

Brandy  is  naturally  clear  and  colourlefs  as 
water,  for  the  colour  which  it  has  in  commerce 
is  given  partly  by  the  calks  in  which  it  is  kept, 
but  chiefly  by  certain  additions  to  the  fpirit, 
fuch  as  faunders  wood,  burnt  fugar,  &c.  and 
which  appear  to  do  neither  good  nor  harm  to 
the  quality  of  the  fpirit. 

There  are  feveral  ways  of  judging  of  the 
ftrength  of  the  fpirit.  Many  of  thefe  are  men- 
tioned under  the  article  Alcohol,  which  fee. 
The  dealers  alfo  judge  a good  deal  of  the  quality 
of  the  fpirit  by  the  appearance  of  the  bubbles 
which  arife  when  brandy  is  ftrongly  Ihaken  in 
a phial,  by  their  fize  and  degree  of  permanence. 
For  this  purpofe  a ftrong  phial  is  filled  three- 
quarters  with  the  fpirit,  and  ftrongly  knocked 
againft  the  knee  to  form  a froth,  and  thofe  that 
are  in  the  habit  of  examining  famples  put  much 
confidence  in  this  teft,  combined  with  that  of 
the  hydrometer  to  afcertain  the  fpecific  gravity, 
and  the  fmell  and  tafte.  This  former  teft  how- 
ever is  often  fallacious,  being  liable  to  be  imi- 
tated by  certain  well-known  additions. 

The  ftrength  of  the  fpirit  of  courfe  depends 
on  the  ftrength  of  the  wine  from  which  it  is 
made,  and  the  perfection  of  the  fermentation 
which  it  has  undergone.  The  quantity  of  fac- 
charine  mucilage  in  the  grape-juice,  the  balls  of 
fermentation,  varies  very  much  according  to  the 
foil,  climate,  and  feafon,  the  kind  of  fruit  and 
time  of  gathering.  In  general  it  is  moft  abun- 
dant in  the  warmeft  climates  and  feafons,  and 
is  much  encreafed  by  latenefs  in  gathering  the 
crop.  Such  wines  require  a long  and  compleat 
fermentation,  and  then  they  are  rich,  full-bodied 
and  fpirituous.  The  very  ftrongeft  wines  yield 
about  a third  of  their  weight  of  proof-brandy; 

k An,  China  tom  37. 


on  the  other  hand  the  weakeft  wines,  though 
well  fermented  and  perfeCt  liquors,  give  only 
about  a fifteenth.  Chaptal  Hates  the  general 
average  of  product  from  the  wines  of  the  fouth 
of  France  and  Spain  to  be  about  a fourth.  b 

The  principal  differences  in  the  quality  of 
brandies  are  frength  or  quantity  of  alcohol,  and 
favour , which  laft  feems  to  depend  on  feveral 
principles  contained  in  the  fpirit  which  rife  with 
it  on  diftillation.  Befides  this,  there  are  gene- 
rally feveral  foreign  additions  made  to  it  by  the 
manufacturer,  which  do  not  belong  to  the 
prefent  fubjeCt. 

The  empyreuma,  or  burnt  tafte,  is  a frequent 
defeCt  in  all  diftilled  liquors,  and  very  notably 
fo  in  the  common  brandies.  This  is  fcarcely 
ever  found  in  the  firft  products  of  the  diftillation 
of  wine,  as  the  fpirit  begins  to  rife  at  a much 
lower  temperature  than  afterwards,  but  as  the 
procefs  advances  and  the  wine  requires  a greater 
heat  for  boiling,  part  of  it  undergoes  that  alter- 
ation which  gives  the  empyreumatic  flavour. 
It  is  alfo  more  prevalent  where  the  alembic  is 
too  high  and  deep,  fo  that  part  of  the  fpirit  is 
conftantly  falling  back  into  the  ftill,  and  the  pro- 
cefs is  thus  protraded  to  a great  length  of  time. 
It  may  alfo  at  any  time  be  given  by  encreafing 
the  heat  and  boiling  the  wine  with  too  much 
vehemence.  Chaptal,  with  fome  probability, 
attributes  the  fource  of  this  flavour  to  fome 
decompofition  of  the  malic  acid  contained  more 
or  lefs  in  almoft  all  wines,  and  which  partly 
rifes  with  the  diftilled  fpirit.  This  acid  is 
deteded  by  forming  infoluble  falts  with  lead, 
filver,  mercury  and  lime,  by  not  being  cryftal- 
lizable,  and  by  other  tefts  defcribed  under  that 
article,  and  it  is  found  moft  abundantly  in  thin, 
ill-fermented  wines,  and  in  cyder,  perry,  and 
liquors  made  from  harfh  fruits.  On  the  other 
hand  the  full-bodied  rich  wines  are  the  moft 
free  from  this  acid.  The  more  abundant  the 
malic  acid,  the  more  will  the  fpirit  be  acrid 
and  empyreumatic,  and  that  which  is  obtained 
towards  the  laft  contains  enough  of  the  acid  to 
be  very  fenfible  to  chemical  tefts.  The  addition 
of  chalk,  alkali,  or  lime-water  to  the  wine  keeps 
down  the  acid  very  effectually,  and  renders  the 
fpirit  much  purer,  but  from  fome  caufe  not 
eafy  to  underftand  it  remarkably  diminifhes  the 
total  quantity  of  product.  From  the  caprice 
of  falhion  however  this  empyreumatic  flavour, 
though  difliked  by  the  moft  delicate  judges  in 
the  wine-countries,  has  become  an  excellence 
in  fome  exported  brandies, c and  therefore  muft 
accordingly  be  given  by  the  manufacturer. 

* Chaptal. 
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Another  lubllance  which  gives  a very  ftrong 
and  generally  a very  unpleafant  flavour  to 
brandy,  appears  to  be  an  efl'ential  oil  of  a peculiar 
nature,  and  found  moll  abundantly  in  the  richeft 
and  fulleft-bodied  wines.  It  is  certainly  altered 
in  the  procefs  of  dillillation,  and  rendered  nau- 
feous  from  being  originally  grateful  and  aro- 
matic. When  fpirit  charged  with  this  oil  is 
rubbed  in  the  hands,  as  it  evaporates  it  leaves 
its  peculiar  fmell,  which  refembles  the  breath 
of  habitual  drunkards.  The  very  rich  wines, 
particularly  fome  of  the  Spanilh,  occafionally 
are  fo  full  of  this  oil  as  to  depofit  it  in  quantity 
on  the  capital  of  the  alembic,  where,  when 
cold,  it  concretes  into  a ftrong,  naufeous  fub- 
ftance,  of  the  confrflence  of  pomatum.  d Spivits 
dillilled  with  oils  previoufly  added  to  them  in 
the  alembic,  fuch  as  the  malt-fpirit  brandies  or 
imitations  of  brandy,  are  very  liable  to  acquire 
a naufeous  flavour.  Brandy  dillilled  from  thefe 
oily  wines  is  in  faCF  a faturated  folution  of 
efl'ential  oil  in  alcohol,  and  like  any  artificial 
folution  of  the  kind  it  becomes  milky  on  the 
addition  of  water,  which,  by  uniting  with  the 
fpirit  feparates  mod  of  the  oil  in  minute  glo- 
bules. Hence  the  addition  of  water  to  thefe 
oily  brandies,  with  a cautious  rediftillation  much 
improves  the  quality  of  the  fpirit. 

Wine  contains  a peculiar  aroma  or  perfume, 
but  whether  this  can  at  all  be  confidered  as  a 
peculiar  principle  diftinCl  from  the  efl'ential  oil, 
is  a matter  of  doubt.  Yet  from  the  delicate 
and  perilhable  nature  of  this  aroma,  and  the 
permanence  of  the  oil,  perhaps  fome  ground  of 
diftinClion  is  obtained.  Some  of  this  delicate 
aroma  appears  to  pafs  into  the  firft  dillilled  fpirit 
which  it  yields,  though  fomewhat  altered  j but 
a fecond  rectification  dellroys  it  altogether. 

The  manufacture  of  brandy  in  other  coun- 
tries very  much  refembles  that  of  France,  being 
equally  Ample,  and  the  apparatus  eflentially  the 
fame.  In  Spain  the  principal  brandy  diftilleries 
are  in  Catalonia.  The  wine  yields  on  an  average 
about  a fifth  of  fpirit  of  olive-oil  proof  (or  that 
in  which  this  oil  finks)  and  about  as  much  of 
an  inferior  fpirit  for  rediftillation.  When  the 
wines  are  old,  heavy  and  oily,  and  a fine  clear 
fpirit  is  wanted  at  once,  water  is  added  to  it  in 
the  alembic  before  dillillation  to  feparate  and 
keep  down  the  oil.  In  Portugal  the  oil-proof  is 
alfo  eftablilhed,  and  the  wines  are  mcltly  full- 
bodied  and  oily. 

An  inferior  kind  of  brandy  is  made  from  the 
marc  of  grapes,  or  the  refidue  of  the  fruit  after 
.the  juice  has  been  made  to  flow  out  by  the 


a Cl  ion  of  the  prefs.  This  Hill  retains  enough 
of  the  grape  juice  to  be  readily  brought^  into 
fermentation,  and  confequently  to  be  able  to 
yield  a fpirit  by  dillillation.  In  Swifl'erland  it 
is  thus  managed.  Wine  calks  are  filled  with 
the  frelh  marc  quite  full,  and  prefi'ed  down  by 
trampling  to  make  it  lie  clofe,  which  prevents 
it  from  moulding.  The  calks  are  then  headed, 
and  the  bung-holes  and  joinings  clofed  up  with 
day.  In  two  or  three  days  the  fermentation 
begins,  the  marc  heats,  and  when  the  firll 
working  has  fubfided  and  it  has  acquired  an 
agreeable  vinous  fmell  (which  happens  in  from 
two  to  five  weeks  according  to  the  feafon)  it  is 
fit  lor  dillillation.  In  dillilling  it,  the  alembic 
may  be  filled  quite  to  the  top  with  the  marc, 
for  as  it  lies  loofe  and  takes  up  much  room,  there 
is  no  danger  of  boiling  over,  water  is  then 
added,  juft  fufficient  to  wet  it  thoroughly,  and 
a very  moderate  fire  kept  up  during  the  whole 
procefs.  This  precaution  is  particularly  requifite 
here  to  prevent  the  loweft  part  of  the  contents 
of  the  alembic  from  burning  and  giving  a very 
unpleafant  talle  to  the  fpirit.  Thirty-two  cubic 
feet  of  marc  are  eflimated  to  give  about  ten 
gallons  of  fpirit,  which  however  is  rectified 
before  it  becomes  very  palatable.  If  the  marc 
is  not  wanted  immediately,  it  will  keep  without 
fpoiling  in  well  Hopped  calks  for  two,  three,  or 
even  four  months. 

Beaume  in  his  experiments  on  dillillation 
fuggelts  two  good  improvements  in  the  above 
procefs,  whereby  a good  fpirit  may  be  obtained 
from  the  marc  by  the  firll  dillillation.  One  is 
by  immerfing  the  alembic  in  a water  bath,  which 
effectually  regulates  the  heat  and  prevents  the 
poflibility  of  any  of  the  marc  being  fcorched 
and  hurting  the  flavour  of  the  fpirit.  Another, 
and  more  convenient  in  the  large  way,  is  to 
prevent  any  of  the  marc  from  aCtually  touching 
the  bottom  of  the  alembic,  by  interpofing  a 
kind  of  wicker  cradle  on  which  it  rells,  and 
whereby  it  is  raifed  an  inch  or  two  from  the 
fire.  Water  is  added  as  before,  and  its  vapour 
penetrating  the  marc  extraCls  and  carries  over 
all  the  fpirit  by  a gentle  boiling. 

The  improved  alembic  and  refrigeratory  are 
defcribed  in  the  Appendix  (article  Apparatus .) 
See  alfo  Alcohol,  Wine,  and  Distilled 
Spirits. 

BRASS  or  Lattesi.  Laiton,  Fr.  Mejfing,  G. 

This  very  important  alloy  is  a mixture  of 
copper  and  zinc  in  various  proportions,  fo  inti- 
mately united  as  to  form  a homogeneous  malle- 
able yellow  metal,  applicable  to  a vail  variety 
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of  purpofes  and  capable  of  being  wrought  with 
the  greated  facility. 

It  is  not  eafy  to  obtain  a perfect  union  of 
zinc  and  copper  by  mere  fufion  in  open  veffels, 
for  at  a heat  lefs  than  is  required  to  melt  the 
copper,  the  zinc  readily  takes  fire  and  much  of 
it  burns  off  before  it  has  time  to  mix  with  the 
other  metal,  fo  that  the  proportion  of  zinc  is 
conftantly  leffening  by  volatilization.  Even  after 
both  metals  are  fufed,  the  zinc  continues  to 
burn  off'  in  uncovered  veflels,  and  at  laft  fcarcely 
any  thing  but  copper  would  be  left.  In  order 
therefore  to  combine  copper  moft  intimately 
with  zinc,  and  yet  to  prelerve  its  malleability, 
the  ingenious  procefs  of  cementation  has  been 
reforted  to  in  the  manufacture  of  brafs,  which 
is  performed  by  heating  in  a covered  pot  alter- 
nate layers  of  copper  in  fmall  pieces,  with  zinc 
ore  and  charcoal,  and  continuing  the  fire  till  the 
copper  is  thoroughly  impregnated  with  the 
zinc. 

Zinc  being  a volatile  metal  can  only  be  pro- 
cured from  its  ores  by  fublimation  ; the  procefs 
for  obtaining  it  (which  will  be  defcribed  more 
at  length  under  that  article)  being  to  heat 
ftrongly  a mixture  of  its  ore  with  charcoal  in  a 
veflel  clofed  on  all  fides,  except  where  it  admits 
a tube,  the  lower  end  of  which  dips  in  water : 
as  foon  as  the  charcoal  reduces  the  oxyd,  the 
metal  rifes  in  vapour  through  the  tube  and  con- 
denfes  in  the  water  below.  A fimilar  reduction 
takes  place  in  brafs-making,  only  the  vapour  of 
the  zinc  inftead  of  being  conveyed  out  of  the 
crucible  in  which  it  is  formed,  unites  with  the 
copper  enclofed  in  the  fame  veflel,  and  the  whole 
melts  down  into  brafs.  A lefs  heat  is  required 
in  brafs-making  than  that  which  fufes  copper, 
the  zinc  being  able  to  penetrate  the  copper 
when  thoroughly  red  hot,  and  melting  it  down 
as  foon  as  it  becomes  brafs. 

Brafs  is  manufactured  in  many  countries,  but 
no  where  more  extenfively  and  better  than  in 
England,  in  which  both  the  materials  are  in 
great  abundance.  The  ores  of  zinc  arc  feveral 
fpecies  of  calamine  and  of  blende,  called  by  the 
miners  Black-Jack,  which  are  found  abundantly 
in  Devonfhire,  Derby  (hire,  and  North-Wales, 
generally  accompanying  lead  ores.  Thefe  are 
chiefly  oxyds  or  carbonated  oxyds  of  zinc,  and 
require  a previous  calcination  before  they  are 
fit  for  brafs-making. 

At  Holywell,  in  Flintfhire,  the  calamine 
which  is  received  raw  from  the  mines  in  the 
neighbourhood,  is  firft  pounded  in  a damping 
mill,  and  then  wafhed  and  lifted  in  order  to 


feparate  the  lead,  with  which  it  is  largely  ad=- 
mixed.  It  is  then  calcined  on  a broad  (hallow 
brick  hearth,  over  an  oven  heated  to  rednefs, 
and  frequently  flirred  for  fome  hours.  In  fome 
places  a conical  pile  is  compofed  of  horizontal 
layers  of  calamine  alternating  wdth  layers  of 
charcoal,  the  whole  reding  on  a layer  of  wood 
in  large  pieces,  with  fufficient  intervals  for  the 
draught  of  air.  It  is  then  kindled,  and  the 
dack  continues  to  burn  till  the  calamine  is 
thoroughly  calcined.  The  calamine  thus  pre- 
pared is  then  ground  in  a mill,  and  at  the  fame 
time  mixed  with  about  a third  or  a fourth  part 
of  charcoal,  and  is  then  ready  for  the  brafs  fur- 
nace. In  fome  places  pit-coal  is  ground  with 
the  calamine  indead  of  charcoal,  but  this  is 
found  to  injure  the  malleability  of  the  brafs- 
obtained . 

The  brafs-furnace  1 has  the  form  of  the  fruf- 
tum  of  a hollow  cone,  or  a cone  with  the  apex 
cut  off  horizontally.  At  the  bottom  of  the 
furnace  is  a circular  grate  or  perforated  iron 
plate,  coated  with  clay  and  horfe-dung,  to  de- 
fend it  from  the  action  of  the  fire.  The  cru- 
cibles dand  upon  the  circular  plate,  forming  a 
circular  row  with  one  in  the  middle.  The  fuel, 
which  in  England  is  coal,  is  thrown  round  the 
crucibles,  being  let  down  through  the  upper 
opening  or  fmaller  end  of  the  cone : over  this 
opening  is  a perforated  cover  made  of  fire-bricks 
and  clay,  and  kept  together  with  bars  of  iron 
fo  as  to  fit  clofely.  This  cover  ferves  to  regulate 
the  heat  in  the  following  manner : the  draught 
of  air  is  formed  through  an  under-gronnd  vault 
to  the  a(h-hoIe,  thence  through  the  grate  and 
round  the  crucibles,  and  through'  the  fmaller 
upper  opening  into  an  area  where  the  workmen 
dand,  which  is  covered  by  a large  dome  and  a 
chimney  to  convey  the  firroke  into  the  outer  air. 
When  the  draught  is  the  dronged,  and  the 
heat  is  required  of  the  greated  intenfity,  the 
cover  is  entirely  removed  and  the  flame  then 
draws  through  the  upper  opening  of  the  furnace 
to  a confiderable  height  into  the  outer  brick 
dome ; - when  the  heat  is  to  be  leffened  the 
cover  is  put  on,  which  intercepts  more  or  lefs 
of  the  draught  from  the  furnace,  as  more  or 
fewer  of  the  holes  of  the  cover  are  left  un- 
dopped, . 

The  crucibles  are  charged  with  the  mixed 
calamine  and  charcoal,  together  with  copper 
clippings  and  refufe  bits  of  various  kinds,  and 
fometimes  brafs  clippings  alfo,  mod  of  which 
are  previoufly  melted  and  run  into  a fmall  funk 
cidern  of  water  through  a kind  of  cullender^ 
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which  divides  the  metal  into  globules,  like  {hot. 
Powdered  charcoal  is  put  over  all,  and  the  cru- 
cibles are  then  covered  and  luted  up  with  a 
mixture  of  clay  or  loam  and  horfe-dung. 

The  time  required  for  heating  the  crucibles 
and  compleating  the  procefs  varies  confiderably 
in  different  works,  being  determined  by  cuflom, 
by  the  quantity  of  materials,  the  fize  of  the 
crucibles,  and  efpecially  the  nature  of  the  cala- 
mine. In  the  great  way  from  ten  to  twenty- 
four  hours  are  required.  At  Holywell,  in  Flint- 
ihire,  about  twenty-four  hours  are  taken. 

During  the  procefs,  and  efpecially  towards 
.the  latter  end,  part  of  the  reduced  zinc  which 
efcapes  abforption  by  the  copper,  finds  its  way 
in  vapour  through  the  luting  of  the  crucible- 
lids,  and  burns  around  them  with  the  beautiful 
blue  flame  and  denfe  white  fmoke  peculiar  to 
this  metal. 

The  heat  required  for  brafs-making  is  fome- 
what  lefs  than  what  would  be  neceffary  to  melt 
large  maffes  of  copper,  brafs  being  the  more 
fufible  of  the  two,  and,  as  it  fhould  feem,  the 
vapour  of  zinc  being  able  to  penetrate  copper  as 
foon  as  it  is  loftened  by  a full  red  heat.  When 
the  brafs  is  judged  to  be  compleat,  and  the 
faturation  of  the  copper  with  zinc  to  be  as  high 
as  pofiible,  the  heat  is  increafed  to  melt  the 
whole  down  into  one  clean  rnafs  at  the  bottom, 
the  crucibles  are  taken  out  and  the  metal  poured 
into  moulds.  At  Holywell,  out  of  the  fix  cru- 
Ncibles  ufed  to  one  furnace,  the  quantity  of  brafs 
obtained  is  about  as  much  as  would  fill  one  of 
them.  This  makes  in  fubfequent  manufa&ure 
a fingle  large  plate,  which  is  manufactured  in 
the  fame  way  as  copper  plate.  Or,  more  accu- 
rately, from  forty  pounds  of  copper  and  fixty 
pounds  of  calamine,  about  fixty  pounds  of  brafs 
are  obtained,  befides  the  lofs  of  a good  deal  of 
zinc  by  the  unavoidable  efcape  of  much  of  it  in 
form  of  vapour  through  the  pores  of  the  lute  or 
.the  crucible-covers. 

The  above  is  the  ufual  procefs  of  brafs-making 
in  this  country,  and  is  effentially  the  fame 
wherever  this  alloy  is  manufactured,  but  with 
fome  variation  as  to  the  choice  of  ingredients, 
their  proportions,  the  time  of  fufion,  the 
fhape  of  the  furnace  and  other  fmaller  circum- 
ftances. 

At  Goflar,  in  Saxony,  where  brafs  is  largely 
made,  the  zinc  is  furnifhed  not  by  a native  cala- 
,mine  but  the  cadmia  or  fublimed  oxyd  of  zinc, 
which  is  collected  for  this  purpofe  in  a particu- 
lar part  of  the  chimnies  of  the  reverberatory 
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furnaces  in  which  the  Saxon  lead  ores  and 
blendes  are  roafted. 

A great  variety  obtains  in  the  refpective  pro- 
portions of  the  ingredients.  According  to 
Swedenborg b they  are,  in  Goflar,  30  parts  of 
copper,  40  to  45  of  cadmia,  and  twice  the 
volume  of  charcoal ; at  Paris,  and  in  many  of  the 
French  manufactories,  they  are,  35  of  copper, 
35  of  old  brafs,  40  of  calamine,  and  20  to  25 
of  charcoal ; in  Sweden,  30  of  copper,  20  to 
30  of  old  brafs,  and  46  of  calamine,  with  char- 
coal fufficient ; or,  40  of  copper,  30  of  old 
brafs,  and  60  of  calamine;  and  in  England, 
generally  about  40  of  copper  and  60  of  calamine. 
The  product  of  brafs  varies  alfo,  but  it  l'eems 
to  be  in  few  places  fo  great  as  in  fome  of  the 
Englilh  works,  where,  as  already  mentioned, 
40  pounds  of  copper  become  in  the  procefs  60 
pounds  of  brafs.  This  fupcrior  quantity  is 
afcribed  partly  to  the  goodnefs  of  the  calamine 
and  partly  to  the  fmallnefs  to  which  the  copper 
is  previoufly  reduced  by  being  poured  melted 
into  cold  water,  and  thus  affording  a great  fur- 
face  of  metal  to  the  attion  of  the  zinc  vapour. 

At  Stolberg, c near  Aix-la-Chapelle,  where 
brafs  is  very  largely  manufactured,  the  fur- 
naces are  cylindrical,  and  each  contains  eight 
crucibles  arranged  in  two  tiers  of  four  each. 
Thefe  crucibles  are  fifteen  inches  high,  twelve 
inches  deep,  and  eight  or  nine  inches  wide. 
The  proportions  of  ingredients  are  40  lb.  of 
copper,  65  lb.  of  calamine,  and  double  its  vo- 
lume of  charcoal.  After  the  fire  has  been  kept 
up  for  twelve  hours,  the  crucibles  are  uncovered, 
and  a workman  takes  off  with  an  iron  trowel 
all  the  fcum  and  charcoal  which  fwim  upon  the 
liquid  metal,  and  which  is  called  arkejl.  When 
examined  with  a glafs,  this  is  found  to  confift 
of  calamine  and  copper  particles,  cohering  to- 
gether but  not  compleatly  united.  The  brafs  re- 
sulting from  this  firft  procefs  is  coarfe, brittle,  and 
unequal  in  texture,  and  requires  a fecond  fufion 
before  it  is  fit  for  ufe.  For  this  purpofe  the 
fame  crucibles  are  again  employed  and  are  filled, 
firft  with  three  handfuls  of  the  mixture  of  cala- 
mine and  charcoal,  over  which  are  put  two  or 
three  pounds  of  the  impure  brafs  broken  in 
pieces,  then  more  calamine  and  charcoal,  with 
a lump  of  the  arkejl , and  over  all,  calamine  and 
charcoal  powder.  The  crucible  is  then  ftrongly 
heated  for  two  hours,  after  which  the  brafs  is 
fit  to  be  caft  into  plates,  which  is  done  here  in 
the  following  manner.  A mould  is  formed  of 
two  blocks  of  granite,  five  feet  long,  three  and 
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a half  broad,  and  eight  inches  thick.  They  are 
placed  one  above  the  other,  the  upper  one  being 
only  moveable,  and  furnilhed  with  a tackle  and 
pullies  for  that  purpofe,  and  before  calling,  the 
furface  is  fmeared  with  cow-dung.  To  give 
the  plate  the  requifite  thicknefs,  hoops  of  iron 
of  different  dimenfions  are  adapted  to  the  under 
Hone,  fo  as  to  confine  a determinate  quantity 
of  melted  metal.  The  Hones  are  then  gently 
inclined  and  the  melted  brafs  let  in  between 
them.  Thcfe  plates  are  afterwards  laminated : 
fome  of  them  are  cut  into  flips  by  llrong  {hears, 
for  the  further  purpole  of  being  drawn  into  wire, 
and  otherwil'e  manufactured  in  various  ways. 

A Angle  procefs,  where  the  fire  is  kept  up 
long  enough  and  the  materials  are  good,  is  cer- 
tainly luificieut  to  make  good  malleable  brafs, 
but  it  is  probable  that  the  excellence  and  beauty 
of  the  article  are  improved  by  making  it  undergo 
a fecond  cementation  with  frelh  calamine  and 
charcoal. 

In  the  laboratory  brafs  may  be  made  very  well 
in  the  fmall  way  in  a much  fhorter  time.  d Put 
into  a crucible  a mixture  of  calamine  and  char- 
coal, bury  it  in  the  requifite  proportion  of  copper 
Ihot,  cover  the  whole  with  charcoal  powder, 
lute  on  a cover  to  the  crucible,  and  heat  flowly 
in  a wind-furnace  for  half  an  hour,  till  the  zinc 
begins  to  burn  olf  in  a blue  flame  round  the  top 
of  the  crucible,  then  raife  the  fire  and  heat 
brifkly  for  half  an  hour  longer. 

This  procefs  of  cementation  is  alfo  neatly 
{hewn  by  the  following  management,  as  given 
by  Cramer.  e Put  the  mixture  of  calamine  and 
charcoal  into  a crucible,  cover  it  with  a thin 
layer  of  clay,  over  which  when  dry  lay  a thin 
plate  of  copper,  cover  the  whole  with  fine  char- 
coal powder,  and  lute  on  a cover  to  the  crucible. 
Apply  heat  gradually,  and  the  vapour  of  the 
reduced  zinc  will  rife  through  the  floor  of  clay, 
penetrate  the  red-hot  copper  plate  above  it,  and 
gradually  convert  it  into  brafs,  which  at  the 
end  of  the  operation  will  be  found  lying  melted 
on  the  ftratum  of  clay.  The  increafe  of  weight 
gained  by  the  copper  in  this  operation  will 
afford  a good  practical  tell  of  the  goodnefs  of 
the  calamine,  and  its  fitnefs  for  brafs-making  in 
the  great  way. 

The  moll  important  properties  of  brafs 
compared  with  copper  are  the  following : the 
colour  of  brafs  is  much  brighter,  and  more 
approaching  to  that  of  gold  ; it  is  more  fufible 
than  copper ; lefs  fubjeft  to  ruff;  and  to  be 
added  on  by  the  vaft  variety  of  fub dances  which 
corrode  copper  with  fo  much  eafe ; and  it  is 
4 Sage,  • Ars  doornail. 


equally  malleable  when  cold,  and  more  exten- 
fible  than  either  copper  or  iron,  and  hence  is 
well  fitted  for  fine  wire.  Brafs  however  is  only 
malleable  when  cold.  Hammering  is  found  to 
give  a magnetic  property  to  brafs,  perhaps  how- 
ever only  arifing  from  the  minute  particles  of 
iron  beaten  off  the  hammer  during  the  procefs 
and  forced  into  the  furface  of  the  brafs,  but^ 
this  circumftance  makes  it  neceflary  to  employ 
unhammered  brafs  for  compafs-boxes  and  fimilar 
apparatus. 

The  expanfion  of  brafs  has  been  very  accu- 
rately determined,  as  this  metal  is  molt  com- 
monly ufed  for  mathematical  and  aftronomical 
inftruments,  where  the  utmoft  precifion  is  re- 
quired. Mr.  Smeaton  found  that  12  inches  in 
length  of  caff  brafs,  at  3 2°,  expanded  by  180 
degrees  of  heat  (or  the  interval  from  freezing 
to  boiling  water)  225  ten  thoufandth  parts  of  an 
inch.  Brafs  wire  under  the  fame  circumftances 
expanded  232  parts;  an  alloy  of  16  of  brafs 
with  1 of  tin  expanded  229  parts.  The  expan- 
fion of  hammered  copper  is  only  204  fuch  parts, 
but  that  of  zinc  is  253,  fo  that  brafs  holds  a 
middle  place  in  this  refpedl  between  its  two 
component  metals. 

Moll  of  the  zinc  readily  burns  off  from  brafs 
when  kept  melted-  in  a ftrong  heat  with  free 
accefs  of  air.  When  the  heat  is  equal  to  that 
of  melted  copper,  the  zinc  takes  fire  and  flowly 
burns  away.  At  laft  little  elfe  but  copper 
remains,  but  Hill  united  with  a fmall  portion  of 
zinc,  which  no  further  continuance  of  the  fire 
will  entirely  feparate. 

Some  kinds  of  very  fine  brafs  are  faid  not  to 
be  made  by  cementation  in  the  way  already 
defcribed,  but  by  a more  fpeedy  and  diredi 
union  of  copper  and  zinc,  care  being  taken  to 
prevent  the.  accefs  of  air  to  the  materials  while 
in  fufion.  Very  fine  brafs  may  alfo  be  made 
by  mixing  together  the  oxyds  of  copper  and 
zinc,  and  reducing  them  with  a carbonaceous 
flux.  This  idea  is  ingenious,  and  from  the 
intimate  mixture  of  the  two  metals  which  it 
promifes,  it  deferves  to  be  further  purfued. 
Sage  gives  the  following  experiment  to  this 
purpofe.  s Mix  together  50  grains  of  the  oxyd 
of  copper,  remaining  after  the  diftillation  of. 
verdigris  (which  is  very  pure)  with  ico  grains 
of  lapis  calminaris,  400  grains  of  black  flux, 
and  30  grains  of  charcoal  powder  ; melt  the  mix- 
ture in  a crucible  till  the  blue  flame  is  feen  no 
longer  round  the  lid  of  the  crucible,  and  when 
cold  a fine  button  of:  brafs  is  found  beneath  the 
fcoria,  weighing  a fixth  more  than  the  copper. 

' Journ.  de  Phyf,  vol.  sxxviii. 
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alone,  obtainable  from  its  oxyd  in  the  fame  way 
but  without  the  calamine.  This  brafs  has  a 
very  fine  colour  like  gold. 

On  this  experiment  M.  Sage  obferves  that 
there  appears  to  be  a point  of  mutual  faturation 
between  the  two  metals,  which  is  when  the 
copper  retains  one-fixth  of  zinc,  and  this  por- 
tion it  will  retain  however  long  it  is  heated, 
provided  the  furface  of  the  melted  metal  be 
covered  to  protect  the  zinc  from  the  action  of 
the  air ; but  if  the  brafs  contains  a greater  pro- 
portion of  zinc,  precifely  this  excefs  will  el'cape, 
even  in  covered  vefi’els,  and  will  burn  when  it 
comes  out  to  the  air.  The  fame  chemift  alfo 
obferves  that  the  colour  is  the  finelt  at  the 
above  proportion.  Thefe  experiments  feem  to 
require  further  confirmation,  but  at  prefent  we 
may  reckon  that  to  be  the  moll  perfebt  brafs 
which  is  compofed  of  about  14.28  per  cent,  of 
zinc  and  85.72  of  copper,  and  which  is  not 
liable  to  any  alteration  in  its  conftituent  parts 
by  fucceffive  or  long  continued  fufions,  provided 
the  accefs  of  air  be  prevented. 

The  analyfis  of  brafs  has  been  attempted  in 
various  ways,  and  feveral  procefl'es  have  been 
given  of  different  merit. 

Brafs  may  be  to  a certain  degree  analyfed  by 
(imply  being  kept  in  fufion  at  a high  heat  with 
free  accefs  of  air.  The  zinc  readily  burns,  and 
by  far  the  greater  part  of  it  efcapes,  and  when 
the  blue  flame  of  the  metal  ceafes  the  analyfis 
is  fuppofed  to  be  compleat,  the  lofs  of  weight 
on  the  remaining  metal  indicating  the  quantity 
of  zinc.  But  this  is  inaccurate  from  two  caufes-, 
firft,  that  a portion  of  zinc  always  remains  in 
the  copper  however  long  the  heat  be  continued, 
and  fecondly  that  part  of  the  copper  oxidates  in 
the  procefs,  and  thereby  gains  an  increafe  of 
weight.  Both  thefe  circumftances  therefore 
contribute  to  indicate  a fmaller  proportion  of 
zinc  than  is  really  the  cafe. 

A fimple  folution  of  brafs  in  the  fulphuric 
acid  and  fubfequent  cryftallization  has  alfo  been 
recommended,  on  the  idea  that  the  cryftals  of 
lulphat  of  zinc  could  readily  be  obtained  l'eparate 
from  thofe  of  the  fulphat  of  copper.  But  though 
this  feparation  takes  place  to  a confiderable 
degree  it  is  not  compleat,  for  at  the  laft  the 
cryftals  of  each  fait  are  fomewhat  alloyed  with 
the  other,  and  the  trouble  of  picking  out  the 
cryftals  when  very  fmall  is  extreme. 

M.  Dize  g propofes  the  following  methods. 
1.  Diffolve  the  brafs  in  nitric  acid,  which  takes 
.up  the  copper  and  zinc  and  leaves  any  tin  with 
owhich  it  is  often  alloyed.  Decompofe  the  clear 

i Jour,  de  Phvf.  tom.  48. 


nitrated  folution  by  potafti,  rediffolve  the  pre- 
cipitate in  fulphuric  acid,  and  add  a piece  of 
clean  bright  iron  to  the  folution,  previoufly 
diluted  with  fix  times  as  much  water.  The 
copper  is  by  this  means  precipitated  in  a metallic 
ftate,  and  the  folution  now  holds  fulphat  of  iron 
and  fulphat  of  zinc.  Add  gallic  acid,  which 
will  flowly  feparate  the  iron  and  leave  the  zinc. 
Laftly,  decompofe  the  fulphat  of  zinc  by  a car- 
bonated alkali,  and  eftimate  the  quantity  of  zinc 
contained  in  the  carbonated  oxyd  of  zinc  thus 
obtained,  by  proportions  which  will  be  prefently 
mentioned.  The  above  method  is  ufeful,  but 
the  feparation  of  the  iron  by  the  acid  of  galls  is 
exceflively  tedious. 

2.  Difl'olve  the  brafs  in  nitric  acid.  Dilute 
with  fix  parts  of  water,  and  immerfe  in  the 
folution  a cylinder  of  bright  clean  lead.  The 
copper  fpeedily  feparates  in  the  metallic  form 
round  the  lead,  which  laft  takes  its  place  in  the 
folution.  As  this  procefs  advances  the  liquor 
lofes  its  blue  colour,  and  when  all  the  copper 
is  feparated  it  is  (lightly  yellow.  To  be  certain 
that  no  copper  remains  in  the  folution,  add  a 
frefli  clean  piece  of  lead  and  boil  for  fome  time. 
The  liquor  now  contains  nitrat  of  lead  and 
nitrat  of  zinc.  Sulphuric  acid  will  now  pre- 
cipitate the  lead  in  the  form  of  an  infoluble 
fulphat,  and  the  nitrated  zinc  may  then  be 
decompofed  by  a carbonated  alkali. 

On  this  precipitation  however  there  are  feveral 
things  to  be  obferved.  Copper,  as  Vauquelin 
remarks,  h when  diflblving  in  nitric  acid  abforbs 
nearly  TV°o  of  its  weight  of  oxygen,  but  lead 
under  the  fame  circumftance  abforbs  only  -j'Sr- 
Hence  100  parts  of  copper  difiolved  in  nitric 
acid  would  require  for  their  difoxygenation  (a 
procefs  which  takes  place  whenever  a metallic 
oxyd  in  folution  is  precipitated  by  the  immerfion 
of  another  metal  in  its  metallic  ftate)  full  250 
parts  of  lead,  which  laft  is  of  courfe  oxydated 
in  proportion  as  the  copper  is  precipitated  in  the 
metallic  form.  But  this  large  quantity  of  oxyd 
of  lead  cannot  be  held  in  folution  by  the  nitric 
acid,  except  this  is  largely  in  excefs,  and  this 
explains  the  reafon  of  the  appearance  of  a 
portion  of  oxyd  of  lead  (as  M.  Dize  has  ob- 
served) which  forms  at  the  latter  end  of  the 
procefs  and  mixes  with  the  newly  precipitated 
metallic  copper,  fo  as  to  require  a fubfequenf 
operation  to  feparate  them.  Nor  will  an  excefs 
of  nitric  acid  enfure  the  purity  of  the  precipi- 
tated copper,  for  it  happens  here,  as  is  now 
found  to  take  place  in  very  many  of  the  reguline 
metallic  precipitates,  that  the  newly-feparated 
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metal  is  not  pure,  but  largely  alloyed  with  the 
metal  added  as  a precipitant.  Therefore  the 
locffe  flocculent  metal  which  forms  around  the 
piece  of  lead  is  not  pure  copper,  though  it  has 
a perfect  cupreous  appearance,  but  is  copper 
largely  alloyed  with  lead.  Vauquelin  found 
that  if  50  grains  of  pure  copper  are  diflolved  in 
an  excefs  of  nitric  acid,  and  then  entirely  pre- 
cipitated by  metallic  lead,  of  which  about  220 
grains  are  required,  the  cupreous  precipitate 
now  weighs  138  grains  inftead  of  the  original 
50,  and  therefore  is  not  pure  copper  but  an 
alloy  of  50  parts  of  copper  with  88  parts  of 
lead.  This  method  therefore  of  analyfing  brafs 
cannot  be  depended  on,  unlefs  the  cupreous 
precipitate  be  afterwards  feparately  treated  to 
feparate  the  lead,  which  would  render  the  ana- 
lysis very  complicated. 

The  following  methods  are  given  by  Vau- 
quelin. 

3.  DifTolve  a known  weight  of  brafs  in  nitric 
acid  ; put  it  into  a well  clofed  bottle  and  add 
cauftic  potafh  to  excefs,  fo  that  there  (hall  be  a 
very  fenfible  alkaline  tafte  in  the  liquor,  lhake 
the  mixture  well,  and  keep  it  fome  time  in 
digeftion.  By  this  procefs  the  oxyds  of  copper 
and  zinc  are  firft  both  precipitated  by  the  alkali, 
and  afterwards  the  zinc  alone  rediflolved  in  the 
excefs  of  potalh,  fo  that  the  clear  folution  is 
oxyd  of  zinc  in  potalh,  and  the  fediment  left 
undiflolved  is  the  oxyd  of  copper.  This  oxyd 
is  brown  and  nearly  of  the  colour  of  metallic 
copper,  but  when  thoroughly  walhed  and  gently 
dried,  it  only  contains  65  per  cent,  of  the  metal. 
If  a previous  allay  has  ihewn  that  the  fpecimen 
of  brafs  contained  only  copper  and  zinc,  when 
the  weight  of  the  former  is  known,  that  of  the 
other  may  readily  be  inferred  *,  or  elfe,  the  alka- 
line folution  of  zinc  may  be  fuperfaturated  with 
fulphuric  acid,  fo  as  firll  to  precipitate  and 
afterwards  to  redilTolve  the  metal,  when  the 
fulphuric  folution  may  be  decompofed  by  a 
carbonated  alkali.  A very  trifling  quantity  of 
copper  pafles  into  the  alkaline  folution  of  zinc, 
occafioned  by  the  action  of  a fmall  quantity  of 
ammonia,  generated  by  the  nitrated  metals  when 
caultic  alkali  is  added  to  them.  If  necelfary 
this  might  be  again  feparated  by  a heat  cau- 
tioufly  kept  below  boiling,  which  would  expel 
the  ammonia,  the  caufe  of  this  error,  but  if 
brought  fully  to  boil  fome  of  the  zinc  would 
feparate.  from  the  alkali  and  caufe  a much  greater 
error  than  before. 

4.  Diflolve  brafs  in  fulphuric  acid,  dilute  with 
twenty  times  as  much  water,  and  immerfe  a 
flick  of  zinc  exactly  weighed.  The  copper 


foon  compleatly  precipitates  in  the  metallic 
form,  and  requires  only  to  be  well  wafhed  and 
weighed.  The  folution  now  contains  only  the 
zinc  of  the  brafs,  together  with  the  zinc  loft 
from  the  piece  immerfed  to  precipitate  the  cop- 
per. By  weighing  the  remainder  of  the  flick 
of  zinc,  and  precipitating  the  whole  by  car- 
bonated potafh  or  foda,  an  eafy  calculation  will 
determine  how  much  of  the  oxyd  of  zinc  is 
derived  from  the  zinc  contained  at  firft  in  the 
brafs.  Or,  more  Amply,  this  may  be  inferred 
from  the  copper  obtained,  and  the  quantity  of 
brafs  originally  employed. 

It  remains  on  the  fubject  of  analyfis  to  give 
the  conftituent  parts  of  carbonat  of  zinc.  M. 
Dize  diflolved  100  parts  of  zinc  in  nitric  acid, 
precipitated  it  by  carbonated  foda,  and  this  pro- 
duct well  wafhed  and  dried  now  weighed  180 
parts.  Hence  100  parts  of  carbonat  of  zinc 
thus  prepared  would  indicate  55.5  of  metallic 
zinc. 

On  the  other  hand  Vauquelin  found  that 
carbonat  of  zinc  obtained  from  the  fulphat  by 
carbonated  potafh,  well  wafhed,  and  calcined 
in  a crucible  to  expel  all  the  carbonic  acid,  con- 
tained 69  per  cent,  of  metallic  zinc.  Hence 
the  carbonat  obtained  by  Dize  muft  have  been 
dried  at  a low  temperature,  probably  that  of 
boiling  water,  and  from  either  of  the  above 
data  the  proportion  of  zinc  may  be  eftimated  j 
or  elfe  the  carbonated  oxyd  may  be  mixed  with 
about  a fourth  of  charcoal  and  ftrongly  heated 
in  an  earthen  retort  with  the  beak  dipping  in 
water,  by  which  the  zinc  will  be  reduced  and 
will  rife  into  the  neck  of  the  retort,  or  partly 
fall  into  the  water  beyond. 

Analyfis  fhews  a vaft  variety  in  the  propor- 
tions of  the  different  fpecies  of  brafs  ufed  in 
commerce.  In  general  the  extremes  of  the 
higheft  and  loweft  proportions  of  zinc  are  from 
12  to  25  per  cent,  of  the  brafs.  Even  with  fo 
much  as  25  per  cent,  of  zinc,  brafs,  if  well  ma- 
nufactured, is  perfectly  malleable,  though  zinc 
itfelf  fcarcely  yields  to  the  hammer.  M.  Dize 
analized  a fpecimen  of  remarkably  fine  brafs 
made  at  Geneva,  for  the  purpofe  of  efcapement 
wheels  and  the  nicer  parts  of  watch-making, 
the  perfect  bars  of  which  bear  a very  high  price. 
This  metal  unites  great  beauty  of  colour  to  a 
very  fuperior  degree  of  ductility.  It  was  found 
to  confift  of  75  of  copper  with  25  of  zinc,  and 
probably  too  the  copper  was  Swedifh  or  fome 
of  die  finer  forts.  The  comon  brafs  of  Paris 
feems  to  contain  about  13  per  cent  of  zinc,  the 
Englilh  probably  more. 

The  ufes  of  brafs  are  too  numerous  to  be 
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^mentioned.  It  is  applicable  to  an  infinite  variety 
of  purpofes,  is  eafily  wrought  by  calling  and 
hammering,  and  by  the  lathe,  its  wire  is  emi- 
nently ufeful,  and  it  takes  a high  and  very  beau- 
tiful polilh.  The  appearance  of  brafs  is  given 
to  other  metals  by  walking  them  with  a yellow 
lacquer  or  Varnish,  a fubllitution  often  very 
much  to  the  detriment  of  the  manufactured 
article. 

Many  other  yellow  alloys  of  copper  are  ufed, 
fuch  as  bronze,  bell-metal,  &c.  moll  of  which 
are  triple  compounds,  and  will  be  noticed  under 
the  article  Copper. 

BRAUNSPATH. 1 Pearl-fpar.  Sidero-calcite 
of  ICirwan.  Spath  brunijjant  of  Brochant.  Chaux 
carbonates  f err  fere  Hauy. 

The  colour  of  this  mineral  is  milk-white, 
palling  into  greyifh,  yellowilh  or  reddilh-white ; 
or  rofe-red  palling  into  flelh,  blood,  or  brownifh- 
red : when  it  has  been  expofed  for  fome  time 
to  the  action  of  the  weather  it  becomes  firll  of 
a yellowilh  grey  colour,  and  then  verges  into 
ochre  or  Ifabella-yellow,  yellowilh,  reddilh,  liver 
and  blackilh-brown.  It  is  fometimes  fpotted, 
an  accident  that  happens  moll  frequently  with 
the  red-coloured  varieties. 

It  occurs  generally  cryltallized,  and  the  forms 
of  its  cryllals  that  are  determinable  are  the 
fame  as  certain  varieties  of  calcareous  fpar.  Its 
primitive  figure  is  a rhomboid  exaClly  corres- 
ponding with  that  of  calcareous  fpar.  The  other 
figures  are, 

1.  Equiaxe  (of  Hauy) ; a very  obtufe  rhom- 
boid. 

2.  Inverfe  (of  Hauy)  *,  an  acute  rhomboid, 
which  is  the  primitive  figure  inverted. 

3.  Contraflante  (of  Hauy) ; a ftill  more  acute 
rhomboid  than  the  preceding. 

4.  Bafee  (of  Hauy) ; the  primitive  rhomboid, 
the  two  fummits  of  which  are  intercepted  by 
two  triangular  facets. 

5.  Dihexaedre  (of  Hauy);  an  oblique  fix- 
fided  pyramid,  the  alternate  angles  of  which 
are  equal. 

The  undeterminable  forms  of  this  mineral 
are, 

6.  Lenticular  (lenticulaire  of  Hauy) ; which 
differs  from  the  equiaxe  in  having  the  faces  and 
angles  rounded. 

7.  Curvilinear  rhomboid  (contournee  of 
Hauy) ; a fmall  rhomboid,  all  the  faces  of  which 
form  a fold  in  the  diredlion  of  their  oblique 
diagonal. 

It  alfo  occurs  in  minute  interlaced  rhomboidal 
feales,  fome  of  which  have  a confiderable  refem- 

* Emmerling,  Kirwan,  H?.uy,  Brochant,  Jamefon. 


blance  to  blende ; or  in  globular  mafles  or  cel- 
lular. 

The  furface  of  the  cryllals  is  generally  drufy, 
except  of  the  rhombs,  which  are  fmooth.  Its 
external  lullre  is  more  or  lefs  Ihining,  with  a 
pearly  lullre,  but  when  ima  Hate  of  commencing 
decomposition  it  has  ufually  a variegated  femi- 
metallic  appearance.  The  fradlure  of  braunf- 
path  is  ftrait  or  curved-foliated,  exhibiting  a 
threefold  obliquely  interfedling  cleavage,  like 
calcareous  fpar.  It  flies  when  broken  into 
rhomboidal  fragments.  It  is  tranfiucent  on  the 
edges,  rarely  entirely  tranfiucent.  Its  hardnefs 
is  a little  Superior  to  that  of  caicareous-fpar. 
Sp.  gr.  2.83,  according  to  Briflbn ; the  Ifabella 
yellow  variety,  according  to  Kirwan  ^=2.39. 

Before  the  blowpipe  braunfpath  crackles  and 
falls  to  pieces,  and  becomes  of  a brownilh  black 
colour  (hence  its  name)  but  does  not  melt : 
with,  borax  it  runs  into  a frothy  flag.  By  ex- 
pofure  to  a long  continued  high  heat  in  a char- 
coal crucible,  it  becomes  a dark  brown  friable 
mafs,  fludded  with  minute  metallic  grains ; in 
a clay  crucible  it  produces  a brown  glafs,  tranf- 
lucid  on  the  edges  and  tranfparent  in  thin 
fhivers. b It  effervefees  with  acids,  though 
feebly,  and  not  except  it  is  pulverized. 

The  maflive  variety,  when  calcined  and  mixed 
with  fand  forms  a flrong  and  valuable  cement, 
which  fets  quickly  and  is  impenetrable  by  water. 

The  conllituent  parts  of  braunfpath,  accord- 
ing to  Bergman,  are 

50  carbonat  of  lime, 

22  oxyd  of  iron, 

28  oxyd  of  manganefe. 
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But  a Specimen  that  was  analyfed  by  Berthollet, 
at  the  defire  of  Hauy,  contained  only  about  4 
per  cent,  iron  and  manganefe,  the  refl  being 
carbonat  of  lime.  On  this  account,  and  becaufe 
its  cryllallographical  charadlers  agree  with  thofe 
of  calcareous  fpar,  M.  Hauy  combines  the 
white  or  fpathofe  iron  ore  with  braunfpath  under 
the  name  Chaux  carbonatee  ferrifere,  and  ranks 
it  as  a family  of  calcareous  fpar. 

Many  of  the  calcareous  fpars  which  are 
efleemed  pure,  appear  when  analyfed  by  nitrous 
acid  to  contain  iron ; and  perhaps  a regular  pro- 
greffion  may  exifl  from  calcareous  fpar  with  the 
imallell  quantity  of  iron,  to  braunfpath,  and 
finally  to  fpathofe  iron  ore,  or  carbonat  of  iron 
with  the  fmallefl  quantity  of  calcareous  fpar. 
This  however  is  as  yet  by  no  means  afeertained, 
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and  it  is  on  many  accounts  more  convenient  to 
arrange  the  fpathofe  iron  among  the  ores  of 
this  metal,  and  to  make  diftin£t  fpecies  of 
braunfpath  and  calcareous  fpar. 

It  occurs  chiefly  in  veins  accompanied  by  cal- 
careous fpar,  fpathofe  iron  ore,  galena,  blende, 
pyrites,  yellow  copper,  and  various  ores  of  filver. 
It  is  found  in  the  mines  of  Norway,  Germany, 
Sweden,  France,  Hungary,  and  England.  At 
Ormes  head,  in  Caernarvonfhire,  it  is  found  in 
veins  with  copper  and  manganefe,  and  alfo  very 
abundantly  in  mafs. 

BRAZIL  WOOD  or  Fernambouc  TV iod.  Sapan 
Wood.  The  tree  which  bears  this  wood  is  the 
Csefalpina  Crifta,  Linn.  The  wood  is  very  hard, 
takes  a high  polifli,  and  is  fo  heavy  as  to  fink  in 
water.  When  chewed  it  gives  a iweetifh  tafte. 
It  much  refembles  in  appearance  Red  Saunders 
wood,  but  differs  from  it  effentially  in  readily 
giving  out  its  colour  to  water,  which  Saunders 
wood  does  not. 

Brazil  wood  is  valuable  for  the  beautiful 
orange  and  red  colours,  in  various  fhades,  which 
it  furnifhes  to  the  dyer,  but  the  colour  is  natu- 
rally very  fugitive,  though  it  may  be  to  a certain 
degree  fixed  by  various  mordants. 

When  rafpings  of  brazil  wood  are  boiled  for 
fome  time  in  water  they  give  a fine  red  decoc- 
tion. The  refidue  appears  black,  but  alkalies 
will  continue  to  extract  a colour  from  it  after 
the  action  of  water  is  exhaulted.  Spirit  of  wine 
and  ammonia  alfo  extraft  a colour  with  great 
facility,  which  is  fomewhat  deeper  than  the 
watery  deco&ion. 

When  fulphuric  acid  is  added  very  gradually 
to  a frefh  watery  deco£tion  of  Brazil  wood, 1 
a fmall  quantity  of  red  precipitate  falls  down, 
and  the  clear  liquor  now  becomes  yellow.  Nitric 
acid  produces  a fimilar  change,  but  the  liquor 
is  more  of  an  orange.  Moft  of  the  other  acids 
alfo  agree  with  the  former  in  producing  a red 
precipitate,  and  leaving  the  clear  liquor  of  dif- 
ferent fhades  of  yellow  or  orange.  The  alkalies 
added  to  this  liquor  reftore  the  original  red 
colour,  but  with  a call  of  crimfon  or  violet. 

Brazil  wood  decodlion,  or  infufion  in  water, 
is  readily  turned  of  a violet  or  purple  blue  by 
alkalies,  and  this  change  is  produced  by  fo  very 
minute  a quantity  as  to  furnifh  a chemical  teft 
of  the  prefence  of  alkalies,  of  very  great  utility. 
According  to  Bergman,5  in  his  valuable  analyfes 
of  mineral  waters,  io  grains  of  cryftallized  car- 
bonat  of  foda,  which  contains  no  more  than 
about  2.15  grains  of  mere  alkali,  difiolved  in  a 
Swedifh  kanne  (5.5  Englifli  pints)  of  water,  give 
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a fenfible  purple  tinge  to  paper  reddened  by 
Brazil  wood.  There  is  however  fome  ambiguity 
in  this  teft,  as  the  fame  change  is  produced  by 
a folution  of  lime  or  magnefia  in  carbonic  acid 
and  water,  a very  frequent  occurrence  in  moft 
natural  waters.  Evaporating  the  water  for  fome 
time  will  diftinguifh  whether  the  change  on 
Brazil  wood  is  produced  by  an  alkali  of  a car- 
bonated earth  ; for,  if  by  the  former,  the  purple 
will  be  more  intenfe  in  the  concentrated  water, 
as  it  now  holds  a greater  proportion  of  alkali ; 
but  if  by  a carbonated  earth,  the  effedl  will  be 
loft,  as  the  boiling  expels  the  loofe  carbonic 
acid,  and  precipitates  the  carbonated  earth 
which  it  held  in  folution.  c 

The  effects  of  the  folutions  of  tin  and  alum 
on  Brazil  wood  are  the  moft  important  to  the 
dyer.  Alum  added  to  the  watery  decodlion  of 
the  wood  gives  a copious  fine  red  precipitate, 
inclining  to  crimfon  and  fubfiding  {lowly.  The 
fupernatant  liquor  alfo  retains  the  original  red 
colour  of  the  deco&ion,  but  if  enough  of  alkali 
is  added  to  decompofe  the  alum,  its  earth  falls 
down  and  carries  with  it  nearly  all  the  remaining 
colouring  matter  of  the  wood.  In  this  way  a 
fine  crimfon  Lake,  imitating  the  cochineal  car- 
mine, may  be  prepared,  which  therefore  confifts 
of  alumine,  intimately  combined  with  the  colour- 
ing matter  of  the  wood  a little  heightened. 

Nitro-muriat  of  tin  added  to  the  decodfion 
feparates  the  whole  of  the  colouring  matter, 
which  falls  down  in  great  abundance  in  union 
with  the  oxyd  of  tin,  and  the  liquor  remains 
colourlefs.  Even  when  the  original  colour  of 
the  wood  has  been  previoufly  altered  by  acids, 
the  tin  folution  firft  reftores  the  natural  colour, 
and  then  precipitates  the  colouring  matter  as 
with  the  frefli  decodtion. 

The  folutions  of  iron  blacken  the  decodtion 
or  infufion  of  Brazil  wood,  {hewing  the  prefence 
of  the  gallic  acid. 

Many  of  the  other  metallic  folutions  adt  fimi- 
larly  to  that  of  tin,  in  forming  lakes,  confifting 
of  the  colouring  matter  of  the  wood  united  with 
the  metallic  oxyd  of  the  folution  employed. 

The  colour  of  Brazil  wood,  though  highly 
beautiful  is  readily  fugitive,  and  has  the  ad- 
ditional difadvantage  of  being  darkened  and 
rendered  purple  by  foap,  which  therefore  can- 
not be  employed  in  wafhing  cloth  dyed  with 
this  colour.  Acids  render  the  colour  permanent, 
but  change  it  yellow.  It  is  peculiarly  dif- 
tinguifhed  from  the  colouring  matter  of  kermes 
and  madder,  by  having  the  original  crimfon-red 
reftored  by  folutions  of  tin,  after  having  been 
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altered  by  acids.  Accordingly  the  bell  practical 
dyers  have  employed  acids  and  tin  in  their  at- 
tempts to  fix  this  beautiful  colour.  (See  the 
article  Dyeing.) 

BREAD.  Pain,  Fr.  Brot,  Germ. 

Bread  is  a light  porous  fpungy  fubftance,  pre- 
pared by  fermentation  and  baking  from  the  flour 
of  certain  farinaceous  feeds,  efpecialiy  wheat, 
and  is  the  principal  fuftenance  of  man  in  the 
temperate  regions  of  the  Northern  hemifphere. 

It  is  not  likely  that  the  unprepared  grains  of 
wheat  were  ever  the  habitual  food  of  man ; for 
by  maftication  the  gluten  that  they  contain  coa- 
lefces  into  a tough  elaftic  mafs,  equally  un- 
palatable and  indigeftible.  We  read  however 
of  corn  being  fitted  for  ufe  on  fudden  emer- 
gencies merely  by  parching,  and  this  was  pro- 
bably the  fimplelt  and  earlieft  method  of  con- 
verting it  into  human  food.  The  next  advance 
was  to  pulverize  the  grains  in  a mortar  or  hand 
mill,  to  feparate  the  coarfe  bran  from  the  finer 
particles,  and  by  the  addition  of  water  or  milk 
to  form  thefe  latter  into  a tough  pafte,  which 
being  rolled  into  flat  thin  cakes  was  rendered 
eatable  by  toafting  on  a hot  {tone  or  plate  of 
metal.  The  Romans  in  the  early  period  of  their 
republic,  and  alio  the  Carthaginians,  appear, 
like  the  modern  Italians,  to  have  confumed  their 
corn  pincipally  in  the  ftate  of  polenta  or  furmety, 
in  which  the  wheat  undergoes  no  further  pre- 
paration than  being  boiled  till  the  grains  are 
fwollen  confiderably  and  are  become  tender.  By 
all  thefe  methods  the  mofh  prelfing  objection  to 
the  ufe  of  wheat,  namely,  its  forming  a tough 
glutinous  mafs  during  maftication,  was  com- 
pletely got  rid  of,  the  adion  of  fire  alone,  or  of 
fire  combined  with  water,  producing  the  necef- 
fary  change  in  the  gluten  with  which  this  fpecies 
of  corn  abounds.  Still  however  it  was  deftitute 
of  that  peculiar  lightnefs  and  flavour  which  it 
acquires  when  converted  into  bread,  properly 
fpeaking,  by  a flight  degree  of  fermentation. 

The  flour  of  wheat  is  compofed  of  fecula  or 
ftarch,  and  a gluten  exactly  refembling  in  its 
properties  and  compofition  the  gluten  of  blood, 
together  with  a fmall  proportion  of  faccharine 
mucilage.  When  kept  dry,  and  at  a tempera- 
ture not  exceeding  that  of  boiling  water,  it 
appears  incapable  of  undergoing  any  fpontaneous 
change,  and  continues  in  the  ftate  of  a fine 
impalpable  powder,  but  if  mingled  gradually 
with  a fuflicient  quantity  of  water  to  form  a 
thin  tenacious  pafte,  and  expofed  for  a day  or 
two  to  a warm  air,  the  procefs  of  fpontaneous 
decompofition  begins  to  fliew  itfelf.  The  colour 
of  the  mafs  becomes  yellow,  the  flat  fub-nau- 


feous  fmell  becomes  acidulous  and  fenfibly  pun- 
gent, and  the  bulk  is  fomewhat  increafed,  owing 
to  the  difengagement  of  fmall  bubbles  of  car- 
bonic acid  gas  : thefe  figns  of  fermentation  pre- 
fently  becomes  more  and  more  apparent,  and 
the  pafte  pafies  rapidly  into  the  putrefadive 
ftate,  exhibiting  the  ufual  figns  of  this  fpecies 
of  decompofition,  modified  however  by  the 
acetous  fermentation  which  takes  place  at  the 
fame  time. 

This  change  appears  to  be  certainly  begun 
and  principally  carried  on  by  the  gluten  ; al- 
though the  panary  fermentation , as  it  has  been 
called,  is  fuppofed  by  many  chemifts  to  be  pro- 
duced by  the  contemporaneous  adion  of  three 
diftind  fermentations,  to  which  the  three  ele- 
ments of  wheaten  flour  are  refpedively  fubjed. 
They  imagine  the  vinous  fermentation  to  take 
place  in  the  faccharine  mucilage,  the  acetous  in 
the  ftarch,  and  the  putrefadive  in  the  gluten 
at  the  fame  time,  and  from  the  modification  of 
each  by  the  others,  they  confider  that  peculiar 
adion  to  originate  which  converts  pafte  into 
bread.  Again'ft  this  opinion  however  the  fol- 
lowing objedions  may  be  urged.  In  the  firft: 
place,  the  quantity  of  faccharine  mucilage  is  fo 
extremely  fmall  as  to  produce  no  fenfible  efFed 
on  the  whole  mafs,  and  what  little  there  is 
probably  pafles  immediately  into  the  acetous 
fermentation.  Secondly,  the  temperature  that 
is  required  for  bread-making  is  confiderably 
lower  than  that  at  which  ftarch  diflolves  in 
water,  and  where  this  is  the  cafe  no  alteration 
will  take  place,  even  in  a long  courfe  of  time : 
this  is  clearly  ftiown  by  the  ufual  procefs  of 
ftarch-making,  in  which  the  bruifed  wheat  is 
fermented  for  feveral  days  in  large  vats,  in  order 
to  deftroy  the  gluten,  after  which  the  ftarch  is 
procured  by  fimple  depofition  from  the  wafh- 
ings  of  the  refidue.  So  eflential  is  the  prefence 
of  gluten  to  the  preparation  of  bread,  that  its 
perfedion  is  almoft  exadly  in  proportion  to  the 
quantity  which  it  contains  of  this  ingredient. 
Hence  wheat  yields  the  belt  bread,  becaufe  it 
is  compofed  of  a larger  proportion  of  gluten 
than  any  other  grain,  and  hence  rice,  millet  and 
oats  are  incapable  of  being  converted  into  bread 
becaufe  they  contain  little  or  none  of  it.  In 
further  confirmation  of  this  it  may  be  remarked 
that  if  the  gluten  of  wheat  (procured  by  fimple 
walhing  as  defcribed  under  the  article  Gluten) 
be  incorporated  by  careful  kneading  with  rice- 
flour,  a fermentable  cohefive  pafte  is  thus  pro- 
duced, from  which  perfed  bread  may  be  made 
in  the  ufual  manner.  It  would  be  a curious 
enquiry,  and  one  of  no  fmall  importance  to  the 
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inhabitants  of  the  northern  parts  of  Europe,  to 
afcertain  how  far  the  fimple  farinaceous  leeds, 
and  the  oily  farinaceous  ones  after  exprefiion  of 
their  oil,  are  convertible  into  bread  by  mixture 
with  the  gluten  of  blood. 

If  v/heaten  dough  is  kept  till  fermentation  is 
compleatly  eftablifhed  in  it,  as  will  be  evident 
from  its  yellow  colour  and  its  acefcent  fmell 
and  tafte,  it  will  be  converted  into  leaven  *,  and 
this  leaven,  if  incorporated  with  frelh  dough, 
will  bring  the  whole  into  a fermenting  ftate, 
much  more  fpeedily  and  uniformly  than  if  the 
mafs  was  expofed  to  fpontaneous  decompofition. 

The  difcovery  of  the  advantages  of  mixing  old 
dough  with  new  appears  to  have  been  made 
very  early,  and  the  diftinclion  between  leavened 
and  unleavened  bread  is  noticed  even  in  the 
mod  ancient  hiftorical  records.  Ancient  Greece 
received  from  Egypt  the  important  art  of  making 
bread,  and  tranlmitted  it  to  Rome,  whence  it 
extended  by  degrees  over  the  whole  of  Europe. 
But  though  leavened  bread  is  perfedt  in  every 
other  refpedf,  it  always  retains  a flightly  acidu- 
lous flavour  from  the  leaven  by  which  it  is  fer- 
mented,- for  it  is  impoflible  to  carry  the  fer- 
mentation of  the  gluten  to  a fufficient  extent  to 
change  it  into  leaven,  without  at  the  fame  time 
exciting  the  acid  fermentation  in  the  fugar  of 
the  flour.  It  was  therefore  a very  important 
improvement  in  the  art,  and  one  which  we 
believe  is  attributable  to  the  Englifh  bakers,  to 
fubftitute  yeaft  or  the  froth  of  malt-liquor  in  a 
ftate  of  fermentation,  to  leaven ; for  the  former 
not  only  communicates  no  unpleafant  flavour  to 
bread,  but  is  alfo  a more  fpeedy  ferment,  and 
by  adting  firft  on  the  gluten  of  the  flour  pro- 
duces the  defired  effect  before  any  acid  has  time 
to  be  evolved  from  the  other  ingredients. 

The  procefs  of  making  common  bread  is 
extremely  fimple,  though  its  perfect  fuccefs 
depends  confiderably  on  a kind  of  knack  in 
manipulation,  which  cannot  be  deferibed  by 
words.  It  is  of  elfential  confequence  that  the 
flour  and  yeaft  fhould  be  mixed  together  with 
perfedt  accuracy,  in  order  that  the  whole  mafs 
may  be  equally  fermented,  and  that  this  adtion 
may  commence  in  every  part  at  the  fame  time. 
Now  though  in  the  making  of  a Angle  loaf  this 
may  eafily  be  effedted  at  one  continued  procefs, 
yet  where  a confiderable  quantity  of  bread  is  to 
be  made  at  once,  this  is  impracticable. 

The  bakers  of  Paris  have  the  reputation  of 
being  remarkably  Ikilful  in  their  bufinefs,  we 
(hall  therefore  have  recourfe  to  the  Encyclo- 


pedic a for  an  account  of  the  mod  approved 
practice  of  this  important  art. 

The  ingredients  of  the  beft  bread  are  wheaten 
flour,  water,  yeaft,  and  fait.  150  lbs.  of  flour 
require  about  85  pints  of  water,  3 pints  of  yeaft, 
and  a proportion  of  fait,  which  varies  confider- 
ably according  to  the  fancy  of  the  baker  and 
the  degree  of  drynefs  which  is  to  be  given  to 
the  bread  in  the  oven.  The  manufacture  com- 
mences by  diluting  the  yeaft  with  about  an 
equal  quantity  of  warm  water,  and  then  ftirring 
in  one  pound  of  flour  for  every  pint  of  liquid ; 
the  whole  being  well  incorporated  it  is  put  into 
a wooden  bowl  anfl  fet  in  a warm  pjace  for 
about  feven  hours,  in  order  to  ferment.  At  the 
end  of  this  period  the  mal's  (our  Englifli  bakers 
call  it  the  fponge ) is  put  into  a large  wooden 
trough  and  mixed  with  one-feventh  of  the  whole 
quantity  of  flour,  the  whole  of  the  fait,  and 
with  water  in  the  proportion  of  one  pint  to  two 
pounds  of  flour.  The  dough  is  now  brought 
into  a warm  fituation,  and  allowed  to  remain 
quiet  for  four  hours  that  the  fermentation  may- 
be eftablifhed  throughout  the  whole : the  fait 
fomewhat  retards  the  progrefs  of  this  adlion, 
but  at  the  fame  time  has  the  advantage  of  ren- 
dering it  more  gentle  and  uniform.  The  next 
ftep  is  to  mingle  two-fevenths  of  the  flour  and 
three-fourths  of  its  weight  of  water  with  the 
dough  in  the  fame  manner  as  before,  after 
which  it  is  to  be  allowed  two  hours  to  ferment. 
Now  commences  the  kneading  and  hard  manual 
labour  of  the  procefs,  during  which  the  remain- 
ing four-fevenths  of  the  flour,  and  half  as  many 
pints  of  water  as  there  are  pounds  of  flour  are 
to  be  thoroughly  mingled  with  the  fermented 
dough : at  firft  the  mafs  is  very  adhefive  and 
clings  to  the  fingers,  but  it  becomes  lefs  fo  the 
longer  the  kneading  is  continued ; and  when 
the  fift  on  being  withdrawn  leaves  its  perfect 
impreflion  in  the  dough,  none  of  it  adhering  to 
the  fingers,  this  laborious  part  of  the  bufinefs  is 
completed.  The  dough  is  now  immediately 
divided  by  weight  into  loaf-pieces,  each  of 
which  is  once  more  feparately  kneaded,  and 
then  made  up  into  the  proper  form.  The  loaves 
as  they  are  made  are  placed  on  a wooden  table, 
and  piled  on  each  other  two  tiers  high,  and 
covered  with  a blanket  to  promote  the  laft  rifing 
or  fermentation,  which  foon  commences,  and 
is  judged  to  have  proceeded  fufficiently  far 
when  a penetrating  fomewhat  acidulous  odour 
of  carbonic  acid  is  perceived.  The  oven  is  in 
the  mean  time  heated,  and  when  the  tempera- 
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ture  is  fuch  that  a little  flour  fpread  at  its  mouth 
is  browned  but  not  burnt,  the  loaves  are  de- 
posited within;  the  mouth  is  clofed  up  with  an 
iron  door,  and  at  the  proper  time  (varying 
according  to  the  flze  of  the  loaves)  the  bread  is 
withdrawn,  is  replaced  on  the  table  and  again 
covered  with  a blanket,  in  order  to  cool  as 
flowly  as  poflible ; the  afhes  and  adhering  flour 
are  then  removed  with  a brufh  and  the  bread  is 
ready  for  fale. 

The  changes  produced  upon  dough  by  baking 
are  very  remarkable,  nor  can  they  in  any  degree 
be  attributed  to  evaporation,  fince  the  lot's  of 
weight  never  ought  to  exceed  TV,  and  is  very 
often  not  greater  than  In  the  firft  place 
the  progreis  of  fermentation  is  entirely  flopped  : 
the  bread  may  be  kept  for  Several  days  without 
experiencing  any  alteration,  and  the  firft  fign  of 
Spontaneous  change  is  its  becoming  mouldy. 
Secondly,  the  tenacious  ductility  of  the  dough 
and  its  compact  texture,  are  exchanged  for  a 
moderately  firm  and  Slightly  elaftic  confiftence, 
and  a very  fpungy  texture,  in  confequence  of 
the  alterations  produced  in  the  gluten  by  heat 
and  moifture.  Thirdly,  the  fecula  or  ftarch 
which  was  merely  diffufed  through  the  dough 
without  being  in  any  degree  affedted  by  the 
panary  fermentation , is  combined  during  the 
baking  with  a portion  of  water  into  a ftiff  gelly, 
like  common  ftarch  when  boiled  with  water,  and 
thus  renders  the  bread  confiderably  more  trans- 
parent than  dough,  as  well  as  more  digeftible. 

Rye  and  barley  are  the  only  fubftances  befides 
wheat  that  are  capable  of  being  made  into 
bread,  becaufe  they  alone  contain  gluten  enough 
to  admit  of  being,  formed  into  a moderately 
tenacious  pafte  with  water.  Even  in  thefe  how- 
ever, the  proportion  of  gluten  is  too  Small  to 
afford  light  bread  without  the  ufe  of  an  acid 
ferment  to  difengage  the  proper  quantity  of 
carbonic  acid ; fo  that  they  can  never  for  the 
purpofe  of  the  baker  be  at  all  comparable  to 
wheaten  flour. 

BRECCIA.  Brecht,  Fr. 

This  term  was  firft  we  believe  employed  by 
the  Italian  Statuaries  to  denote  thofe  kinds  of 
marble  which  are  really  or  apparently  compofed 
of  angular  fragments  of  marble  cemented  to- 
gether by  a posterior  infiltration  of  calcareous 
Spar  or  marble.  Some  of  the  French  mine- 
ralogists have  adopted  the  term  and  extended 
its  meaning,  fo  as  to  include  any  Stony  mafs 
compofed  of  angular  fragments  confolidated  by 
a cement.  Hence  they  Subdivide  the  generic 
term  breche  into  calcareous,  magnefian,  Siliceous, 


and  argillaceous,  and  discriminate  it  from  amyg- 
daloid or  poudingue  (from  the  Englifh  pudding- 
Stone)  by  restricting  the  meaning  of  this  latter 
to  Stony  maffes  formed  of  rounded  pebbles  im- 
bedded in  a cement.  Neither  this  term  nor  any 
analogous  to  it  is  admitted  into  the  nomen- 
clature of  the  German  mineralogists. 

BRIMSTONE.  See  Sulphur. 

BRONZE.  See  Copper  alloys  of. 
BRUNSWICK-GREEN.'  Braunfhnveigifde 
grim , Germ.  , 

This  is  a pigment  ufed  by  feme  of  the  German, 
artifts,  and  is  prepared  as  follows.  Take  one 
part  of  muriated  ammonia  and  make  a Saturated 
Solution  of  it  in  cold  water,  put  it  into  a tumb- 
ler, or  any  other  convenient  glafs  veffel,  and 
add  to  it  three  parts  of  copper  clippings ; cover 
the  mouth  of  the  veffel  with  a piece  of  gauze- 
to  keep  out  the  duft,  and  place  it  in  a warm 
Situation,  fo  that  in  a few  days  the  raoifture 
will  be  evaporated.  The  muriat  of  ammonia 
prefently  begins  to  be  decompofed  by  the  copper, 
which  in  its  turn  is  corroded  and  converted  to 
a green  oxyd.  When  the  whole  is  evaporated 
to  drynefs,  digeft  it  in  two  or  three  fucceffive 
portions  of  Spirit  of  wine,  as  long  as  any  green 
oxyd  is  taken  up,  add  the  folutions  together 
and  drive  off  the  liquor  by  a gentle  heat ; the 
refidue  is  a pure  dark-green  fub-muriat  of  cop- 
per, known  in  the  Shops  by  the  name  of  refined 
Brunfwick-green. 

BUTTER.  See  Milk. 

BUTTERS  MINERAL.  A name  given  by 
the  old  chemifts  to  fome  of  the  fublimed  metallic 
muriats,  on  account  of  their  foft  butyraceous 
texture  when  recently  prepared.  There  are 
four  metals  which  afford  mineral  butters,  viz. 
Antimony,  arfenic,  bifmuth,  and  tin,  and  the. 
peculiar  properties  of  each  of  thefe  falts  are 
mentioned  under  the  refpe£tive  metals.  The 
circumstances  in  which  they  all  agree  are  the 
following.  They  are  formed  by  Sublimation ; 
their  confiftence  is  like  that  of  common  butter 
in  warm  weather,  and  a gentle  heat  refolves. 
them  into  a denfe  oily-looking  liquor  *,  they  are 
decompofable  by  being  dropped  into  pure  water, 
a copious  precipitation  of  white  oxyd  taking 
place.  When  the  French  nomenclature  was 
newly  introduced  they  were  called  oxymuriats  : 
but  it  appears  from  later  experiments  that  the 
excels  of  oxygen  which  they  contain  over  the 
common  muriats,  is  combined  not  with  the  acid 
but  with  the  metal. 

BUTTERS  VEGETABLE.  Shell  of  the 
vegetable  expreffed  oils  as  require  a greater  heat 


* Gren.  Syft.  Handb.  iii.p.  334. 
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than  that  of  the  atmofphere  to  preferve  them  in 
a fluid  ftate  have  obtained  the  name  of  vegetable 
butters . Of  thefe  the  beft  known  to  Europeans 
is  the  Palm  Oil,  procured  from  the  fruit  of  the 
Cocos  butyracea.  The  common  Cocoa-nut  alfo, 
and  the  Chocolate-nut,  may  be  made  by  preflure 
to  yield  a fimilar  concrete  oil.  Mr.  Park,  in  his 
travels  in  Africa,  defcribes  another  tree,  called 
by  the  natives  Shea,  from  the  fruit  of  which  a 


very  pure  butter  is  alfo  obtained.  §ee  Oils 
Vegetable  exprcjfed. 

BUTTON.  Korn,  Germ.  Bouton,  Fr. 

The  rounded  mafs  of  metal  which  is  colledhed 
at  the  bottom  of  a crucible  after  fufion,  or  which 
remains  in  the  cupel  after  cupellation,  is  called 
by  this  name.  If  the  button  is  folid,  flightly 
convex  and  fmooth  on  its  upper  furface,  it  is  a 
fign  of  the  procefs  of  reduction  or  cupellation 
having  been  well  performed. 
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CACHOLONG.  See  Chalcedony. 
CALAMINE.  See  Zinc. 

CALCAREOUS  EARTH.  See  Lime. 

CALCAREOUS  SPAR.  See  Limestone. 

CALCINATION.  Calculation,  Fr.  Calciniren 
Verkalchen,  Germ. 

CALX.  Chaux,  Fr.  Kalch,  Germ. 

The  term  calcination  is  derived  from  the  latin 
calx,  which  fignifies  quick-lime,  and  is  applied 
by  the  old  chemifts  to  the  converfion  of  a com- 
paratively denfe  fubftance  into  a light  and  porous 
one,  by  the  action  of  fire.  The  diminifhed 
fpecific  gravity  of  bodies  that  have  undergone 
calcination  was  fuppofed  in  all  cafes  to  prove 
the  volatilization  of  one  or  more  of  their  con- 
ftituent  parts,  and  as  this  was  in  many  inftances 
accompanied  by  combuftion,  the  two  terms 
came  in  fome  meafure  to  be  confounded.  Hence 
in  the  writings  of  Glauber,  Kunkel,  and  even 
Bergman,  we  find  ujhts  ufed  almoft  fynonimoufly 
with  calcinatus.  There  is  however  this  diftinc- 
tion  to  be  noticed  between  them,  that  ujlus 
refers  fimply  to  the  procefs,  while  calcinatus 
refpe&s  alfo  the  refult  of  the  procefs.  Thus 
uftion  may  be  performed  repeatedly  on  the  fame 
fubftance,  producing  more  or  lefs  change  in  it 
each  time,  but  calcination  when  once  brought 
about  is  perfedt,  and  a pure  calx  is  liable,  by 
any  fubfequent  expofure  to  heat,  only  to  be 
vitrefied.  For  example  : if  a bone  is  placed  in 
an  open  fire,  the  oil  foon  begins  to  exude  and 
burns  with  a bright  flame;  when  this  ceafes  the 
refidue  is,  properly  fpeaking,  burnt  bone,  and 
confifts  of  earthy  matter  penetrated  by  charcoal ; 
by  a fecond  expofure  to  fire  the  burnt  bone 
lofes  its  charcoal,  and  nothing  remains  but  the 
white  earth ; it  is  now  in  the  ftate  of  calcined 
bone  or  bone-alh,  becaufe  it  is  incapable  of  any 
further  decompofition  by  Ample  heat.  A calx 
therefore  is  to  a fubftance  burnt  in  an  open  fire, 
what  a caput  mortuum  is  to  a fubftance  that  has 
been  diftilled  ; they  arc  each  the  ultimate  refults 
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of  the  adlion  of  heat  in  open  and  in  clofe  vef- 
fels.  Moft  metals  when  expofed  to  the  joint 
adtion  of  heat  and  air  are  converted  to  a loofe 
powdery  fubftance  which  was  denominated  by 
the  old  chemifts  the  calx  of  the  metal,  but 
which  in  the  modern  nomenclature  is  called  an 
oxyd  : and  becaufe  the  adfion  of  acids,  el'pecially 
the  nitric,  has  a fimilar  effect  on  fome  of  the 
metals  to  that  which  is  produced  by  fire,  the 
term  calcination  when  applied  to  thefe  bodies 
indicated  the  converfion  of  them  into  calces 
either  in  the  moift  or  dry  way.  But  though  the 
old  term,  as  applied  to  metals,  is  fuperfeded  by 
oxidation,  yet  it  may  ftill  very  conveniently  be 
retained  to  exprefs  the  feparation  of  the  fixed 
from  the  volatile  parts  of  bodies  by  means  of  a 
naked  fire.  In  which  fenfe  we  fay  calcined 
bones,  calcined  flints,  calcined  potafh,  calcined 
clay,  &c. 

CALCINED  MERCURY.  Mercurius  cal- 
cinatus.  A common  pharmaceutical  name  for 
the  Ample  red  oxyd  of  mercury.  See  Mercury 
oxyds  of. 

CALCULUS  biliary.  SeeBlLiARYCALCULUS. 

CALCULUS  urinary.  See  Urine. 

CALOMEL.  See  Mercury. 

CALORIC  or  Heat.  Calorique,  Fr.  War- 
mefojf,  Germ. 

The  nature  and  properties  of  heat  afford  a 
moft  extenfive  and  interefting  fubjedf  for  phi- 
lofophical  enquiry,  which  has  been  purfued  with 
fo  much  ardour  and  fuccefs  that  it  would  occupy 
a volume  barely  to  enumerate  all  the  refearches 
to  which  it  has  given  rife  for  the  courfe  of  more 
than  a century  in  many  countries  of  Europe. 
We  muft  therefore  content  ourfelves  with  feledf- 
ing  the  refults  of  a few  only,  and  particularly 
of  thofe  of  later  date,  together  with  a general 
view  of  the  prefent  ftate  of  knowledge  on  this 
fubjedl,  which  the  experience  of  every  year 
fhews  to  be  ftill  imperfedt,  and  ftill  to  promife 
a rich  harveft  of  difeovery  for  future  enquirers. 
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The  fubftitution  of  the  term  caloric  to  that  of 
heat,  has  in  a great  meafure  arifen  out  of  the 
prevailing  idea  of  the  materiality  of  heat,  whence 
it  was  thought  neceffary  to  guard  againft  a con- 
fufion  of  ideas  that  might  arife  from  giving  the 
fame  term  to  the  fenfation  of  warmth  in  the 
animal  body,  and  to  the  caufe  of  that  fenfation. 
But  though  the  term  caloric  is  well  devifed,  it 
does  not  happen  in  faff  that  when  its  nature  is 
underftood,  any  material  inconveience  arifes 
from  this  mixture  of  terms ; and  therefore  in 
compliance  with  common  language  we  fhall  ufe 
indifcriminately  the  appellations  of  heat  or  caloric 
to  imply  that  fuppofed  material  fubftance  which 
poffefi'es  the  power  of  exciting  the  feeling  of 
heat  in  the  animal  body,  together  with  a vaft 
number  of  other  properties,  that  render  it  the 
molt  important  chemical  agent  in  nature. 

The  general  properties  of  caloric  are  the  fol- 
lowing : if  material  (and  the  phenomena  which 
it  exhibits  are  on  the  whole  more  readily  under- 
ltood  by  fuppofing  it  fo)  it  is  a fubftance  of 
extreme  fubtlety  and  tenuity,  entirely  impon- 
derable by  human  inftruments,  derived  imme- 
diately from  the  fun  together  with  light,  and, 
like  light,  obeying  certain  and  fimilar  Jaws  of 
refie£tion  and  refraction,  and  alfo  elicited  by 
combuftion,  by  fri£tion,  and  fome  other  lources: 
when  uncombined,  moving  with  immenfe  ve- 
locity in  every  diredtion,  and  conftantly  tending 
to  an  equilibrium,  penetrating  all  bodies  in 
nature  with  more  or  lefs  facility,  and  thereby 
enlarging  their  dimenfions  without  encreafing 
their  abfolute  weight : when  combined,  probably 
entering  into  chemical  union  with  other  bodies, 
and  thereby  conftituting  the  different  ftates  of 
liquid,  vapour,  or  gas : and  laftly,  when  applied 
fuddenly  to  the  animal  body  occafioning  the 
fenfations  of  warmth,  heat,  or  in  greater  inten- 
fity,  burning. 

The  fimpleft  ftate  of  caloric  that  we  are  ac- 
quainted with  takes  place  when  a heated  body 
is  placed  in  air,  or  any  elaftic  medium  much 
colder  than  itfelf.  The  great  fource  of  heat, 
the  fun,  is  probably  in  this  fituation,  as  likewife 
are  all  heated  bodies,  whether  in  combuftion  or 
not,  fimply  expofed  to  the  atmofphere.  Thus 
fituated,  it  is  found  that  fenfible  heat  is  con- 
ftantly radiating  from  them  in  every  direfHon 
with  immenfe  velocity,  and  with  an  intenfity 
regulated  by  the  nature  of  the  heated  furface, 
and  its  proportional  excefs  of  heat  over  the  fur- 
rounding medium. 

Again,  when  a body  has  been  long  enough 
expoled  to  the  radiations  of  heat  to  have  itfelf 
received  thereby  an  excefs  of  caloric  above  that 


of  the  ambient  air,  it  becomes  a fecondary  radi- 
ating fource,  and  immediately  begins  to  fend 
forth  rays  of  caloric  with  apparently  equal  velo- 
city with  the  .primary  fource,  and  precifely 
obeying  fimilar  laws  of  tranfmiffion.  Thus  a 
veffel  of  water  Handing  near  a hot  fire  firft 
receives  from  it  conftant  rays  of  heat,  the  water 
itfelf  becomes  hot,  and  it  then  begins  to  fend 
off  its  acquired  heat  through  the  air  to  the  fur- 
rounding objects.  Hence  the  conftant  tendency 
to  an  equilibrium  which  radiant  or  fenfible  heat 
poflefles,  fo  that  no  heated  body  can  remain  an 
inftant  in  contact  with  a colder  one  without 
lofing  a portion  of  its  caloric  •,  and  as  the  heat- 
evolving  proceffes  are  going  on  with  unequal 
intenfity  through  every  part  of  the  material 
world,  an  eternal  interchanging  motion  of  caloric 
is  every  where  perpetually  kept  up,  which  ap- 
pears to  be  a grand  agent  in  all  the  phenomena 
of  nature. 

But  on  the  other  hand  there  are  two  circum- 
ftances  which  prevent  or  impede  this  conftant 
tendency  to  equilibrium  which  caloric  poffeffes, 
the  one,  the  extreme  retardation  which  heat  ex- 
periences in  its  paflage  through  folids  and  liquids, 
and  the  confequent  change  in  the  mode  of  its 
propagation  ; and  the  other,  the  intimate  and 
probably  chemical  union  which  takes  place  be- 
tween part  of  the  caloric  and  the  body  that 
receives  it.  Hence  it  is  proper  to  have  an  appro- 
priate term  to  diftinguifh  the  paflage  of  caloric 
through  folids  and  liquids,  from  that  of  radi- 
ation, which  expreffes  its  free  and  inftantaneous 
paflage  through  air  or  an  attenuated  medium. 
If  a rod  of  iron  is  held  with  one  extremity  clofe 
to  a fire,  the  heat  firft  radiates  inftantly  to  the 
neareft  end  of  the  iron,  and  enters  its  fubftance, 
after  which  it  paffes  (not  immediately  as  before 
but  flowly)  through  the  whole  length  of  the  rod 
to  the  moft  diftant  extremity,  fo  that  feveral 
feconds  elapfe  before  the  hand  holding  the  fur- 
ther end  of  the  rod  will  be  fenfible  of  the  paflage 
of  the  heat.  Now,  as  we  {hall  prefently  men- 
tion, it  is  probable  that  heat  radiates  with  the 
fame  velocity  as  light,  that  is  about  200,000 
miles  in  a fecond,  whence  may  be  conceived 
the  immenfe  retardation  of  its  motion  when  it 
takes  feveral  feconds  to  pafs  through  an  iron 
rod  of  a few  inches  only.  Therefore  it  is  pro- 
bable that  the  caloric  enters  into  a kind  of  com- 
bination with  each  particle  of  iron  fucceflively 
in  its  paflage  through,  and  in  this  mode  of  pro- 
pagation it  is  faid  to  be  conduBed.  This  faculty 
alfo  varies  very  confiderably,  according  to  the 
nature  of  the  fubftance  heated;  thus  fome  metals 
conduct  heat  eafier  than  others,  thefe  again 
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■with  more  facility  than  glafs,  glafs  eafier  than 
wood,  wood  eafier  than  charcoal,  and  the  like. 
So  that  in  treating  of  the  fubjecd  of  conducted 
caloric,  the  conducing  power  of  the  medium  mud 
be  taken  into  confideration.  Late  experiments 
have  alfo  {hewn  a peculiarity  in  the  mode  in 
which  heat  paffes  through  liquids,  which  might 
judify  in  them  the  term  conveyed 1 rather  than 
conduced,  but  dill  totally  didineft  from  radiated. 

Ladly,  there  are  feveral  cafes  in  which  caloric 
Conveyed  into  a fubdance,  either  by  being  radi- 
ated or  conducted,  totally  combines  with  it, 
lofing  thereby  the  fenfible  properties  which  it 
before  poffeffed  when  in  a free  date,  not  railing 
the  temperature  of  the  body  with  which  it  is 
united,  and  contributing  to  form  the  dates  of 
liquidity  and  vapour.  The  caloric  which  ice 
receives  from  the  furrounding  bodies  when 
thawing,  enters  into  this  chemical  union  and 
converts  it  into  the  date  of  water.  The  caloric 
is  then  termed  combined , fixed,  or  latent , and 
comparatively  in  different  bodies,  fpecific-caloric, 
and  many  mod  important  enquiries  are  con- 
nected w’ith  this  part  of  the  fubjeCt. 

Therefore  in  invedigating  the  laws  and  pro- 
perties of  heat  it  will  be  convenient  fird  to  fall 
in  with  the  natural  fubdivifions  of  the  fubjedt  as 
relating  to  radiant,  conducted,  and  combined 
caloric. 

Of  Radiant  or  Transmitted  Caloric. 

The  fird  and  mod  magnificent  fource  of 
radiant  heat  is  the  fun,  whofe  'rays  are  per- 
petually tranfmitting  a vad  fupply  of  light  and 
heat  with  immenfe  velocity.  The  connection 
between  light  and  heat  was  long  a fubje£t  of 
much  doubt  and  difficulty,  but  a late  difeovery 
of  Dr.  Herfchel  has  eltabliffied  the  very  im- 
portant fa£t  of  the  feparate  identity  of  thefe 
two  bodies  in  the  folar  ray.  The  well-known 
circumdance  that  the  moon’s  rays,  though  con- 
denfed  by  the  mod  powerful  lens  or  mirror, 
poffefs  no  afcertainable  heating  power,  is  a proof 
of  the  exidence  of  light,  feparate  from  heat, 
but  dill  capable  of  reflection  and  refraction  by 
the  fame  laws  that  regulate  the  motion  of  direct 
folar  rays.  Dr.  Herfchel  b in  his  optical  experi- 
ments on  coloured  glades  was  led  to  examine 
the  difference  between  the  coloured  rays  of  the 
fun,  with  regard  to  their  heating  power.  He 
thereby  difeovered  that  the  mod  refracted  rays 
of  light,  the  violet,  poffefs  the  lorved  heating 
power ; and  the  lead  refracted,  the  red,  the 
greated  power,  and  the  mean  rays  of  the  pril- 
matic  fpectrum  ffiewed  an  intermediate  power. 
Thus,  in  the  red  rays  the  thermometer  (by  the 


average  of  feveral  experiments)  rofe  degrees  •, 
in  the  green  rays,  gt  degrees  •,  and  in  the  violet, 
2 degrees ; or  in  round  numbers,  the  effect  of 
the  red  rays  was  to  that  of  the  green  as  2.25  to 
1,  and  to  that  of  the  violet  as  3.5  to  1. 

Purfuing  thefe  experiments,  the  fame  phi- 
lofopher  found  the  range  of  difperfion  of  the 
rays  of  heat  by  the  pril’m  to  differ  mod  effen- 
tiaily  from  that  of  light ; for  on  applying  ther- 
mometers of  great  fenfibility  fucceffively  in  a 
line,  beginning  at  the  violet  rays  and  proceeding 
along  the  prifmatic  fpeedrum,  he  found  not  only 
that  the  heat  encreafed  by  advancing  towards 
the  red  or  lead  refraeded  rays,  but  that  the  heat 
was  greated  at  a fmall  didance  beyond  the 
extreme  limits  of  the  fpechum,  that  is,  where 
no  rays  of  light  at  all  fell ; and  dill  continuing 
to  advance  the  thermometer  in  the  fame  line, 
the  heat  then  gradually  diminilhed  till  it  became 
too  fmall  to  be  noticed.  This  mod  curious  and 
important  difeovery  fhews  therefore  both  an 
entire  feparation  of  heat  from  light  in  the  folar 
ray,  and  a very  different  degree  of  refrangibility 
of  one  from  the  other,  which  together  go  near 
to  edabliffi  the  feparate  identity  of  caloric  and 
light,  and  caufe  precifely  the  fame  arguments 
ufed  to  demondrate  the  materiality  of  light  to 
apply  to  the  materiality  of  heat. 

Thefe  experiments  of  Dr.  Herfchel  have  been 
fully  confirmed  by  Sir  H.  Englefield,  c whofe 
apparatus  was  fomewhat  different  and  more 
accurate.  The  particulars  are  as  follows : the 
coloured  rays  of  the  fpecirum  were  fucceffively 
and  fingly  thrown  on  a lens  (all  the  others  being 
excluded  by  a fereen)  and  a thermometer  with 
a blackened  ball  was  placed  in  its  focus,  and 
allowed  to  remain  there  fome  time  after  it  had 
ccafed  to  rife,  that  the  full  effecd  might  be  fe- 
cured.  Thus  circumdanced  it  rofe 
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Quite  out  of  vifible  light 
Thefe  experiments  were  repeated  feveral  times, 
and  in  all  with  very  clofely  correfponding  refults, 
and  the  mod  driking  and  novel  phenomenon 
was  manifed  in  all,  namely,  the  rife  of  the 
thermometer  when  paffed  beyond  the  extreme 
point  of  the  luminous  fpeedrum  on  the  red  fide, 
and  its  fall  when  again  carried  back  into  the 
red  light.  It  is  to  be  obferved  that  as  thefe 
experiments  were  made  in  a London  atmof- 
phere,  in  weather  not  uniformly  bright,  the 
numbers  expreffing  the  rife  of  the  thermometer 
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are  only  to  be  confidered  comparatively.  So 
palpable  however  is  the  difference  of  heat  be- 
tween even  the  red  part  of  the  fpeXrum  and  the 
contiguous  dark  fide,  that  on  (hutting  the  eyes 
and  moving  the  hand  through  the  fpeXrum 
parallel  to  the  prifmatic  axis,  a fenfible  encreafe 
of  temperature  will  without  difficulty  guide  it 
to  the  point  of  greateft  heat  beyond  the  red 
fide  of  the  fpeXrum. 

The  rays  of  heat  are  of  a much  more  extenfive 
refrangibility  than  thofe  of  light.  This  is  im- 
mediately fhewn  by  the  circumflance  that  in 
the  folar  prifmatic  fpeXrum  there  are  no  rays 
that  do  not  heat,  whereas  the  rays  of  light  fall 
far  fhort  of  the  extreme  point  of  the  calorific 
rays,  and  even,  as  juft  mentioned,  fall  ffiort  of 
the  higheft  heating  point.  Dr.  Herfchel  efti- 
mates  the  bafe  of  the  fpeXrum  of  heat  to  be  to 
that  of  the  fpeXrum  of  light  as  about  5^  to  3, 
but  the  degree  of  difperfion  of  the  heat-making 
rays  differs  fo  entirely  from  that  of  the  rays  of 
light,  that  neither  do  the  mean  nor  the  higheft 
points  of  refrangibility  agree,  nor  is  there  any 
obvious  relation  between  the  area  of  heat  and 
that  of  illumination. 

Radiant  caloric  appears  to  poffefs  the  fame 
properties,  and  to  be  propagated  according  to 
the  fame  laws  whether  tranfmitted  from  the  fun 
or  from  any  other  heated  body,  and  whether  or 
not  it  be  accompanied  by  light.  Thus  the  heat 
radiating  from  boiling  water  is  reflected,  re- 
fracted, and  otherwife  propelled  precifely  in  the 
fame  manner  as  folar  heat.  The  following  im- 
portant properties  the  rays  of  heat  poffefs  in 
common  with  thofe  of  light.  d 

They  "are  fubjeX  to  the  laws  of  reflection. 

They  are  fubjeX  to  the  Rws  of  refraction. 

They  are  of  different  refrangibility. 

They  are  liable  to  be  flopped  in  certain  pro- 
portions when  tranfmitted  through  diaphanous 
bodies. 

They  are  liable  to  be  fcattered  on  rough  fur- 
faces. 

Some  of  thefe  properties  require  further  illus- 
tration. 

The  concentration  of  heat  produced  by  the 
reflection  of  the  fun’s  rays  from  a concave  mirror 
is  too  well  known  to  need  further  defeription. 
It  proves  fatisfaXorily  that  heat  when  in  con- 
junXion  with  light,  is,  like  light,  capable  of 
being  reflected.  The  rays  proceeding  from  a 
candle,  ignited  iron,  and  any  other  fubftance  in 
luminous  combuftion  are  alfo  well  known  to  be 
capable  of  being  reflected  and  concentrated 
into  a focus  by  a mirror,  But  it  is  only  com- 
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paratively  of  modern  date  that  the  invifible  rays 
of  heat  have  been  found  to  obey  the  fame  law 
of  reflection,  from  whatever  heated  body  the 
radiations  proceed.  The  refleXion  of  invifible 
folar  heat  was  afeertained  by  Dr.  Herfchel,  by 
prefenting  to  a plain  mirror  the  part  of  the  folar 
prifmatic  fpeXrum  where  the  heat  was  the  great- 
eft  (that  is  beyond  the  extremity  of  the  luminous 
fpeXrum  on  the  red  fide)  and  with  proper  pre- 
cautions caufing  the  refleXed  rays  of  heat  to 
fall  on  a thermometer.  By  this,  in  ten  minutes, 
four  degrees  encreafe  of  heat  was  indicated, 
whilft  another  very  delicate  thermometer  by  the 
fide  of  the  firft,  but  juft  out  of  the  line  of  re- 
flexion, remained  all  the  time  quite  ftationary. 
Hence  the  refleXion  of  the  invifible  folar  rays  is 
proved. 

But  it  was  from  experiments  with  culinary 
or  artificial  fire,  that  this  moft  curious  property, 
of  the  refleXion  of  radiant  heat  was  firft  afeer- 
tained. The  following  interefting  experiments 
were  made  by  M.  PiXet,  on  a plan  fuggefted 
by  M.  de  Sauffure,  who  appears  to  have  derived 
the  firft  knowledge  of  the  faX  from  M.  Lamberts 
M.  PiXet e placed  two  concave  tin  mirrors 
oppofite  each  other  at  a diftance  of  12  feet 
afunder.  In  the  focus  of  one  of  the  mirrors 
the  bulb  of  a fenfible  thermometer  was  placed, 
and  in  the  focus  of  the  other  was  put  the  heated 
body  which  was  the  fubjeX  of  experiment.  By 
this  ingenious  arrangement  a large  portion  of 
the  radiant  caloric  proceeding  from  the  heated 
body,  if  it  followed  the  known  laws  of  catop- 
trics, would  firft  be  thrown  upon  the  mirror 
in  whofe  focus  it  was  placed,  thence  would  be 
refleXed  in  parallel  rays  to  the  furface  of  the 
oppofite  mirror,  and  from  this  would  be  con- 
centrated into  its  focus  where  the  thermometer 
ball  was  placed.  This  arrangement  was  well 
calculated  to  render  fenfible  the  effeX  of  a 
heated  body  of  very  fmall  dimenfions.  On  put- 
ting an  iron  bullet  heated  below  rednefs  into 
one  focus,  the  thermometer  in  the  other  rofe 
ic.5  degrees  (of  Reaumur)  in  fix  minutes,  be- 
ginning its  rife  the  inftant  the  ball  was  in  its 
piace.  A lighted  taper  ufed  inftead  of  the  ball 
had  nearly  the  fame  effeX.  But  to  take  away 
all  poffibility  of  the  interference  of  light,  a glai's 
matrafs  full  of  boiling  water  was  now  fub- 
ftituted,  and  in  two  minutes  the  thermometer 
rofe  3-g-  degrees  of  the  fame  feale.  When  the 
bulb  of  the  thermometer  was  blackened,  the 
effeX  was  proportionally  greater.  The  rife 
begins  the  very  inftant  that  the  heated  body  is 
put  in  its  place.  The  diftance  of  69.  feet  pro- 
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duced  no  afcertainable  interval  of  time  between 
the  caufe  and  effeCt,  which  is  not  furprifing, 
fince  it  is  highly  probable  that  the  motion  of 
calorific  rays  is  full  as  rapid  as  thole  of  light. 

Thefe  molt  beautiful  experiments,  with  many 
others  on  the  propagation  of  heat,  have  been 
repeated  with  various  modifications  by  Mr. 
I.ellie, f with  an  apparatus  of  equal  fimplicity 
and  elegance,  and  with  thermometers  of  a 
peculiar  conltruCtion  and  admirable  fenfibility. 

The  important  difcoveries  contained  in  this 
interefting  refearch  make  it  neceffary  to  extend 
the  fubjeCt  of  the  propagation  of  radiant  heat  to 
the  confideration  of  the  power  or  aptitude  of 
(comparatively)  hot  bodies  to  propel  or  dif- 
charge  heat  in  a radiant  form  from  their  fur- 
faces,  and  of  (comparatively)  cold  bodies  to 
receive  and  abforb  caloric  radiating  to  their  fur- 
faces.  In  the  former  cafe  caloric  paffes  out  of 
a combined  to  a radiated  ftate ; in  the  latter, 
the  contrary  takes  place.  The  beautiful  experi- 
ments which  we  are  about  to  relate  Ihew  a very 
uniform  agreement  between  thefe  two  contrary 
powers,  and  prove  that  the  power  of  abforbing 
radiant  heat  poffefl'ed  by  different  bodies  or  fur- 
faces  of  bodies,  is  exactly  equivalent  to  their 
power  of  tranfmitting  heat  in  a radiant  form. 

The  apparatus  ufed  by  Mr.  Lellie  was  die 
following.  A thermometer  with  a double  bulb, 
conltruCted  in  fuch  a manner  that  a rife  or  fall 
on  the  fcale  would  take  place  only  when  the 
indicative  bulb  was  expofed  to  a higher  or  lower 
temperature  than  the  other  bulb,  or  than  the 
furrounding  air.  This  the  inventor  terms  a 
Differential  Thermometer,  and  its  con- 
ltruCtion will  be  explained  under  that  article. 
The  peculiar  advantage  which  it  poffeffes,  befides 
its  extreme  fenfibility,  is,  that  in  ufing  it  the 
common  temperature  of  the  furrounding  air 
may  in  general  be  difregarded,  this  being  always 
the  zero  of  the  fcale,  whatever  be  the  aCtual 
variation  of  heat  in  the  furrounding  atmofphere  : 
and  hence  a much  greater  fimplicity  is  intro- 
duced in  thefe  delicate  refearches.  For  the 
reflection  of  heat,  mirrors  were  employed,  ge- 
nerally of  block-tin,  highly  polilhed,  and  ham- 
mered to  fit  a wooden  gage,  the  fegment  of 
a parabolic  curve,  whereby  much  of  the  dif- 
perfion  produced  by  a fimple  concave  form  was 
avoided,  fo  that  when  expofed  to  the  direCt  rays 
of  the  fun  they  collected  them  into  a pretty 
diftinCt  focus  of  about  half  an  inch  in  diameter. 
The  fubltance  employed  to  generate  the  radiant 
heat  was  a hollow  cubic  tin  canilter,  whofe 
Itation  was  directly  in  front  of  the  mirror  of 


its  focal  point,  and  when  ufed,  was  filled  with 
boiling  water,  and  fitted  with  a common  ther- 
mometer palling  through  a hole  in  the  cover  and 
immerfed  in  the  water.  The  cubical  form  of 
the  canilter  allowed  of  four  fides  of  perfeCUy 
equal  dimenfions,  each  of  which,  when  turned 
to  the  mirror,  afforded  a heated  furface  for  the 
tranfmiffion  of  radiant  caloric,  and  they  were 
occafionally  coated  with  various  fubltances  to 
afcertain  the  effeCt  of  colour,  polilh,  and  the 
like,  in  retarding  or  promoting  the  radiation  of 
the  heat  within. 

Some  of  the  principal  experiments  we  lhal! 
relate. 

The  bulb  of  the  thermometer  being  in  the 
focus  of  the  mirror,  if  the  canilter  is  filled  with 
boiling  water  and  fet  oppofite  to  the  mirror, 
generally  at  the  dillance  of  three  feet,  the  liquor 
of  the  thermometer  begins  to  rife  immediately, 
and  in  a few  minutes  has  attained  its  greateft 
point  of  elevation,  after  which  it  llowly  finks  as 
the  water  cools,  till  at  laft  it  returns,  in  perhaps 
about  two  hours,  to  the  Itandard  of  the  atmof- 
phere, at  which  point,  whatever  be  the  aCtual 
temperature,  the  differential  thermometer  re- 
mains at  the  zero  of  the  fcale.  This  experiment, 
like  that  of  M.  PiCtet  as  above  related,  Ihews 
the  fimple  reflection  of  caloric  radiating  from 
the  furface  of  the  heated  canilter.  With  a fix- 
inch  canilter,  three  feet  from  the  mirror,  the 
total  rife  of  the  differential  thermometer  was 
about  equivalent  to  14.50  degrees  of  Fahrenheit. 
Mr.  Lellie  alfo  found  that  in  all  cafes  the  full 
effeCt  of  the  radiant  heat  on  his  thermometer 
was  exaCtly  proportioned  to  the  heat  of  the 
canilter  above  that  of  the  room.  Thus  if  the 
water  in  the  canilter  is  at  200°  and  the  room  at 
6o°  (making  a difference  of  140),  and  the  full 
rife  on  the  differential  thermometer  amounts  to 
84  degrees  of  any  fcale,  a difference  of  100 
degrees  will  caufe  a rife  of  60°  in  the  fame 
thermometer,  for  140  is  to  84  as  100  to  60. 

The  effeCt  of  altering  the  furface  of  the  heated 
body  whence  the  radiations,  of  heat  originate, 
is  Ihewn  in  a very  Itriking  manner  by  the  fol- 
lowing experiments.  Of  the  four  equal  fides 
of  the  cubic  tin  canilter,  one  was  covered  with 
lamp-black,  a fecond  with  writing  paper,  a 
third  with  glafs  cemented  on  by  pitch,  and 
the  fourth  left  unaltered.  The  canilter  being 
filled  with  boiling  water,  and  each  fide  being 
turned  fucceffively  to  the  mirror,  the  effeCts 
were  furprifingly  different.  The  firlt  cr  black- 
ened fide  raifed  the  thermometer  ico°  (of  an. 
arbitrary  fcale);  the  fecond  or  papered  fide. 
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about  98*;  the  "third,  or  glazed,  gave  90°;  but 
the  poliflied  tin  fide  gave  only  120.  From  this 
curious  experiment  it  appears  that  a poliflied 
metallic  furface  has  no  more  than  about  an 
eighth  part  of  the  power  of  propelling  heat 
pofTeffed  by  a foft  unpolifhed  furface. 

To  fhew  that  this  difference  of  the  tranf- 
mitting  or  propelling  power  was  correlative  with 
that  of  the  receptive  power,  as  abovementioned 
to  be  the  cafe,  the  bulb  of  the  thermometer 
was  now  coated  with  tinfoil  preffed  fmoothly 
down,  fo  as  to  imitate  very  exactly  the  poliflied 
furface  of  the  canifter.  The  blackened  furface 
of  the  canifter  being  now  prefented  to  the  mir- 
ror (which  produced  an  effect  of  100  degrees 
on  the  plain  bulb  of  the  thermometer)  now 
raifed  it  only  2o®  ; and  when  the  plain  furface 
of  the  canifter  was  prefented  (which  before  had 
given  12°)  it  now  gave  only  about  2.50. 

The  inference  from  thefe  experiments  is, 
firft,  that  the  propelling  and  abforbing  powers 
of  furfaces  relatively  to  radiant  caloric  are  always 
in  the  fame  proportion,  and  that  this  power  is 
many  times  lefs  in  bright  metallic  furfaces,  than 
even  in  glafs,  and  ftill  more  in  foft  unpolifhed 
furfaces  l'uch  as  black  paint  or  paper. 

The  power  of  abforbing,  and  of  propelling  or 
tranfmitting  heat,  being  coexiftent  and  correla- 
tive in  the  fame  fubftance,  they  muft  both  be 
in  dire 61:  oppofition  to  that  of  reflecting  heat, 
the  furfaces  which  the  moft  oppofe  the  reception 
and  propulfion  of  heat  being  thofe  which  refledl 
it  the  moft  powerfully.  The  experiments  juft 
related  fhew  that  the  poliflied  metallic  furface 
of  the  canifter  with  difficulty  tranfmits  caloric, 
and  that  the  metallic  coating  of  the  thermometer 
bulb  prevents  its  abforption  of  heat ; the  fol- 
lowing experiments  fhew  how  much  fuperior 
power  of  reflecting  heat  is  pofTeffed  by  a metallic 
over  a glazed  or  any  other  furface. 

I11  the  place  of  the  tin  refledlor  (of  the  appa- 
ratus before  deferibed)  fubftitute  a concave  glafs 
mirror,  and  put  the  naked  thermometer-bulb  in 
its  focus  as  before ; then  fill  the  canifter  with 
boiling  water  and  prefent  the  blackened  fide. 
The  effedl  will  now  be  very  fmall,  but  deter- 
minate. Rub  off  the  filvering  from  the  back  of 
the  mirror,  and  the  effect  remains  the  fame. 
Roughen  the  back  by  grinding  with  emery,  the 
fame  effedl  is  produced.  Cover  the  anterior 
furface  of  the  mirror  with  Indian  ink,  and  all 
effedl  on  the  thermometer  ceafes.  Cover  the 
face  of  the  mirror  with  tinfoil,  and  the  rife  of 
the  thermometer  will  pow  be  ten  times  as  much 
as  with  the  fmooth  furface  of  glafs.  The  fame 
difference  between  the  refledting  power  of  glafs 


and  that  of  metal  had  been  obferved  by  M. 
Pidlet,  who  ingenioufiy  fuppofes  that  the  radiant 
heat  firft  penetrates  the  anterior  or  glafs  furface 
of  the  mirror,  and  proceeds  (much  obftrudled) 
to  the  metallic  coating  on  the  back,  from  which 
it  is  refledled  and  pafles  back  out  of  the  anterior 
furface  into  the  atmofphere.  Hence  the  great 
lofs  of  heat  is  accounted  for  by  its  double  paf- 
fage  through  the  entire  thicknefs  of  glafs.  But 
the  circumftance  that  the  refledling  power  con- 
tinues juft  the  fame  with  or  without  the  filver- 
ing of  the  mirror  at  the  back  deftroys  this  hypo- 
thefis,  and  hence  the  explanation  will  be,  that 
glafs  being  a better  abforber  of  radiant  caloric 
than  poliflied  metal,  takes  in  the  greater  part, 
and  refledls  only  a fmall  portion  from  the  fur- 
face, againft  which  the  radiant  heat  firft  ftrikes. 
Hence  too  by  covering  the  glafs  with  a foft 
coating  of  black  ink,  the  abforbing  power  is 
ftill  more  encreafed,  and  cotifequently  the  re- 
fledting  power  proportionably  diminiffied. 

No  delicacy  of  experiment  is  required  to  fhew 
in  a general  way  the  vail  fuperiority  of  metal 
over  glafs  in  refledling  heat.  Thus  if  the  com- 
moneil  tin  refledlor,  at  all  approaching  to  a 
concave  or  parabolic  form,  be  held  feveral  feet 
from  a large  fire,  and  the  finger  put  in  the 
focus,  a very  confiderable  warmth  will  be  per- 
ceived; whereas  the  beft  glafs  mirror  of  the 
fame  dimenfions  and  at  the  fame  diilance,  will 
hardly  colledt  in  its  focus  heat  enough  to  be 
felt. 

The  following  fcale  of  effect  produced  by  the 
above  apparatus  of  Mr.  Leflie,  will  ferve  to  give 
a clear  idea  of  the  fubjedt.  Oppofe  the  bright 
fide  of  the  tin  canifter  filled  with  hot  water  to 
a glafs  mirror,  and  coat  tire  thermometer -bulb 
with  tinfoil.  Here  the  canifter,  the  mirror,  and 
the  bulb  are  all  in  the  moft  unfavourable  cir- 
cumftances  for  the  tranfmiffion,  refledtion,  and 
dbforption  of  radiant  caloric.  The  rife  of  the 
thermometer  will  be  very  fmall,  call  it  equiva- 
lent to  1 degree.  Then  cover  the  face  of  the 
glafs  mirror  with  tin-foil,  which  will  have  the 
fame  effedl  as  fubftituting  a metallic  mirror,  and 
this  reflexion  will  be  fo  much  encreafed  that 
the  thermometer  will  rife  to  io°.  Then  take  off 
the  tinfoil  from  the  bulb,  whereby  its  abforbing 
power  will  be  encreafed,  and  it  will  rife  to  50°. 
Laftly,  prefent  the  blackened  fide  of  the  canif- 
ter, which  tranfmits  caloric  with  the  moft  eafe, 
and  the  full  effedl  will  now  be  400°,  as  every 
circumftance  is  now  the  moft  favourable  to  the 
tranfmiffion  and  reflection  of  heat. 

For  experiments  where  great  nicety  is  not 
required,  as  poliflied  metallic  fpecula  are 
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expenfive,  and  even  hammered  tin  refledtors  not 
very  eafily  procurable,  a refledtor  caft  of  Paris 
plafter  and  gilt  on  its  anterior  furface s will 
anfwer  very  well,  and  the  refledtion  of  heat  from 
this  cheap  inftrument  will  Rill  be  much  greater 
than  from  any  glafs  mirror  of  equal  dimenfions. 

The  above  experiment  of  Mr.  Leflie  {hew 
therefore  a correl'pondence  between  the  power 
of  propelling  and  abforbing  heat:  a continuation 
of  the  fame  refearches  throw  further  light  on 
the  curious  queftion  how  far  the  propulfion  of 
heat  is  affedted  by  the  nature  and  condition  of 
the  propellent  furface.  A few  only  of  many 
experiments  can  here  be  related.  With  the 
apparatus  of  the  canifter  and  mirror  above  de- 
fcribed,  the  effe£t  of  the  plain  tin  fide  in  pro- 
pelling caloric  is  equivalent  to  12  degrees  of  the 
differential  thermometer  when  that  of  the  black- 
ened fide  (affumed  as  a ftandard)  is  ioo°.  The 
tin  being  rubbed  with  mercury  fo  as  to  be 
of  a dull  white,  gave  140,  but  being  foaked 
with  mercury  fo  as  to  form  almoft  a refplendent 
coating  of  this  metal,  gave  20°.  Hence  we 
may  infer  that  the  propellent  power  of  mercury 
is  about  double  that  of  tin. 

The  effedt  of  the  fuccefiive  degrees  of  oxy- 
dation  of  the  fame  metal  is  ftriking.  A clean 
rough  furface  of  lead  produces  190  of  the  ther- 
mometer ; the  fame,  tarnifhed  with  a grey  cruft 
by  expofure  to  air,  gives  450 ; a coating  of 
minium  gives  8o° ; fealing-wax  and  rofin  each 
gives  about  950. 

The  degree  of  polifh  or  evennefs  of  furface 
alfo  much  influences  its  power  of  propelling 
caloric,  which  encreafes  in  proportion  as  the 
furface  is  roughened.  Thus  the  effedt  of  fmooth 
hammered  tin  being  always  120,  when  fcraped 
to  a bright  but  irregular  furface  it  amounts  to 
1 6°  ; when  ploughed  by  a fmall-toothcd  plane- 
iron,  with  intervals  of  7'o  of  an  inch  between 
the  teeth,  the  effedt  rifes  to  19°-,  when  tho- 
roughly filed  over  the  whole  furface  it  amounts 
to  26°.  Thus  if  fmooth  tinfoil  gives  120,  the 
fame  rubbed  in  one  direction  with  fand-paper 
gives  22°.  But  if  the  fcratches  are  much  mul- 
tiplied, an  approach  to  fmooth  polifh  is  made, 
and  the  effedt  is  again  diminilhed. 

The  thicknefs  of  the  propellent  furface,  or 
more  accurately  the  thicknefs  of  a ftratum  of 
matter  applied  to  a heated  furface  and  of  a dif- 
ferent nature  from  it,  alfo  in  fome  cafes  con- 
fulerably  modifies  the  propellent  power. 

A fmall  portion  of  liquefied  jelly  fpread  on  a 
fmooth  furface  of  the  tin  canifter,  and  dried  to 
a very  fine  iridefcent  pellicle,  gave  38°  (the 
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effedt  of  the  unfmeared  tin  being  always  12°) ; 
a pellicle  of  four  times  the  thicknefs  gave  540; 
a thick  layer  of  ifingiafs  gave  about  8o°.  This 
encreafe  however  has  its  limits,  for  after  the 
thicknefs  amounts  to  the  thoufandth  part  of  an 
inch,  the  propellent  power  is  not  encreafed  by 
any  fubfequent  additions.  This  rule  does  not 
apply  however  to  any  metallic  coating  applied 
to  glafs  or  other  metal.  The  effedt  in  this  in- 
ftance  is  purely  that  of  the  metal  at  the  furface, 
and  is  not  at  all  modified  by  the  thicknefs.  Thus 
tinfoil  applied  to  glafs  appears  to  have  the  fame 
propellent  poyver  as  a folid  plate  of  tin  whole 
furface  has  the  fame  denfity,  fmoothnef?,  and 
polifh  as  die  foil,  and  a Angle-  thicknefs  of  gold 
leaf  produces  the  fame  effedt  as  any  number  of 
leaves. 

The  colour  of  the  heated  furface  appears  to 
modify  in  fome  degree  its  receptive  and  pro- 
pulfive  power  with  regard  to  caloric.  Thus 
black  feems  to  have  thefe  powers  in  the  higheft 
degree,  the  higheft  effect  in  the  above  experi- 
ments being  produced  by  a coating  of  fize  and 
lamp-black,  but  as  the  nature  of  pigments  varies 
extremely,  fome  being  Amply  vegetable  matter, 
and  many  of  diem  metallic  oxyds,  it  is  difficult 
to  obtain  any  accurate  refults  on  this  fubjedt. 
Thus,  white  paper  produces  nearly  the  fame 
effedt  as  lamp-black,  and  ftained  paper  nearly 
the  fame  as  white. 

The  modifications  of  the  propulfive  and  ab~ 
forbent  power  according  to  the  nature,  texture, 
and  ftate  of  the  furface  of  the  propelling,  or 
the  abforbing  body,  are  beautifully  illuftrated  by 
extending  the  fame  experiments  to  the  reflection 
of  caloric.  Here,  as  already  mentioned,  die 
range  of  the  above  effedts  will  be  entirely  re- 
verted, as  the  furfaces  that  propel  and  abforb 
heat  the  moft  readily  are  thofe  which  refledt  it 
with  the  greateft  difficulty,  and  vice  verfa. 

The  refledfive  power  of  different  metals  might 
be  afeertained  by  caufing  refledfors  of  equal 
dimenfions  to  be  made  of  the  refpedtive  metals, 
but  as  this  method  would  be  difficult  and  ex- 
penfive, Mr:  Leflie  ingenioufly  took  advantage 
of  the  fecondary  refledtion  produced  by  placing 
ta  circular  flat  plate  or  difle  of  the  metal  to  be 
examined,  parallel  to  the  face  of  the  tin  refledtor, 
and  nearer  than  the  proper  focus.  This  by  the 
laws  of  catoptrics  (which  apply  equally  to  the 
propagation  of.  heat)  will  produce  a fecondary 
refledtion  from  the  difk,  whofe  focus  will  be 
fituated  as  much  before  it  as  the  focal  point  of 
the  refledtor  is  behind  it.  Under  thefe  circum- 
ftanecs  the  thermometer,  whofe  bulb  was  placed. 
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■exactly  in  the  fecondary  focus,  was  raifed  in 
the  following  degree  by  difks  of  different  metals 
returning  the  reflected  heat  of  the  canifter,  viz. 
brafs  xoo°;  fdver  90°-,  tinfoil  85°;  fteel  70°; 
lead  6o° ; tinfoil  made  bright  by  the  affufion  of 
mercury  50°.  A difk  of  glafs  produced  only 
io°,  and  coated  with  wax,  only  50. 

Roughening  the  tin  furface  of  the  canifter 
was  found  in  the  former  experiments  to  encreofe 
the  propelling  power : hence  the  fame  operation 
performed  on  a mirror  lined  with  tinfoil  dimini/hed 
the  reflecting  power  to  nearly  one-tenth  of  its 
former  intensity. 

A tin  refledor  coated  with  a pretty  thick  layer 
of  tallow  had  its  reflecting  power  reduced  from 
ioo°  to  8°,  but  again  encreafed  to  about  40° 
when  molt  of  the  tallow  was  melted  off. 

Tin  refleCtors  were  coated  with  ifinglafs  by 
pouring  a little  of  the  liquefied  jelly  into  the 
hollow  of  the  mirror,  and  turning  it  round  con- 
ftantly  till  the  whole  furface  appeared  to  be 
uniformly  coated  with  it,  which  dried  into  a 
fmooth  and  nearly  tranfparent  membrane.  The 
reflecting  power  was  immediately  reduced  by 
the  wet  jelly  from  ioo°  (the  power  of  the  clean 
refleCtor)  to  310,  but  as  the  coat  of  jelly  gra- 
dually dried,  the  power  again  encreafed  gradually 
to  about  7 2°.  This  {hews  very  ftrikingly  the 
effeCt  of  the  thicknefs  of  the  ftratum,  fince  in 
drying,  it  mull  gradually  have  fhrunk,  till  at  laft 
it  became  only  a fine  film  of  membrane.  An 
encreafed  quantity  of  jelly  aifo  diminiihed  the 
reflecting  power,  but  the  exaCt  law  of  dimi- 
nution is  not  eafily  afcertainable. 

As  in  the  cafe  of  propelled  caloric,  a metallic 
coating,  however  thin,  produced  the  fame  effect 
on  the  refleCtor  as  if  it  had  been  entirely  made 
of  the  covering  metal ; fo  when  the  bulb  of 
the  thermometer  was  coated  with  a Angle  thick- 
nefs of  gold-leaf,  its  abforbing  power  was  fo 
much  lefi'ened  as  to  produce  no  more  than  about 
a fifth  of  its  natural  effeCt. 

It  has  been  mentioned  that  when  radiant 
heat,  from  whatever  fource  derived,  is  obftruCted 
in  its  paffage  by  any  folid  body,  the  portion 
which  is  not  reflected  from  its  furface  enters  its 
fubftance,  combines  with  it,  and  then  aflumes 
a new  form  •,  fo  that  the  pulfatory  energy  which 
it  received  from  the  propellent  furface  is  totally 
ioft  by  this  combination.  In  other  words,  the 
caloric  is  not  propelled  through  a folid  body,  but 
unites  with  it  in  a different  mode,  and  raifes  its 
temperature,  till  the  folid  fubftance  becomes  a 
new  and  fecondary  or  derivative  fource  of  calo- 
rific radiations,  which  are  again  propelled  from 
its  furface,  not  according  to  the  original  pro- 


pellent force,  blit  according  to  that  which  be- 
longs to  the  nature  and  condition  of  the  furface 
of  the  fecondary  heated  body. 

This  is  alfo  illuftrated  by  very  curious  experi- 
ments taken  from  the  fame  author.  Some  of 
them  are  the  following : 

Place  the  frame  of  a fcreen  between  the  can- 
ifter and  the  mirror  (in  the  apparatus  all  along 
defcribed),  over  which  ftretch  any  fubftance  to 
be  the  fubjedb  of  the  experiment.  The  fcreen 
fhould  be  large  enough  totally  to  intercept  all 
communication  of  heat  between  the  canifter 
and  the  mirror.  When  a thin  {heet  of  tinfoil 
is  the  fcreen,  the  radiant  heat  from  the  canifter 
is  fo  compleatly  intercepted  that  no  fenlible 
eftedb  is  produced  on  the  thermometer  bulb 
beyond  it  in  the  focus  of  the  mirror. 

Subftitute  a pane  of  glafs  to  the  tinfoil,  and 
the  effedb  produced  on  the  thermometer  will 
now  be  about  20°,  the  full  effedt  without  the 
enclofed  fcreen  being  ioo°. 

Glafs  is  permeated  by  light,  which  fuffers 
however  a certain  diminution  or  abforption  in 
its  paffage.  But  this  diminution  is  proportionally 
the  fame  whether  the  light  is  in  a diffufed  or 
condenfed  ftate,  and  therefore  is  the  fame 
whether,  in  the  above  apparatus,  the  glafs  fcreen 
be  more  or  lefs  near  to  the  radiating  fource. 
Not  fo  with  heat,  for  the  rife  of  the  thermometer 
is  the  greateft  when  the  glafs  fcreen  is  clofe  to 
the  canifter  (not  actually  touching  it)  and  di- 
minifhes  in  proportion  as  the  fcreen  is  advanced 
towards  the  mirror.  Hence  it  follows  that  the 
propagation  of  heat  through  glafs  is  made  in  a 
different  mode  from  that  of  light. 

Caufe  two  fheets  of  tin  to  be  painted  black 
on  one  fide  only,  and  put  them  in  clofe  contadt 
with  their  bright  fides  outermoft.  No  fenfible 
effect  will  now  be  produced  in  the  bulb  of  the 
thermometer.  Invert  the  tin  plates  fo  that  the 
painted  fides  are  outermoft,  and  an  effect  of 
230  will  follow.  Remove  one  of  the  plates,' 
and  the  thermometer  will  {hew  40. 

This  experiment  well  illuftrates  the  nature  of 
the  propellent  and  abforbing  powers  of  furfaces 
already  defcribed,  fince  the  fubftance  of  the 
fcreens  is  exactly  the  fame,  and  only  their  rela- 
tive pofition  altered : and  it  is  clear  that  the 
radiations  only  affedl  the  furfaces  of  bodies, 
fince  when  the  fcreens  are  in  clofe  contadl,  the 
inner  and  touching  furfaces  of  each  produce  no 
fenfible  alteration  on  the  propulfive  power,  but 
communicate  their  heat  by  the  conducing 
power.  When  one  plate  is  removed,  though 
the  adtual  thicknefs  of  the  fcreen  is  diminiihed 
one-haif,  one  of  the  furfaces  is  now  metallic, 
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and  confequently  propels  calcuc  with  much 
lefs  force  than  when  both  outer  furfaces  were 
painted. 

Place  each  half-blackened  tin  fcreen  on  fepa- 
rate  frames ; join  them  together,  and  the  effedt 
on  the  thermometer  will  be  230;  put  them  two 
inches  afunder,  and  the  effe£i  will  not  be  per- 
ceptible. The  fcreen  the  furtheft  from  the 
canifter  in  this  cafe  only  receives  a doubly  deri- 
vative caloric  (being  propelled  from  the  firft 
fcreen,  which  is  itfelf  a fecondary  fource)  which 
is  fo  much  enfeebled  in  its  paflage  as  to  be 
imperceptible  by  the  thermometer. 

From  a number  of  experiments  it  is  obvious 
that  heat  radiates  from  the  furface  of  the  pro- 
pellent body,  like  light,  not  only  in  perpen- 
dicular but  in  divergent  lines.  It  becomes  a 
quellion  whether  the  radiating  or  propulfive 
energy  is  at  all  modified  by  the  direction  which 
it  takes  from  the  propellent  furface.  Mr.  Leflie 
found  that  the  effeft  of  a heated  cubic  canifter 
was  the  greateft,  when  the  radiating  fide  was 
exactly  parallel  to  the  mirror,  and  decreafed 
radually  when  an  oblique  dire&ion  was  given 
y turning  it  on  its  center,  and  thus  preferviug 
the  fame  diftance.  The  law  of  this  decreafe 
appears  to  be  proportional  to  the  degree  of 
obliquity,  whence  it  may  be  laid  down  as  a 
general  rule  that  the  a&ion  of  a heated  furface 
is  proportional  to  the  fine  of  its  inclination,  and 
therefore  is  greateft  in  a dire&ion  perpendicular 
to  the  furface. 

The  times  taken  up  by  the  refpedlive  cooling 
of  heated  bodies  expofed  to  a cold  atmofphere 
or  any  other  elaftic  medium,  equally  illuftrate  all 
the  preceding  obfervations  concerning  the  effedb 
of  furfaces  in  promoting  or  retarding  the  radi- 
ation of  heat.  Thus  when  a hollow  tin  ball  is 
filled  with  hot  water  and  fet  to  cool  in  a tran- 
quil atmofphere,  if  it  takes  156  minutes  to  cool 
down  to  a given  point  when  the  furface  is  bright 
and  clean,  the  fame,  painted  with  lamp-black, 
will  cool  to  the  given  point  in  8 1 minutes.  h 
This  indeed  does  not  accord  with  the  propor- 
tional propulfive  energy  of  thefe  two  oppofite 
furfaces  in  the  experiments  of  the  reflexion  of 
radiant  caloric  already  mentioned ; for  in  thefe 
it  was  found  that  the  force  of  radiating  caloric 
from  thefe  two  furfaces  was  as  96  to  12,  or 
eight  times  as  ftrong  in  the  blackened  as  in  the 
bright  metallic  furface.  Whereas  the  a£tual 
rate  of  cooling  is  only  four  to  one,  or  four 
times  as  great  in  the  painted  as  in  the  metallic 
ball.  Some  other  caufe  than  radiation  muft 
therefore  a£t  in  this  cafe,  and  muft  a£l  nearly 


equally  upon  both  furfaces,  fince  it  tends  t® 
diminilh  the  relative  proportions  between  the 
cooling  power  of  thefe  two  fubftances.  This 
will  be  mentioned  in  the  next  feftion,  when 
treating  of  the  conducting  power.  The  adtual 
law  of  cooling  that  regulates  all  bodies  immerfed 
in  a fluid  medium,  will  be  prefently  noticed. 

Radiation  of  caloric  has  been  obferved  to 
take  place  only  in  elaftic  mediums,  or  perhaps 
in  a vacuum,  but  certainly  not  in  water.  To 
prove  this,  if  the  apparatus  of  the  heated  canif- 
ter and  mirror  be  immerfed  in  water,  no  rife 
whatever  takes  place  in  the  differential  ther- 
mometer when  placed  in  the  focal  point. 1 Like- 
wife,  a clean  bright  tin  ball  filled  with  hot 
water  and  immerfed  in  cold  water,  cools  down 
to  a given  point  as  foon  when  the  furface  is 
bright  as  when  painted. 

Several  important  pra£Hcal  inferences  may 
be  drawn  from  the  properties  of  radiated  caloric, 
and  the  power  of  different  furfaces  to  propel, 
abforb,  and  reflect  radiated  heat.  Many  of  thefe 
are  in  dire£t  oppofition  to  commonly  received 
opinions.  Thus  in  cafes  where  it  is  required 
to  preferve  the  heat  of  any  fubftance  confined 
in  a metallic  veflel,  the  external  furface  fhould 
be  kept  clean,  bright,  fmooth  and  polifhed ; k 
on  the  other  hand,  if  the  obje<!ft  be  to  cool  them 
quickly,  the  furface  fhould  be  painted  or  tar- 
nifhed,  or  covered  with  a thin  layer  of  fome 
foft  unmetallic  coating.  For  example,  metallic 
pipes  intended  to  convey  fteam  uncondenfed  to 
a diftance  fhould  be  kept  bright,  or  may  advan- 
tageoufly  be  gilt,  as  the  thinneft  poffible  coat  of 
gilding  will  anfwer  the  purpofe  of  diminifhing  as 
much  as  poffible  the  quantity  of  radiated  caloric. 
On  the  contrary,  metallic  pipes  or  flues  con- 
veyed into  a room  with  the  view  of  warming  it, 
fhould  be  rough,  unpolifhed,  tarnifhed,  or  better, 
painted. 

Some  limit  however  is  put  to  the  calculation 
of  the  gain  or  lofs  of  caloric  by  radiation,  by 
the  circumftance  that  condu&ed  caloric  (which 
will  prefently  be  deferibed)  in  very  many  cafes 
has  precifely  an  oppofite  range  of  adtion.  Thus 
metallic  bodies  condudl;  heat  with  much  more 
facility  than  glafs  or  wood  of  equal  thicknefs ; 
and  hence  when  a perfon  touches  a metallic 
veflel  containing  a hot  liquid,  the  heat  is  fo 
rapidly  conduced  to  the  finger  as  immediately  to 
become  intolerable ; and  yet,  as  has  been  fully 
{hewn,  the  fame  veflel  keeps  its  contained  liquid 
much  hotter  in  the  air  in  a given  time  than  a 
glafs  or  wooden  veflel  of  the  fame  dimenfions, 
which  the  hand  could  touch  without  uneafinefs. 
k Rumford. 
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So  that  the  heat  of  the  outfide  of  any  veflel  to 
the  touch  is  no  other  criterion  of  the  eafe  with 
which  heat  radiates  from  it,  than  to  make  it 
probable  that  the  furfaces  which  feel  the  hotteft 
are  from  their  nature  thofe  which  retain  heat 
the  longeft  in  the  air,  or  any  elaftic  medium. 

The  thicknefs  of  any  veflel,  more  efpecially  if 
as  much  as  poffible  of  it  is  made  of  light  fpongy 
materials,  diredlly  diminifhes  the  conducing 
power,  though  it  often  encreafes  the  radiating. 
Thus  a metallic  veflel  will  cool  f after  than  before 
if  wrapped  round  with  a Angle  fold  of  thin 
flannel,  clofely  adhering  to  the  furface,  as  will 
be  feen  by  the  following  Ample  experiment. 
A thin  hollow  cylinder  of  tin-plate,  of  2 inches 
diameter  and  5 inches  in  height,  quite  bright 
and  clean  on  the  outAde,  was  Ailed  with  hot 
water,  and  a thermometer  bulb  introduced  in 
the  middle  of  the  water  through  a hole  in  the 
cork  which  Atted  to  the  top.  The  heat  of  the 
water  obferved  every  Ave  minutes  from  1950 
was,  fucceflively,  1950 — 1 87.5° — 180° — 1 730. 
The  fame  experiment  repeated  with  every  ch> 
eumftance  the  fame,  except  that  the  cylinder 
was  clofely  wrapped  round  with  a Angle  fold  of 
flannel,  now  gave  1950 — 1860 — 177.5 — 170°. 
So  that  in  fifteen  minutes  the  cylinder  covered 
with  flannel  had  loft  3 degrees  more  of  heat 
than  when  uncovered.  This  is  explained  from 
the  principle  that  the  furface  is  changed  from  a 
metallic,  to  one  of  foft  vegetable  matter,  which 
radiates  heat  with  much  more  intenAty : but  if 
wrapped  round  with  feveral  folds  of  flannel 
loofely  adhering,  this  encreafed  radiating  power 
would  be  fully  or  more  than  counterbalanced  by 
the  greater  difficulty  which  the  enclofed  heat 
would  And  in  being  conducted  outwards  through 
fo  great  a thicknefs  of  a loofe  fpongy  material. 

All  that  has  been  faid  about  the  power  of 
furfaces  to  promote  or  retard  the  radiation  of 
caloric  from  them  when  hotter  than  the  fur- 
rounding air  (and  equally  the  abforption  and 
reflexion  of  radiated  caloric)  apply  exaiftly, 
changing  the  circumftances,  to  the  radiation  of 
cold,  meaning  by  this  term  a temperature  lower 
than  that  of  the  furrounding  atmofphere.  Thus 
iced  water  contained  in  a bright  clean  metallic 
veflel  and  expofed  to  a warm  air,  retains  its 
cold  longer  (or,  were  cold,  a pofltive  fubftance 
we  fhould  fay  the  metallic  furface  propels  frigo- 
rific  rays  with  lefs  force)  than  if  the  outAde  of 
the  veflel  were  painted  or  even  tarniffied.  But 
this  leads  to  the  curious  enquiry  relating  to 

The  Radiation  and  Reftexion  of  Cold. 

Nothing  appears  at  Arft  fight  more  dire&ly 
1 Waller’*  Tranflation,  p.  1 


contradictory  to  the  common  opinion  of  cold 
being  only  relative,  and  only  a negative  term 
implying  the  abftra&ion  of  heat,  than  the  fa£ls 
which  Aaew  the  apparent  radiation,  abforption 
and  reflexion  of  cold ; the  evidence  of  which 
{lands  on  the  fame  ground  as  the  correfponding 
motions  of  heat  already  defcribed,  namely,  on 
the  rife  or  fall  of  the  thermometer.  If  the  rife 
of  the  liquor  on  the  fcale  of  a thermometer 
whofe  bulb  is  placed  in  the  focus  of  a mirror, 
be  confldered  as  a proof  of  the  propulfion  of 
certain  caloriflc  rays  from  a diftant  heated  fur- 
face, and  their  fubfequent  reflexion  according 
to  the  laws  of  catoptrics;  the  finking  of  the  fame 
thermometer  liquor  under  Amilar  circumftances 
of  poAtion,  when  the  furface  which  before  was 
fenAbly  hotter  than  the  atmofphere  is  now 
fenAbly  colder,  would  feem  from  a parity  of 
reafoning  to  indicate  the  propulAon  and  reflexion 
of  frigoriftc  rays.  Nor  can  we  confider  this 
queftion  as  at  all  determined,  though  an  in- 
genious hypothefls  has  been  advanced  by  M. 
Prevoft,  which  goes  a conflderable  way  to  recon- 
cile the  apparent  contradiction  of  the  doCtrine 
of  the  unity  of  heat  and  cold.  The  leading 
faCts  however  are  the  following. 

It  is  Angular  that  the  reflexion  of  cold  fhould 
have  been  accidentally  difcovered  and  decidedly 
announced  about  the  year  1667  by  the  members 
of  the  Florentine  Academy  del  Cimento,  with- 
out any  further  profecution  of  fo  curious  a 
faCt. 

The  experiment  is  the  following. 1 A mafs 
of  ice  of  about  5001b.  was  fet  fome  diftance 
before  a concave  glafs  mirror,  and  the  bulb  of 
a fpirit  thermometer  put  in  the  focus  to  try 
whether  cold  would  be  reflected.  Immediately 
the  fpirit  of  the  thermometer  began  to  Ank,  and 
fell  feveral  degrees.  To  prove  that  this  was 
not  merely  owing  to  the  contiguity  of  the  ice, 
the  furface  of  the  mirror  was  covered  with  a 
cloth  to  prevent  the  reflexion,  and  the  ther- 
mometer again  rofe.  No  further  inference  is 
drawn  from  this  experiment,  and  the  author  of 
it  feemed  even  to  doubt  of  the  reality  of  the 
reflexion,  and  to  be  difpofed  to  impute  it  to 
fome  other  unknown  caule. 

This  experiment  was  repeated  in  a much 
more,  accurate  way  by  M.  PiCtet. 111  The  appa- 
ratus which  he  ufed  was  the  fame  as  that  before 
defcribed,  as  employed  for  the  reflexion  of 
heat ; that  is,  two  tin  mirrors  placed  direCtly 
oppoflte  each  other  at  fome  diftance,  in  the 
focus  of  one  of  which  was  placed  the  bulb  of  a 
very  fenflble  thermometer,  and  in  the  other  the 
3.  * Effai  fur  k Feu. 
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veflcl  intended  to  produce  the  heat  or  cold.  In 
this  inltance  this  latter  was  a matrafs  full  of 
fnow : the  mirrors  were  l'eparated  to  the  dif- 
tance  of  io^-  feet.  At  the  inftant  the  matrafs 
was  placed  in  one  focus,  the  thermometer  in 
the  oppofite  focus  began  to  fink,  and  defcended 
feveral  degrees.  When  ftationary,  nitrous  acid 
was  poured  on  the  fnow,  which  produced  a 
cold  of  much  greater  intenfity,  and  the  ther- 
mometer in  confequence  immediately  defcended 
feveral  degrees  lower.  When  taken  out  of  the 
focus,  it  again  rofe  to  the  common  temperature. 

Mr.  Leflie  alfo  found,  not  only  the  fame 
effe£l  in  his  experiment,  but  that  the  adlion  of 
a cold-radiating  furface  upon  the  tin  refle£lor 
produced  exa£Uy  the  fame  proportional  effect 
upon  the  differential  thermometer  as  the  hot 
radiating  furface,  only  in  the  oppofite  direction 
of  the  fcale.  The  differential  thermometer, 
which  is  always  at  zero  when  both  bulbs  are 
equally  heated,  is  beautifully  calculated  to  fhew 
this  linking  experiment.  Thus  if  the  difference 
of  temperature  between  the  heat-radiating  fub- 
ftance  and  the  atmofphere  be  60  degrees,  and 
if  this  raifes  the  thermometer  45  degrees,  the 
fame  difference  between  the  cold-radiating  fub- 
ftance  and  the  atmofphere  will  fink  the  ther- 
mometer 45  degrees,  and  fo  in  proportion ; fo 
that  a cold  of  16  degrees  will  fink  the  ther- 
mometer 12  degrees,  for  60  : 45  : : 16 : 12. 

The  range  of  thefe  experiments  on  cold  is 
neceffarily  more  limited  than  that  of  heat,  for 
it  is  not  eafy  to  keep  up  a cold  lefs  than  o° 
(Fahr.)  in  any  veffel,  for  a moderate  length  of 
time,  which  is  only  about  6o°  below  the  average 
temperature  of  a room;  whereas  the  heat  of 
boiling  water  is  150°  above  this  average.  Befides, 
a fource  of  error  takes  place  in  eftimating  the 
propulfive  energy  of  a cold  fubftance  when  at  a 
very  low  temperature,  which  is,  the  conftant 
condenfation  of  the  moifture  of  the  atmofphere 
on  the  furface,  except  the  air  is  uncommonly 
dry,  and  this  introduces  an  extraneous  fubftance 
into  the  comparative  experiments. 

The  theoretical  explanation  of  thefe  curious 
fails  leads  us  immediately  to  the  confideration  of 

The  Equilibrium  of  Radiant  Caloric. 

The  fimpleft  explanation  of  what  paffes  when 
a heated  body  cools  in  a cold  medium  and  raifes 
the  temperature  of  the  furrounding  fubftances, 
is  to  fuppofe  a mere  efflux  of  caloric  from  the 
hotter  to  the  cooler  bodies,  radiating  with  more 
or  lefs  force  according  to  the  greater  or  lefs  dif- 
ference between  the  thermometrical  heat  of  the 
two,  and  the  nature  of  the  heated  furface,  with 


regard  to  its  heat-propelling  quality.  This 
would  explain  without  difficulty  the  reflexion 
of  heat  in  the  experiments  already  related,  but 
would  not  apply  with  equal  eafe  to  the  reflexion 
of  cold.  For  fuppofing  (as  the  fimpleft  cafe)  a 
canifter  filled  with  iced  water  at  320,  Handing 
before  a tin  refle£lor,  and  a thermometer  bulb 
in  the  focus,  with  the  common  temperature  of 
6o° ; if  no  other  radiation  takes  place  than  that 
from  the  hotter  bodies  to  the  colder  one,  the 
cold  canifter  would  merely  make  a kind  of  void 
or  gulph,  into  which  the  thermometer  bulb,  the 
reflector,  and  the  ambient  air  would  all  pour 
their  excefs  of  heat  by  dire£l  radiation  in  the 
{horteft  path,  and  not  in  any  other  direction ; 
nor  could  any  retrogradation  or  reflexion  of 
rays  take  place  between  the  thermometer  and 
the  mirror.  n Hence  the  prefence  of  the  mirror 
could  make  no  difference  in  the  temperature  of 
the  thermometer,  and  its  focal  point  would 
not  be  colder  than  any  other  contiguous  fpot. 

The  very  ingenious  theory  of  M.  Prevoft: 
reconciles  this  difficulty  without  requiring  the 
fuppofition  of  pofitive  radiations  of  cold ; though 
this  laft  hypothefis  will  certainly  apply  with 
equal  force  to  all  the  circumftances  of  the 
reflexion  of  cold  as  to  thofe  of  heat. 

According  to  M.  Prevoft,  0 heat,  when  un- 
combined, is  a fubtile  fluid,  of  extreme  mobility, 
difperfing  its  particles  in  every  direction,  which 
exift  in  that  Hate  of  mutual  repulfion  or  fepa- 
ration,  that  contrary  or  different  currents  may 
crofs  each  other,  like  thofe  of  light,  without 
difturbance  or  interference.  This  conftitution 
of  heat  being  admitted,  a conftant  interchange 
of  radiations  of  heat  is  kept  up  between  all 
fubftances  placed  within  the  fphere  of  mutual 
influence,  whether  hot  or  (comparatively)  cold. 
The  interchanges  are  equal  when  the  fubftances 
have  the  fame  thermometrical  temperature,  and 
the  mutual  tenfton  of  heat  is  then  in  equilibrium. 
A hot  body,  in  cooling,  parts  with  more  caloric 
than  it  receives,  and  its  excefs  of  heat  difturbs 
the  tenfion  of  heat  between  it  and  the  furround- 
ing  bodies,  till  the  inequality  of  the  interchanges 
has  reftored  the  equilibrium.  On  the  other 
hand  a comparatively  cold  body,  in  heating, 
receives  more  caloric  than  it  parts  with,  as  long 
as  the  equilibrium  is  reftoring. 

To  apply  this  hypothefis  to  the  two  oppofite 
experiments  of  the  reflexion  of  heat  and  of  cold. 

Where  (in  the  apparatus  of  Mr.  Leflie  fo 
often  referred  to)  the  canifter  is  filled  with 
boiling  water,  and  therefore  hotter  than  the 
furrounding  air  and  the  mirror,  the  interchanges 
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of  caloric  are  unequal,  and  (comparatively)  hot 
rays  proceed  from  the  canifter.  As  the  rays 
from  this  quarter  are  the  only  ones  which  can 
produce  any  effect  in  the  focus  of  the  mirror, 
the  temperature  of  the  focus,  like  and  fuperior  in 
degree  to  the  rays  from  the  canifter,  is  hot  •,  and 
the  thermometer  proportionally  railed.  On  the 
other  hand,  when  the  canifter  is  filled  with  ice 
mutual  interchanges  of  caloric  take  place,  as 
before,  between  all  the  fubftances  concerned  in 
the  experiment ; but  the  rays  that  proceed  from 
the  canifter  are  now  (comparatively)  cold,  and 
hence  a fimilar  and  more  intenfe  cold  is  pro- 
duced in  the  focus,  which  is  (hewn  by  the  fink- 
ing of  the  thermometer. 

It  does  not  appear  that  any  experimental  proof 
can  be  devifed  to  confirm  or  difprove  the 
truth  of  the  above  hypothefis  of  the  conftant 
and  mutual  radiations  of  caloric  between  fub- 
ftances whofe  therrnometrical  temperature  is  the 
fame •,  fince  the  thermometer  is  the  chief,  if 
not  the  only  inftrument,  which  we  can  apply 
to  detedf  the  paflage  of  heat,  and  it  is  obvious 
that  it  only  indicates  the  difturbance  of  the 
equilibrium,  and  not  the  mutual  interchanges 
that  maintain  this  equilibrium.  The  relation 
and  correfpondence  between  the  powers  of  pro- 
pelling and  of  abforbing  caloric  poflefled  by  dif- 
ferent furfaces,  and  fo  beautifully  illuftrated  by 
Mr.  Lellie’s  experiments,  may  perhaps  be  a 
fupport  to  the  above  hypothefis,  fince  it  recon- 
ciles the  maintenance  of  the  equilibrium  of  the 
conduced  heat  in  liquids,  however  enclofed  by 
veflels  of  any  folid  materials,  and  in  folids  them- 
felves,  with  that  of  the  radiant  heat  of  the  fur- 
rounding atmofphere. 

The  cooling  of  hot  bodies  by  fimple  radiation 
into  the  furrounding  cold  medium,  and  the 
heating  of  cold  bodies  by  abforption  from  the 
furrounding  hot  medium,  are  regulated  by  cer- 
tain laws,  which  have  been  well  explained  by 
the  experiment  of  M.  Kraft  and  Richman.  p 
The  mod  important  of  thefe  is  the  following. 
When  a hot  body  is  immerfed  in  a cold  medium 
of  uniform  temperature  (in  the  common  atmof- 
phere for  example)  the  lofs  of  heat  proceeds  in 
an  inverfe  geometrical  progreflion,  whilft  the 
time  proceeds  in  a direct  arithmetical  progreflion. 
The  fame  rule  alfo  applies  to  the  heating  of  a 
cold  body  in  an  uniformly  hot  medium.  For 
inftance,  fuppofing  the  propulfion  of  caloric 
from  the  heated  body  is  of  fuch  an  intenfity 
that  one-tenth  of  the  whole  excels  of  heat, 
above  that  of  the  furrounding  medium,  is  loft 
m one  minute  •,  then,  at  the  end  of  that  time 


there  will  remain  of  the  whole.  After  the 
fecond  minute,  the  tenth  of  the  heat  that  was 
left  is  difiipated,  and  hence  there  now  remains 
in  the  heated  body  ^ of  -j%  or  r^)2.  After 
the  third  minute  there  will  remain  -j-'L  of  -fV)* 
or  rV)3>  After  the  fourth  minute  tV)4>  and  fo 
on,  the  quantity  of  heat  decreafmg  in  geometri- 
cal progreflion,  whilft  the  time  encreafes  in 
arithmetical  progreflion. 

Hence  too  it  appears  that  whilft  the  equili- 
brium of  heat  is  reftoring,  the  adtual  quantity 
of  caloric  palling  from  the  hotter  to  the  colder 
body  is  conftantly  decreafing  in  equal  times : 
thus  if  the  firft  excefs  of  heat  be  equivalent  to 
ioo,  the  firft  minute  will  fubftradb  io,  the 
fecond  minute  9,  the  third  8.1,  the  fourth  7.29, 
and  fo  on  in  proportion,  always  leaving  of 
the  laft  refidue.  Hence,  after  10  minutes  have 
elapfed  (at  which  time  the  whole  excefs  of 
heat  would  have  been  fpent,  had  the  adlual  lofs 
been  uniformly  the  fame  as  during  the  firft 
minute)  more  than  one-third  of  the  original 
100  parts,  or  34.86  parts,  ftill  remain  in  the 
heated  body.  This  encreafing  flownefs  of  heat- 
ing or  cooling,  as  it  approaches  the  equilibrium, 
is  a matter  of  common  obfervation  in  number- 
lefs  experiments.  Thus  if  a thermometer  be 
plunged  in  boiling  water  and  then  expofed  to 
the  air,  it  will  fink  at  firft  vifibly  and  rapidly, 
but  this  finking  will  foon  be  found  more  and 
more  retarded,  and  at  laft  many  minutes  will 
elapfe  before  it  has  arrived  at  the  exa£l  tem- 
perature of  the  air.  The  fame  of  cold  bodies, 
in  acquiring  the  heat  of  the  furrounding  me- 
dium. 

The  fame  reafoning  will  apply  to  the  hypo- 
thefis of  the  mutual  interchange  of  caloric  be- 
tween bodies,  whatever  be  their  therrnometrical 
temperature.  For  if  a cold  body  is  expofed  to 
a hot  medium,  the  heat  of  this  laft  may  be  con- 
fulered  as  divided  into  two  parts,  that  which  is 
equal  to  the  cold  body,  and  that  which  forms 
the  excefs.  With  regard  to  the  firft,  as  it  only 
ferves  to  equalize  what  it  receives  from  the  cold 
body,  and  to  produce  an  equilibrium,  it  is  put 
out  of  the  queftion,  and  it  is  only  the  excefs  to 
which  the  laws  of  progrefiive  diminution  can 
be  applied.  11 

The  inveftigation  of  the  above  hw  of  Richman 
becomes  fomewhat  more  complex  when  both 
the  hot  and  the  cold  body  , are  changing  their 
temperature,  the  former  by  lofing,  the  latter  by 
gaining  caloric ; for  in  the  heating  or  cooling  of 
any  lubftanee  in  the  atmofphere,  the  proportion 
between  the  bulk  of  the  body  and  the  medium 
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In  which  it  is  immerfed  is  fo  fmall,  that  in  mod 
inftances  the  temperature  of  the  medium  may- 
be confidered  as  ftationary. 

Though  the  radiation  of  caloric  generally 
takes  place  in  the  medium  of  the  atmofphere, 
and  certainly  neither  in  denfe  fluids  nor  in 
folids,  it  does  not  appear  that  any  medium  is 
neceflary  to  convey  the  radiations  of  heat.  Cer- 
tain it  is  that  according  to  apparently  accurate 
experiments,  caloric  does  pafs  diredtly  through 
the  torricellian  vacuum,  though  it  is  phyfically 
impofiible  to  confine  a thermometer  bulb  within 
a vacuum  without  fome  neceflary  communication 
with  the  external  apparatus  through  the  Hem 
of  the  inftrument,  fo  as  to  be  able  to  convey 
heat  by  a different  path  than  that  of  radiation. 
It  appears  that  caloric  is  capable  of  radiating 
through  a vacuum,  when  the  fides  of  die  veflel 
that  forms  the  vacuum  have  a higher  tem- 
perature than  the  vacuum  itfelf,  or  than  any 
fubftance  placed  in  it ; or  vice  verfa,  when 
the  enclofed  fubftance  is  hotter  than  the  fides 
of  the  confining  veflel.  Count  Rumford’s  ex- 
periments on  the  comparative  conducing  power 
of  air  and  a vacuum  are  much  to  the  point. r 

Count  Rumford  very  judicioufly  reje£ted  the 
common  air-pump  receivers,  as  it  is  well  known 
that  none  will  enfure  a perfeft  vacuum,  both 
on  account  of  the  impoffibility  of  rigoroufly 
exhaufting  all  the  air,  and  becaufe  of  the  watery 
vapour  which  always  arifes  from  the  moifture 
and  the  oil  of  the  apparatus,  and  which,  like 
rarefied  air,  is  a conductor  of  heat.  He  there- 
fore employed  the  torricellian  or  barometical 
vacuum,  and  by  ingenious  management  fol- 
dered  the  Item  of  a thermometer  tube  into 
that  of  a glafs  bulb,  which  formed  the  vacuum, 
fo  that  after  filling  with  mercury,  inverting  the 
tube,  and  fufing  together  with  a blowpipe  the 
two  ftems,  a compleat  infulated  vacuum  was 
left  in  the  larger  glafs  ball,  with  the  bulb  of  a 
fine  thermometer  enclofed  in  the  centre. 

This  apparatus  was  then  immerfed  in  warm 
water  of  a certain  temperature  to  become  uni- 
formly heated,  and  then  taken  out  and  fuddenly 
plunged  in  water  at  the  boiling  point,  and  kept 
at  this  heat  during  the  whole  of  the  experiment. 
The  confequence  was  a gradual  but  flow  rife  of 
the  enclofed  thermometer  during  the  whole  time 
of  immerfion.  The  minute  particulars  need 
not  be  related,  it  is  fufficient  to  obferve  that 
from  72. 50  it  rofe  in  1 min.  30  fee.  to  81.5,  in 
4 min.  to  1 330,  and  in  5 minutes  to  1410.  On 
admitting  air  to  the  fame  apparatus  and  repeat- 
ing the  immerfion,  the  thermometer  now  rofe 


to  the  fame  points  in  a much  fhorter  time, 
requiring  reflectively  only  45  fee.,  2 min.  10  fee., 
and  2 min.  40  fee. 

The  fame  kind  of  experiments  were  repeated 
with  a more  delicate  apparatus,  in  which  the 
communication  between  the  thermometer  and 
the  external  part  of  the  apparatus  was  only  a 
filk  thread,  and  ftill  the  external  heat  arrived  at 
the  enclofed  thermometer  through  the  vacuum 
in  progreflive  fteps,  and  by  reverfing  the  experi- 
ment the  acquired  heat  efcaped  from  the  ther- 
mometer to  the  external  air. 

By  a confiderable  agreement  of  feveral  experi- 
ments, Count  Rumford  concludes  that  the  con- 
ducting power  of  a vacuum  compared  with  that 
of  the  fame  extent  of  air  perfectly  at  reft,  is 
as  702  to  1000  nearly;  for  in  the  above  experi- 
ments the  quantity  of  heat  communicated  being 
equal,  the  intenfity  of  the  communication  is 
inverfely  as  the  times. 

But,  as  will  be  feen  in  the  next  feCtion,  it  is 
difficult  to  make  an  eftimate  of  the  true  con- 
ducting power  of  air  diftinCt  from  that  of  the 
intenfity  with  which  caloric  radiates  through 
this  medium,  and  therefore  thefe  experiments 
are  only  fatisfaCtory  as  to  the  leading  faCts  that 
caloric  will  pafs  through  a vacuum,  though  with 
lefs  rapidity  than  through  air.  It  would  be  an 
interefting  fubjeCt  for  experiment  (though  not 
eafily  managed)  to  afeertain  how  much  the 
nature  of  the  propelling  furface  affeCts  the  radi- 
ation of  heat  through  a torricellian  vacuum. 

Of  Conducted  Caloric. 

All  bodies  in  nature  are  pervious  to  caloric, 
for  no  fubftance  has  ever  been  difeovered  which 
will  for  any  length  of  time  retain  or  confine 
that  modification  of  heat  and  of  cold  which  is 
fenfible  to  the  feelings  and  to  the  thermometer. 
But  caloric  is  found  to  radiate  through  no  other 
medium  than  the  aeriform,  confequently  its 
pafiage  through  folids  and  liquids  muft  be  per- 
formed in  a different  manner  ; and  even  through 
air  it  does  not  entirely  pafs  by  radiation,  fince 
the  ftate  of  the  air  as  to  denfity,  mcifture, 
motion,  &c.  is  found  to  make  a very  decided 
difference  in  the  eafe  with  which  heat  pervades 
it. 

When  heat  combines  with  any  fubftance,  the 
firft  effect  is  to  expand  it  in  every  dimenfion, 
and  this  law  is  fo  univerfal  as  not  to  have  a 
Angle  proper  exception.  When  any  portion  of 
a folid  body  is  expanded,  the  only  effect  can  be 
to  produce  a mutual  receflion  of  the  particles 
atted  on,  and  not  a difplacement  of  their  com- 
parative juxta-pofition.  If  a perpendicular  bar 
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of  metal  were  made,  the  upper  half  of  iron, 
and  the  lower  of  copper,  and  heat  applied  from 
beneath,  no  expanfion  of  the  lower  portion  could 
caufe  a mixture  of  the  two  metals,  or  a paflage 
of  one  through  the  other.  But  quite  the  reverie 
happens  when  a liquid  or  gafeous  body  is  par- 
tially heated  ; for  being  compofed  of  fluid  par- 
ticles of  great  mobility,  thofe  that  receive  the 
firft  impreflion  of  heat  and  become  expanded 
by  it,  acquire  thereby  a comparative  levity,  their 
fpecific  gravity  being  diminilhed,  and,  if  at  the 
lower  part  of  the  mafs,  they  immediately  rile 
through  the  cooler  portion  to  the  furface,  giving 
off  in  their  paflage  more  or  lefs  of  their  acquired 
heat  to  the  particles  of  the  cooler  fluid  with 
which  they  fucceflively  come  in  contact. 

This  effential  difference  in  the  mode  of  com- 
munication of  heat  renders  it  neceflary  to  con- 
(ider  feparately  its  paflage  through  folids ; and 
it  would  be  even  convenient  in  philofophical 
language  to  diflinguilh  thefe  very  different  mo- 
tions of  caloric  by  appropriate  terms. 

Of  the  Propagation  of  Heat  in  Solids. 

When  a folid  body  (a  bar  of  metal  for  exam- 
ple) is  expofed  to  the  influence  of  any  fource  of 
heat,  this  laft  pervades  the  metal,  not  with  the 
immeafurable  velocity  of  radiant  heat,  but  with 
a flow  and  gradual  progrefs,  from  the  neareft 
to  the  moff  remote  part;  and  if  the  heat  be 
below  fuflon,  producing  no  other  apparent  eft'eCt 
than  expanfion,  and  a fomewhat  different  degree 
of  cohefion  of  the  particles  of  the  metal.  As 
radiant  heat  may  be  confidered  as  caloric  in  its 
ftate  of  the  greateft  freedom,  and  .the  mod 
uncombined,  and  as  then  it  is  found  to  move 
with  a velocity  utterly  incalculable  by  any  ex- 
periment, it  muff  follow  that  the  extreme  re- 
tardation of  its  motion  in  paffmg  through  a folid 
is  owing  to  a fucceffive  combination  with  all 
the  particles  or  ftrata  of  particles  which  oppofe 
.its  progrefs.  Hence  the  particles  of  folid  matter 
muff;  have  an  affinity  for  calorie  to  be  able  to 
detain  it  for  (comparatively)  fo  great  a length 
of  time ; and  as  this  time  is  in  no  degree  regu- 
lated by  the  fpecific  gravity  or  denfity  of  the 
folid,  that  is  by  the  fuppofed  number  of  integrant 
particles  of  which  it  is  compofed,  it  feems  evi- 
dent  that  each  fubftance  has  its  peculiar  and 
relative  force  of  affinity  with  caloric.  This  forge 
of  affinity  is  obvioufly  in  direft  oppofition  to  its 
conducing  power,  for  the  greater  force  it  exerts 
in  detaining  caloric,  kthe  lefs  e.afily  will  it  con- 
ftuCl:,  or  allow  the  paflage  ,of  caloric  through  its 
fubftance.  Hence  too  the  terms  good  or  bad 
tonduElon ; the  former  term  being  applied  to 


thofe  bodies  that  have  the  weakeft  affinity  for 
heat ; the  latter,  to  the  ftrongeft. 

The  paflage  of  conducted  heat  through  a 
body  has  its  limits.  Owing  to  the  affinity  be- 
tween the  two,  a certain  portion  of  the  caloric 
is  detained  within  the  fubftance  heated,  and  the 
expanfion  produced  by  the  combination  feems 
to  affift  in  this  detention.  We  in  faCt  find  that 
if  one  end  of  a very  long  bar  be  heated  mo- 
derately and  for  a fhort  time  only,  the  heat  is 
fenfibly  conducted  only  to  a fmall  diftance,  and 
in  a conftantly  diminifhing  intenfity.  There  is 
no  good  reafon  however  to  fuppofe  that  any  of 
the  acquired  caloric  is  permanently  detained  in 
the  bar,  after  the  heated  end  has  returned  to  the 
common  temperature  and  the  whole  has  con- 
tracted to  its  original  dimenfions.  The  intenfity 
of  conduced  heat,  and  the  diftance  to  which  it 
may  be  propagated,  are  alfo  determined  by  the 
temperature  at  which  the  fubftance  begins  to 
melt,  conlume,  or  to  undergo  any  other  chemi- 
cal change  ; for  when  this  occurs,  all  the  furplus 
heat  above  this  point  is  employed  in  the  chemi- 
cal changes  that  are  going  on,  and  does  not 
materially  add  to  the  quantity  that  pafles  off  by 
the  conducting  power.  Therefore  (other  things 
being  the  fame)  an  indefinite  intenfity  of  heat 
will  pafs  to  a greater  diftance  through  a lefs 
than  a more  fufible  metal,  and  further  through 
an  incombuftible  than  a combultible  fubftance. 

Though  caloric  is  capable  of  palling  through 
folids  in  every  direction,  it  appears  that  it  more 
readily  proceeds  upwards  than  downwards.  The 
experiments  of  M.  PiCtet  confirm  this  opinion, 
which  has  long  been  entertained.  The  appa- 
ratus employed  hy  this  very  able  experimenter 
was  a glafs  tube  about  4 feet  long,  containing  a 
cylindrical  bar  of  copper,  hollowed  a little  at 
top  and  bottom,  to  receive  the  bulbs  of  two  fine 
thermometers.  The  bar  and  tube  were  fuf- 
pended  vertically,  and  the  bar  was  heated  ex- 
actly in  the  middle  by  the  fun’s  rays  thrown 
upon  it,  and  the  exaCt  fpot  was  fecured  by 
enclofing  the  w.hole  apparatus  in  a wooden 
frame,  perforated  at  the  place  on  which  the  heat 
was  to  fall.  Moreover  the  glafs  was  exhaufted  of 
its  air,  to  a trifling  refidue,  by  a good  air-pump, 
otherwife  the  mere  afcent  of  the  heated  air  in 
contaCt  with  the  copper  bar  would  certainly  „ 
heat  the  upper  part  fooner  than  the  lower,  and 
defeat  the  objeCt  of  the  experiment.  On  heat- 
ing the  middle  of  the  bar  and  obferving  the 
times  required  to  raife  the  touching  thermome- 
ters to  the  fame  heights,  it  was  found  that  the 
upper  one  was  confiderably  fooner  heated  than 
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the  lower,  and  on  changing  the  thermometers, 
that  which  was  now  at  the  top  of  the  bar  rofe 
the  higheit  in  equal  times  as  before.  Alio  on 
observing  the  comparative  rates  of  cooling,  the 
difference  was  Hill  more  ftriking  ; for  whilfl  the 
lower  thermometer  rapidly  cooled,  the  upper 
one  for  fome  time  did  not  fink  at  all,  its  lots  of 
heat  being  exactly  balanced  by  the  influx  from 
the  lower  part  of  the  bar. 

The  above  experiment  cannot  be  confidered 
as  quite  accurate,  as  no  air-pump  vacuum  is  a 
perfeCt  one,  and  even  if  free  from  air  it  ftill 
contains  fome  vaporous  moifture,  which  is 
itfelf  a conductor  of  caloric ; and  therefore 
the  fource  of  error  intended  to  be  avoided  by 
the  air-pump  is  not  entirely  removed.  Another 
difficulty  arifes  from  the  extreme  difficulty  of 
enfuring  exaCtly  the  fame  extent  and  accuracy 
of  contact  of  the  upper  and  lower  thermometer 
bulbs  with  the  folid  copper  bar-,  but  with  all 
thefe  deductions  we  may  ftill  confider  it  as 
nearly  certain  that  caloric  is  more  readily  con- 
veyed through  folids  in  an  upward  than  in  any 
other  direction.  In  tire  fame  apparatus  ano- 
ther upper  and  lower  thermometer  were  fuf- 
pended,  fo  as  nearly,  but  not  quite,  to  touch 
the  heated  metal,  and  therefore  were  infulated 
in  a vacuum.  The  great  fluggifhnefs  of  their 
rife  and  fall,  compared  with  the  two  that  aCtu- 
ally  touched  the  heated  bar,  (hewed  (what  has 
already  been  mentioned)  the  difficulty  with  which 
caloric  radiates  through  a vacuum. 

Metals  are  by  far  the  beft  folid  conductors 
that  we  are  acquainted  with;  Every  one  knows 
that  if  one  end  of  a fhort  (lender  iron  rod  be 
thruft  in  the  fire*  the  other  end  foon  becomes 
intolerably  hot  to  the  fingers  ; whereas  the  fame 
length  of  a fimilar  wooden  rod  may  be  held 
without  any  inconvenience,  and  may  even  be 
confumed  to  within  nearly  a quarter  of  an  inch 
of  the  fingers  that  hold  the  other  extremity 
without  burning  them.  The  comparative  con- 
ducting power  of  different  fubftar.ces  is  in- 
genioufly  (hewn  in  the  following  way.  Take 
Ihort  thin  rods,  of  equal  fize  and  length,  of  any 
of  the  different  metals,  of  glafs,  and  any  other 
iubftance  required ; coat  one  of  the  ends  by 
dipping  it  into  melted  wax  or  tallow,  and  im- 
merle  the  other  into  boiling  water,  or  any 
other  hot  medium  to  which  they  will  all  be 
equally  expofed.  After  a while  the  wax  will 


melt,  firft  from  the  metallic  rods  in  the  order 
of  their  conducing  power,  then  from  the  glafs 
or  other  fubftance  ufed,  and  the  comparative 
times  required  to  melt  the  wax  from  the  refpec- 
tive  rods  will  give  their  comparative  conducting 
power. 

In  this  manner  Dr.  Ingenhouz  * found  the 
comparative  conducing  power  between  feveral 
metals  to  be  in  the  following  order  : filver,  gold; 
copper  and  tin  nearly  equal ; platina,  iron,  fteel 
and  lead,  all  much  inferior  to  the  others.  Hence 
the  conducing  power  by  no  means  correfponds 
with  the  denfity,  tenacity,  oxidability,  fufibility, 
or  any  known  quality  common  to  all  metals. 

Next  to  metals,  (tones,  glafs,  and  hard  earthy 
fubftances  or  compounds  appear  to  have  the' 
greateft  conducting  power. 

The  conducting  power  of  feveral  woods  has 
been  afeertained  with  apparent  (kill  and  accu- 
racy by  Mayer,  profeffor  at  Erlangen. 1 

Balls  of  the  different  woods  were  turned  of 
the  fame  diameter,  and  hollowed  out  fo  as  juft 
to  admit  the  bulb  of  a fine  thermometer.  Thefe 
balls  were  firft  dried  in  a gentle  (love-heat  for 
feveral  days,  and  then  heated  uniformly  to  a 
certain  point,  and  brought  into  a cold  room 
without  a fire.  The  refpeCtive  times  taken  by 
each  ball  to  cool  to  certain  fixed  points  indicated 
inverfely  their  comparative  conducting  power. 
A correction  became  neceffary  however  on 
account  of  the  unequal  (hrinkage  of  the  balls 
during,  the  drying.  This  was  eafily  calculated 
from  the  law  that  in  veffels  of  the  fame  fub- 
ftance the  comparative  time  of  heating  or  coo- 
ling is  at  the  diameter  of  the  veffel.  The  balls 
being  thus  reduced  by  calculation  to  the  fame 
dimenfions,  the  times  of  cooling  from  one  given 
point  to  another  were  determined  by  the  num- 
ber of  vibrations  of  a pendulum,  which  of 
courfe  would  be  inverfely  as  the  conducting 
power.  Elm  w-ood  was  taken  as  a ftandard,  to 
which  all  the  others  were  firft  referred,  and 
afterwards  referred  to  that  of  water,  whofe 
conducting  power  w-as  found  by  confining  it  in 
a hollow  glafs  ball  of  the  fame  dimenfions  as 
the  wooden  one,  and  deducting  the  feparate 
effeCt  of  the  glafs.  The  fpecific  gravity  of  the 
different  woods  was  alfo  afeertained,  which  is 
worth  notice,  as  it  (hews  fome  kind  of  accord 
between  it  and  the  conducting  power,  inverfely,. 
though  not  with  much  proportional  accuracy. 


* J.  Phyf.  tom.  34, 


' An.  Chim.  tom.  30.  froaa  Crell’s  Journal,  I'j?. 
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The  following  is  the  comparative  table. 


Water 

Conducing 

power. 

Specific 

gravity. 

IO. 

I. OOO 

Ebony  wood 

21*7 

I.054 

Apple-tree 

27.4 

O.639 

Aih 

30.8 

O.63I 

Beech 

32-1 

O.692 

Hornbeam 

32-3 

O.69O 

Plumb-tree 

32-5 

O.687 

Elm 

32*5 

O.646 

Oak 

32.6 

0.668 

Pear-tree 

33-2 

0.603 

Birch 

34-i 

0.608 

Silver  fir 

37-5 

0.495 

Alder 

38-4 

0.484 

Scotch  fir 

38.6 

0.408 

Norway  fpruce  38.9 

0.447 

Lime 

39-° 

0.408 

It  will  be  feen  by  infpeCting  the  above  table 
that  the  order  in  which  they  are  given  is  direCHy 
as  the  conducting  power,  and  inverfely  as  the 
fpecific  gravity,  fo  that  the  lime,  for  exam- 
ple, which  is  lefs  than  half  the  weight  of  the 
ebony,  has  nearly  twice  the  conducting  power ; 
which  being  inverfely  as  the  times,  it  follows 
that  if  39  portions  of  time  are  employed  in 
the  paffage  of  a certain  quantity  of  thermo- 
metrical  heat  through  ebony  wood,  only  21.5 
fimilar  portions  of  time  would  be  required  to 
conduCt  the  fame  quantity  of  heat  through  an 
equal  bulk  of  lime  tree  wood. 

Thefe  reiults,  if  accurate,  are  very  curious, 
for  it  is  commonly  obferved  that,  ceteris  paribus, 
fubftances  of  a light  porous  texture  are  worfe 
conductors  of  heat  than  thofe  that  are  denfe 
and  clofe-grained ; whence  we  may  infer  (what 
indeed  has  been  obferved  by  Count  Rumford  and 
other  philofophers)  that  mere  porofity  of  texture 
is  not  neceffarily  connected  with  a retardation 
of  the  paffage  of  heat,  but  in  as  far  as  it  allows 
of  the  detention  and  adhefion  of  numerous  par- 
ticles of  air,  which  elaftic  fluid,  when  at  reft, 
is  known  to  be  one  of  the  Worft  conductors  in 
nature.  Now  it  does  not  appear  that  the  lighter 
woods  contain  more  interftitial  air  than  the 
heavier. 

The  interefting  experiments  of  Count  Rum- 
ford  on  the  conducting  power  of  various  animal 
and  vegetable  fubftances  ufed  in  cloathing,  and 
on  the  natural  coverings  of  animals,  may  here 
be  fhortly  mentioned.  u The  inftrument  em- 
ployed was  very  fimple ; it  confifted  of  a mer- 
curial thermometer,  divided  according  to  Reau- 
mur into  80  degrees  from  freezing  to  boiling 
water,  and  inclofed  in  a large  glafs  tube,  with 


a bulb  of  die  fame  fhape  with  the  thermometer, 
but  wide  enough  to  allow  of  about  an  inch  of 
vacant  fpace  on  all  fides  between  the  two.  The 
upper  end  of  the  thermometer  pafled  through  a 
hole  of  the  fame  cork  which  doled  its  invefting 
tube,  and  which  kept  it  fixed  in  its  proper  fitu- 
ation,  at  the  fame  time  that  the  air  contained 
in  the  interftitial  fpace  was  by  this  means  pre- 
ferved  at  reft.  The  fpace  between  the  two  was 
the  place  in  which  the  various  fubftances  for 
experiment  were  introduced,  and  their  con- 
ducting power  was  afcertained  by  the  time  at 
which  the  thermometer,  previoufly  heated  to  75 
of  the  fcale,  fell  to  determinate  points  when 
expofed  to  a cold  atmofphere.  Thus  fituated, 
it  is  obvious  that  the  fubftances  introduced  in 
the  intermediate  fpace  between  the  two  glafles 
would  retard  the  finking  of  the  thermometer  in 
inverfe  proportion  to  their  power  of  conducting 
heat ; and  when  in  the  comparative  trials,  equal 
points  of  the  thermometer  were  taken,  the 
times  required  to  fink  to  thefe  given  points 
would  give  refpeCtively  the  inverfe  conducting 
power  of  the  fubftances  under  experiment.  It 
is  to  be  obferved  that  part  of  the  communication 
of  heat,  both  from  the  thermometer  to  the  outer 
glafs,  and  from  this  laft  to  the  external  air,  was 
made  by  radiation,  but  in  thefe  experiments  no 
material  fource  of  error  probably  arofe  from  this 
circumftance.  The  fubftances  introduced  were 
pufhed  down  by  a brafs  wire,  and  diftributed 
as  equally  as  polfible  through  the  vacant  fpace. 
The  conducting  power  of  this  fpace,  that  is  of 
the  atmolpherical  air  filling  it,  was  firft  afcer- 
tained as  a ftandard  of  comparifon.  The  fub- 
ftances employed  were  raw  Silk,  Sheep’s  Wool, 
Cotton  Wool,  fine  Lint,  Beaver’s  Fur,  Hare’s 
Fur,  and  Eider  Down,  and  the  quantities  of 
each  were  of  equal  weight.  But  the  times  re- 
quired for  the  cooling  of  the  thermometer  fur- 
rounded  with  each  of  thefe  fubftances  were 
much  more  equal  than  was  expeCted,  therefore 
we  fhall  only  give  the  two  the  molt  differing, 
and  air  which  was  the  ftandard. 


Heat 

Fine  lint 

Eider  down 

loft. 

Air. 

16  grains 

16  grains. 

7° 

6o° 

38" 

80" 

98" 

50° 

46 

93 

' 1 16 

40° 

59 

1 1 5 

146 

30° 

80 

150 

I92 

20° 

122 

218 

268 

10° 

231 

376 

485 

576 

1032 

J3°5 
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Hence  it  appears  that  when  a heated  ther- 
Amometer  furrounded  by  about  an  inch  in  thick- 
nefs  of  confined  air  takes  576  feconds  to  cool 
60  degrees  of  Reaumur  ( 1 350  Fahr.)  it  will  take 
1032  feconds  to  cool  to  the  fame  point  when 
1 6 grains  of  lint  are  diffufed  through  the  con- 
fined air,  and  1305  feconds  when  the  fame 
weight  of  eider  down  is  ufed ; fo  that,  as  the 
conducing  power  is  inverfely  as  the  times,  if 
the  power  of  air  be  reckoned  as  1000,  that  of 
the  lint  wall  be  558,  and  of  the  eider  down  441. 

But  lint,  eider  down,  fur,  and  fimilar  floccu- 
lent  fubftances  may  be  confidered  as  fo  many 
compounds  of  fine  folid  matter,  with  air  in- 
feparably  adhering  to  them,  and  filling  all  their 
interftices,  and  their  true  conducting  power, 
diftinCt  from  that  of  the  air  they  contain,  can- 
lot  be  determined  by  fueh  experiments  as  thefe 
bove  related. 

The  conducing  power  of  thefe  fubftances  is 
further  diminilhed  by  the  clofenefs  -with  which 
their  particles  are  heaped  together,  at  leaft  to  a 
certain  limit,  provided  this  compreflion  does 
not  proceed  to  alter  their  texture,  which  again 
would  have  a contrary  effeCt.  Thus  Count 
Rumford  found  that  when  the  fame  fpace  which 
in  the  above  experiment  was  occupied  by  16 
grains  of  eider-down,  was  filled,  firft  with  32 
grains,  and  then  with  64  grains,  the  times  em- 
ployed in  the  paflage  of  the  60  degrees  of  heat 
were  fuccefiively  encreafed  from  1304  feconds 
to  1472”,  and  1615". 

On  the  other  hand,  to  fhew  the  effeCt  of 
mere  texture , fimilar  comparative  trials  were 
made  of  the  condu&ing  power  of  equal  weights 
of  raw  filk,  of  ravelings  of  white  taffeta,  and 
of  common  fewing  filk,  of  which  the  firft  has 
the  fineft  fibre,  the  fecond  lefs  fine,  and  the 
third,  from  being  more  twifted  and  harder,  is 
much  coarfer.  The  difference  between  thefe 
three  modifications  of  the  fame  fubftance  is  very 
ftriking,  the  raw  filk  detaining  the  heat  for 
1284  feconds,  the  taffeta  ravelings  1169”,  and 
the  filk  thread  only  917". 

Hence  as  a general  inference  it  may  be 
obferved  that,  as  far  as  the  mere  condu&ing 
power  of  animal  and  vegetable  fibre  is  concerned 
the  fubftances  that  detain  heat  (or  cold)  the 
longeft,  that  is,  that  have  the  leaft  conducting 
power,  or  are  the  worjl  conductors , are  thofe  in 
which  the  fibres  are  the  fineft  and  the  mod 
condenfed,  provided  that  this  condenfation  does 
not  amount  to  that  degree  which  would  expel 
the  interftitial  air.  But  again,  the  furface  im- 
mediately in  contaCt  with  the  outer  air,  parts 
with  heat  largely  by  radiation,  as  well  as  by  the 
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true  conducting  power  of  air,  and  therefore 
the  fuperior  power  of  propelling  caloric  pof- 
feffed  by  unequal  and  foft  fubftances,  over  thofe 
that  are  hard,  fmooth,  and  polilhed,  and  which 
aCts  quite  in  a contrary  way  to  the  conducting 
power,  mu  ft  always  be  taken  into  confideration. 

Of  the  Conducting  Power  of  Air. 

It  has  been  already  obferved  that  when  a 
heated  fubftance  is  freely  expofed  to  the  air  (or 
any  aeriform  medium)  it  parts  with  its  excefs 
of  heat  very  largely  by  radiation , which  is  more 
or  lefs  intenfe  according  to  the  degree  of  the 
excefs  of  heat,  the  nature  of  the  furface  in 
immediate  contaCt  with  air,  and  the  like  ; but 
radiation  is  not  the  only  way  in  which  heat  is 
loft,  for  much  of  it  paffes  off  by  the  conducting 
or  more  properly  the  carrying  power  of  the  air 
itfelf.  This  is  amply  proved  by  the  vaft  effeCt 
which  agitation  of  the  air  produces  in  encreafing 
the  rapidity  of  cooling,  which  is  readily  ex- 
plained by  fuppofing  that  the  particles  of  cold 
air  when  they  come  fuccefiively  in  contaCt  with 
the  heated  furface,  abforb  part  of  the  heat,  and 
thus  convey  it  away  into  the  diftant  atmofphere. 
This  kind  of  conveyance  of  heat  therefore  differs 
both  from  radiation,  which  is  propagated  to  an 
immenfe  diftance  in  an  inftant  of  time,  and  from 
the  flow  and  fucceflive  mode  in  .which  heat  is 
conduded  through  folids,  pervading  particle 
after  particle,  and  as  it  were  faturating  one 
ftratum  of  particles  before  it  proceeds  to  the 
next.  Here  on  the  other  hand  (and  the  fame 
with  liquid  mediums)  as  the  heat  is  conveyed 
along  with  the  particles  of  the  air  with  which 
it  unites,  its  motion  is  precifely  that  of  thefe 
particles,  falter  or  flower  according  to  the  degree 
in  which  it  expands  them,  and  the  buoyancy 
which  it  thus  imparts,  and  alfo  according  to 
the  force  of  any  other  propelling  power  which 
the  air  may  have  received.  We  fhall  find  there- 
fore that  cool  air  conveys  heat  from  a hot  fur- 
face in  direCt  proportion  both  to  the  rapidity 
with  which  it  is  renewed,  and  to  its  coldnels 
when  it  ftrikes  the  heated  body. 

The  cold  produced  by  fweeping  winds  is  a 
matter  of  common  obfervation,  but  it  is  better 
to  have  recourfe  to  direCt  experiment.  The 
following  is  eafily  performed.  Fill  a glafs  ma- 
trafs,  or  any  other  veflel  whatever,  with  boiling 
water,  introduce  a thermometer,  and  fimply  put 
it  in  the  body  of  a blaft  furnace  (without  fire) 
and  obferve  the  point  to  which  it  cools  in  a 
given  time.  Afterwards  repeat  the  obfervation 
with  the  fame  veflel,  in  the  fame  fituation, 
and  with  no  other  difference  but  that  of  work- 
ing the  bellows  during  an  equal  time,  and  the 
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difference  of  cooling  will  be  very  ftriking.  In 
the  former  cafe  if  the  water  cools  from  1880  to 
i8o°,  by  fimple  expofure  for  five  minutes,  it 
may  be  funk  in  the  latter  cafe  from  1880  to  170° 
by  a ftrong  blaft  for  the  fame  time.  The  com- 
parifon  will  be  better  if  inftead  of  equal  times, 
equal  Ioffes  of  heat  are  obferved,  and  then  the 
comparative  rate  of  cooling  will  be  inverfely  as 
the  times.  Now  there  is  no  reafon  to  doubt 
that  the  radiation  from  the  hot  furface  is  the 
fame  in  both  circumftances,  and  therefore  the 
difference  mull  be  owing  to  the  l'uperior  quan- 
tity of  caloric  conveyed  away  by  the  rapid 
motion  of  the  air. 

We  find  too  that  air  has  no  cooling  or  heating 
effedl  on  a dry  furface,  unlefs  it  be  colder  or 
hotter  than  the  fubftance  on  which  it  plays. 
Thus  if  the  bulb  of  a thermometer  of  the  tem- 
perature of  the  furrounding  air  be  wiped  per- 
fedlly  dry,  and  the  llream  from  a bellows  be 
diredled  on  it,  no  rife  or  fall  of  the  mercury 
enfues  : but  on  the  other  hand  a llream  of  warm 
air  directed  on  a piece  of  ice  will  melt  it  much 
faller  than  fimple  expofure  to  an  equally  warm 
atmofphere.  In  all  thefe  cafes  the  fubjetfl  of 
experiment  is  fuppofed  to  be  dry , for  if  moif- 
ture  be  prefent,  the  encreafed  evaporation  pro- 
duced by  an  augmented  velocity  of  air  will  at 
all  times  abltradl  a large  portion  of  heat,  as  will 
be  further  explained. 

Mr.  Leflie’s  experiments  on  this  fubje£l  are 
curious  and  precife.  A thin  hollow  globe  of 
bright  tinned  iron,  drawn  into  a fine  neck 
through  which  a thermometer  was  inferted,  was 
filled  with  hot  water,  and  fuffered  to  cool  to  a 
certain  point  without  dillurbance  in  a clofe 
room  without  a fire,  the  temperature  of  which 
was  perfectly  Heady.  The  fame  experiment 
was  repeated  with  no  other  difference  than  that 
the  outfide  of  the  veffel  was  covered  with  black 
paint,  the  effedl  of  which  (as  mentioned  under 
the  head  of  radiant  caloric)  would  be  to  encreafe, 
to  about  eight  times,  the  energy  of  the  caloric 
radiated  from  the  furface,  the  fame  being  afcer- 
tained  by  the  effedl  of  the  refle£lion  of  radiated 
caloric  from  a diftant  concave  tin  refle£lor. 
The  bright  ball  a£tually  cooled  to  a given  point 
in  156  minutes,  whilll  the  painted  ball  cooled 


to  the  fame  point  in  only  81  minutes.  The 
difference  between  thefe  two  numbers  is  fuffi- 
ciently  ftriking,  but  very  far  lhort  of  what 
would  have  happened  had  the  lofs  of  heat  been 
occafioned  by  mere  radiation,  fince  the  effedl  of 
this  latter  is  eight  times  more  in  the  painted 
than  the  metallic  furface,  whereas  in  this  cafe 
it  is  only  about  double.  Therefore  when  a 
heated  fubftance  is  expofed  to  a free  atmofphere, 
though  as  much  at  reft  as  a clofe  room  and  an 
equal  temperature  will  eniure,  a large  portion 
of  the  cooling  effedl  is  to  be  attributed  to  the 
conducing  power  of  the  furrounding  air  and 
the  motion  excited  in  it  by  the  heated  body 
itfelf,  as  well  as  the  radial  ing  power. 

An  encreafe  in  the  motion  of  the  air  ftill  fur- 
ther illuftrates  this.  The  fame  bright  tin  ball,, 
and  another  fimilar  ball,  painted,  were  expofed 
in  the  evening  (when  the  heating  effedl  of  the 
atmofpherical  refledlion  would  be  fcarcely  felt 
more  on  the  black  than  the  metallic  furface)  to 
the  a£lion  of  a gentle  wind  out  of  doors  under 
perfedlly  fimilar  circumftances.  The  fame  lofs 
of  heat  as  in  the  former  experiment  was  now 
produced  in  the  bright  ball  in  44  minutes,  and 
in  the  painted  ball  in  35'.  A pretty  ftrong 
breeze  in  another  experiment  reduced  the  refpec- 
tive  times  to  23'  and  20$'.  A vehement  wind 
brought  them  ftill  further  down  to  9-5-'  and  9'. 
Thefe  comparative  experiments,  and  the  in- 
ferences deduced  from  them  by  calculating  the 
entire  range  of  cooling  on  the  fuppofition  of  an 
uniformly  equal  lofs  of  heat,  v point  out  two 
important  circumftances,  the  one,  that  the 
adlual  rate  of  cooling  is  molt  materially  affedled 
by  the  motion  of  the  air ; and  the  other,  that 
the  more  rapid  the  motion  of  the  air  is,  the 
lefs  is  the  comparative  effe£t  of  the  nature  of 
the  heated  furface  : or  in  other  words,  that  the 
proper  conducing  power  of  air  a£ts  apparently 
with  equal  energy  on  all  furfaces,  and  therefore 
by  abftra&ing  heat  fo  powerfully  it  uniformly 
dimiuifties,  and  finally  renders  almoft  infenfible 
the  peculiar  differences  of  the  radiating  procefs. 
The  above  experiments  will  be  better  feen  in  a 
tabular  form. 

An  equal  lofs  of  heat  was  experienced  by  the 
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bright  ball  in  156  and  by  the  painted  ball  in  81  (which  is  as  1000  : 519)  in  a clofe  room. 

- — - — 44 35  ( 1000  : 795)  in  a gentle  breeze. 

• 23 2o£  ( 1000  : 880)  in  a ftrong  breeze. 

9 s p ( x 000  : 947)  in  a violent  wind. 
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Where  the  temperature  of  the  heated  body  is 
much  above  that  of  the  cold  medium,  a fimilar 
eft'edt  is  produced  to  that  of  agitating  the  air, 
that  is,  in  tending  to  encreafe  and  at  the  fame 
time  to  equalize  the  rate  of  cooling  of  the  oppo- 
fite  furfaces  of  metal  and  paint.  In  fadt  an 
adtual  encreafe  of  agitation  in  the  air  is  thereby 
produced,  fince  the  operation  of  any  hot  body 
mult  be  to  caufe  a conftant  afeending  current 
of  hot,  and  therefore  light,  air,  in  proportion  as 
it  receives  caloric  by  contadf  with  or  proximity 
to  the  fource  of  heat ; confequently,  the  greater 
the  degree  of  pofitive  heat,  and  the  more  rapid 
will  be  the  current  of  air. 

It  is  alfo  obvious  that  the  fame  effedi  of  en- 
creafing  the  fucceffive  contacts  of  air  is  produced 
by  agitating  the  heated  body  in  Hill  air,  as  by 
agitating  the  air  againft  the  heated  body  when 
at  reft.  Hence  the  common  practice  of  haften- 
ing  the  cooling  of  any  fubftance  by  waving  it 
backwards  and  forwards,  and  it  appears  that 
the  refrigerant  power  of  air  is  always  (other 
circumilances  being  the  fame)  in  exadt  propor- 
tion to  its  velocity. 

The  conducing  power  of  air  is  diminilhed  by 
rarefaction,  fo  that  whatever  has  a tendency  to 
dilate  air,  proportionally  lelfens  its  power  of 
conveying  caloric.  This  diminution  proceeds 
regularly  till  a compleat  vacuum  is  formed, 
which,  as  already  mentioned,  is  a Hill  worfe 
conductor  of  heat  than  any  kind  of  air,  however 
dilated.  Every  fubftance  which  when  converted 
to  vapor  produces  a dilatation  of  the  air  with 
which  it  combines,  alfo  diminiflies  its  conduct- 
ing power.  Thus  alcohol,  ether,  and  even 
aqueous  vapor  diffufed  in  air  render  it  a worfe 
conductor  than  before.  On  the  other  hand,  a 
condenfation  of  air  obvioufly  encreafes  its  con- 
■duCting  power.  It  alfo  appears  that  many  of 
the  permanent  gaffes  have  their  peculiar  con- 
ducting power, w independent  of  extraneous 
vapour  or  dilatation. 

Much  remains  to  be  done  on  the  fubjeCt  of 
the  propagation  of  caloric  through  gafeous  bodies, 
and  the  experiments  neceffary  to  purfue  this 
inquiry  are  complex  and  difficult.  At  leaft 
four  diftinCt  calorific  aCtions  muft  be  prefent  in 
experiments  of  this  nature,  and  the  diftinCt 
power  of  each  muft  be  afeertained  before  any 
accurate  conclufions  can  be  drawn.  One  of 
thefe  is  the  radiation  of  caloric  from  every  heated 
furface  when  in  contaCt  with  air ; and  as  in  all 
experiments  veffels  muft  be  employed  to  confine 
the  air  examined,  and  thermometers  to  eftimate 
tiie  paffage  of  heat,  the  radiations  from  thefe 


folid  bodies,  and  the  propulfive  energy  belong- 
ing to  the  nature  of  their  furfaces  muft  be  fepa- 
rately  confidered.  Another  circumftance  to  be 
confidered  is  the  denfity  of  the  air  examined, 
and  its  degree  of  moifture,  both  of  which  affeCt 
the  paffage  of  heat.  A third  is  the  motion  of  the 
particles  of  air  produced,  even  in  clofe  veffels, 
by  the  partial  application  of  heat,  caufing,  as 
already  explained,  an  afeending  current  over 
the  heated  body,  of  more  or  lefs  velocity  accord- 
ing to  the  difference  of  temperature  between  it 
and  the  furrounding  medium.  Befides  thefe, 
it  is  probable  that  air  has  a proper  conducing 
power  diftinCt  from  its  conveying  power ; that 
is,  that  even  if  its  particles  could  be  kept  at 
reft  on  the  partial  application  of  heat,  caloric 
would  pafs  through  its  fubftance,  as  it  does 
through  a folid,  and  through  every  natural  body 
hitherto  known.  But  this  diftinCtion  between 
the  conducting  and  the  conveying  power  will 
be  more  clearly  pointed  out  in  the  following 
feCtion. 

Of  the  Conducting  Power  of  Water. 

In  examining  the  pi'opagation  of  caloric 
through  water,  radiation  is  totally  out  of  the 
queftion,  it  having  been  fully  proved  that  heat 
does  not  radiate  through  a denfe  liquid  medium. 
Neither  can  the  circumftance  of  rarity  or  denfity 
produced  by  external  preffure  fenfibly  affeCt  an 
inelaftic  fluid ; but  only  the  change  in  fpecific 
gravity  produced  by  the  Ample  addition  or  ab- 
ftraCHon  of  caloric.  The  enquiry  is  therefore 
much  Ampler  than  that  of  the  paffage  of  caloric 
through  an  aeriform  medium,  and  is  principally 
confined  to  thefe  two  objeCts,  namely,  the  ca- 
loric which  is  conveyed  through  a mafs  of  water 
by  the  afeent  of  the  hotter  particles,  and  the 
confequent  defeent  of  the  colder  ones  ; and  the 
caloric  which  is  conducted  through  water  in  any 
direction,  and  principally  downwards,  indepen- 
dant of  the  internal  motions  of  its  particles. 

A number  of  facts  of  daily  occurrence  (hew 
the  almoft  impoffibility  of  heating  water  or  any 
other  fluid  effedtually  by  applying  heat  on  the 
furface,  and  the  comparative  eafe  with  which 
it  receives  heat  from  the  bottom.  Thus  it  muft 
often  have  occurred  to  chemifts  to  obferve  in 
the  procefs  of  diftillation  with  a ftill  and  worm- 
pipe  palling  downwards  through  a tub  of  water 
in  a fpiral  diredlion,  that  the  upper  part  of  the 
water  which  is  in  contadt  with  the  hotteft  por- 
tion of  the  pipe  foon  becomes  fealding  hot  and 
continues  fo  for  a long  time,  whilft  the  lower 
part  of  the  fame  water  remains  cold  for  many 
hours.  But  this  principle  was  firft  more  dillinclly 
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examined  by  Count  Rumford,  whofe  beautiful 
experiments  on  the  propagation  of  heat  in  fluidsx 
rank  with  the  moll  ingenious  refearches  in  natu- 
ral philofophy. 

It  may  be  laid  down  as  a general  law,  that 
when  any  portion  of  a fluid  is  heated  above  the 
common  temperature  of  the  contiguous  mafs, 
the  hot  particles  immediately  expand,  and  in  fo 
doing  become  fpecifically  lighter  than  the  reft  ; 
and  therefore,  if  the  heat  is  applied  at  bottom, 
the  warmer  fluid  rifes  through  the  whole  mafs 
to  the  furface,  giving  ofF  however  on  every  fide 
a portion  of  its  excefs  of  heat  to  the  cooler 
liquid  during  its  paflage.  But  if  the  heat  is 
applied  at  the  furface,  the  upper  part  alone 
becomes  heated,  and  being  fpecifically  the  lighted: 
it  can  only  remain  at  the  furface,  and  never 
comes  in  contact  with  the  lower  part  of  the 
mafs,  and  conlequently  it  cannot  convey  or  carry 
caloric  to  it  as  in  the  former  cafe.  Many  ftriking 
experiments,  eafily  performed  and  perfectly 
convincing,  prove  that  this  is  by  much  the  prin- 
cipal method  in  which  fluids  become  heated  or 
cooled,  fo  that  for  all  general  purpofes  it  may 
be  aflumed  to  be  impoffible  to  propagate  heat 
downwards  or  cold  upwards  in  fluids  without 
the  afliftance  of  mechanical  agitation.  Were 
this  law  abfolute,  it  would  follow  that  fluids  are 
perfeft  non-conduElors  of  caloric,  fince  the  con- 
ducting power  implies  the  paflage  of  caloric 
through  fucceffive  particles  or  ftrata  of  bodies, 
and  not  the  conveyance  of  caloric  by  the  aflift- 
ance of  the  movements  of  the  heated  bodies 
themfelves. 

Many  are  the  experiments  that  fliew  the  car- 
rying power  of  heated  fluids  and  the  afcent  of 
the  heated  particles.  Thus  if  a quantity  of  hot 
water  is  poured  into  a jar  of  cold  water  through 
a long  funnel  touching  the  bottom  of  the  vefl'el, 
the  hot  water  will  rife  almoft  immediately  to 
the  top,  encreafing  the  temperature  of  the  whole 
mafs  in  its  paflage.  But  if  on  the  other  hand 
*old  water  is  poured  down  in-  the  fame  manner 
into  a veflel  of  hot  water,  it  remains  at  the 
bottom,  fcarcely  mixing  with  the  hot,  the  furface 
of  which  will  not  have  its  temperature  fenfibly 
lowered  for  a confiderable  time. 

The  melting  of  ice  under  different  circum- 
ftances  of  pofition  is  adduced  by  Count  Rumford 
as  a ftriking  illuftration  of  this  principle.  A 
piece  of  ice  v/as  fafhioned  fo  as  to  fill  pretty 
clofely  about  3^-  inches  in  diameter  of  a tall 
cylindrical  glals  jar.  Boiling  water  was  firft 
poured  into  the  jar,  and  when  nearly  full  the 
ice  was  dropped  in,  and  melted  on  the  furface 
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of  the  hot  water  in  2 minutes  58  feconds.  The 
experiment  was  then  repeated  with  this  differ- 
ence, that  the  ice  was  fivft  fixed  to  the  bottom 
of  the  jar  by  two  thin  flips  of  deal,  a very  fmall 
quantity  of  cold  water  poured  on  it  to  fill  the 
interfaces,  and  boiling  water  poured  upon  the 
whole.  In  this  laft  experiment  the  circum (lances 
were  fo  different  that  in  more  than  double  the 
time  in  which  the  former  ice  had  entirely  dis- 
appeared, the  latter  (hewed  not  the  leaft  difpo- 
fition  to  melt.  The  temperature  of  the  water 
being  taken  at  different  heights,  during  feveral 
intervals  for  two  hours,  it  was  found  that  in  all 
the  trials  the  bottom  of  the  water  (or  the  part 
immediately  refting  on  the  ice)  was  uniformly 
40°  but  near  the  furface  of  the  water,  or  feven 
inches  above  the  ice,  it  was  found  at  intervals 
of  from  15  to  30  minutes,  to  have  fallen  to 
1 6o°,  1 490,  1 3 1 °,  1 1 70,  and  at  the  end  of  two 
hours  to  108-5-°.  At  three  inches  above  the  ice 
the  temperatures  at  the  fame  periods  were  re- 
fpedfively,  159°,  148°,  128°,  n6°,  and  finally 
106°.  During  this  long  period,  at  the  end  of 
which  the  furface  of  the  hot  water  was  (till 
10 8°,  it  was  found  that  full  half  the  ice  remained 
unmelted,  fo  that  the  thawing  had  been  full 
eighty  times  flower  than  when  the  ice  was  at 
the  furface ; and  as  it  would  have  continued  to 
go  on  (till  flower,  many  hours  would  doubtlefs 
have  elapfed  before  the  whole  was  melted. 

This  leading  experiment,  without  entering 
into  the  particulars,  (hews  in  a mod  ftriking 
manner  the  effedf  of  fituation  in  heating  and 
cooling  fluids,  and  fully  proves  that  the  equal 
diffufion  of  heat  through  fluids  is  chiefly  owing 
to  the  carrying  power,  or  the  motions  occafioned 
by  the  inferior  fpecific  gravity  of  the  hotter 
compared  with  the  colder  part  of  the  fame  fluid. 

A fimilar  experiment  t,  but  (till  more  ftriking, 
is  the  adtual  boiling  of  water  over  the  furface 
of  ice  for  a length  of  time,  without  melting 
any  confiderable  portion  of  it ; and  in  a general 
way,  no  experiment  that  could  be  devifed  illuf- 
trates  more  remarkably  the  extreme  difficulty 
of  the  paflage  of  heat  downwards  through  denfe 
fluids.  It  is  thus  performed.  Take  a thin  long 
glafs  jar  or  tube  clofed  at  one  end,  fill  about 
three  inches  of  its  height  with  water,  and  freeze 
it  into  a very  folid  mafs,  faft  adhering  to  the 
bottom  of  the  jar.  This  is  done  by  immerfing 
the  jar  in  a 'mixture  of  fait  and  fnow,  till  the 
ice  within  is  quite  firm  and  hard.  Then  take 
it  out,  pour  on  the  ice  about  two  or  three  inches 
of  ice-cold  water,  and  wrap  the  outfide  of  the 
jar  with  feveral  folds  of  flannel  to  the  level  of 
Rtimford’s  Effays. 
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the  ice.  Hold  the  jar  by  the  end  fo  covered  at 
an  angle  of  about  45 °,  and  bring  that  part  of  it 
which  is  at  the  height  of  the  furface  of  the 
water  over  the  flame  of  a lamp  or  candle. 
When  the  furface  begins  to  boil,  flowly  raife 
the  tube  fo  as  to  heat  the  lower  part  of  the 
water,  and  thus,  by  avoiding  to  give  a direct 
heat  to  the  ice  itfelf,  the  whole  water  will  be 
feen  to  boil  within  a quarter  of  an  inch  of  the 
ice.  This  ebullition  may  be  continued  feveral 
minutes  before  any  fenfible  portion  of  the  ice 
will  be  melted,  except  a fmall  part  of  the  upper 
portion,  which  is  furtheft  from  the  flame,  and 
on  account  of  the  inclination  of  the  jar,  rifes 
above  the  level  of  the  bottom  of  the  water  •,  fo 
that  after  a time  the  furface  of  the  ice  is  brought 
by  melting  to  be  nearly  parallel  with  that  of  the 
water  above. 

If  a jar  be  ufed,  the  heat  of  an  Argand  lamp 
will  be  required;  and  then  a piece  of  wood  or 
pafteboard  fhould  be  interpol'ed  between  the 
cold  part  of  the  jar  and  the  glafs  chimney  of 
the  lamp. 

It  has  been  already  mentioned  that  light  fioc- 
culent  fubftances  inclofed  in  a ftratum  of  air, 
very  materially  retard  the  paflage  of  heat  through 
it,  probably  by  embarrafling  thofe  mutual  mo- 
tions of  the  hot  and  cold  particles  whereby  the 
heat  is  conveyed  from  place  to  place.  Count 
Rumford  alfo  found  a fimilar  effedt  to  take 
place  in  water  when  mixed  with  fubftances 
either  that  gave  it  vifcidity  by  diflolving  in  it,  or 
that  mechanically  thickened  it  without  aftual 
folution.  In  the  former  cafe  ftarch  was  em- 
ployed, in  the  latter  eider-down,  as  in  the 
experiments  on  the  conducing  power  of  air. 
The  general  refult  of  the  experiments  was  the 
following : when  pure  water  took  only  597 
feconds  to  heat  from  3 2°  to  200°,  a folution  of 
192  grains  of  ftarch  in  2276  parts  of  water, 
placed  in  precifely  fimilar  circumftances,  took 
1109  feconds  to  acquire  the  fame  degree  of 
heat;  and  a mixture  of  192  grains  of  eider-down 
diffufed  in  the  fame  quantity  of  water,  took  949 
feconds.  Applying  this  fa£t  to  culinary  pur- 
pofes  it  accounts  for  the  great  length  of  time  in 
which  thick  half-fluid  lubftances  retain  their 
heat. 

It  was  alfo  found  that  encreafing  the  quan- 
tity of  eider-down  in  a given  ftratum  of  air 
encreafed  the  obftacle  to  the  tranfmiflion  of 
heat ; and  in  like  manner  an  additional  quantity 
of  eider-down  in  water  encreafed  the  difficulty 
with  which  it  heated  and  cooled.  For  when 
pure  water  cooled  1680  degrees  in  597  feconds, 


water  with  of  its  bulk  of  eider-down  diffufed 
through  it  took  763  feconds,  and  with  -5*0  it 
required  as  much  as  949  feconds.  In  all  thefe 
cafes  it  was  neceflary  to  boil  the  eider-down 
with  the  water  to  detach  the  air  that  clings  to  it 
with  great  obftinacy. 

Fluids  therefore  acquire  and  lofe  heat  prin- 
cipally by  the  currents  which  always  take  place 
in  them  when  partially  heated,  the  warmer  part 
afcending,  and  of  courfe  the  colder  part  taking 
a contrary  direction : and  whatever  impedes 
thefe  motions  will,  proportionally  to  the  degree 
of  impediment,  hinder  the  tranfmiflion  of  heat 
through  the  fluid. 

This  important  and  beautiful  law  is  further 
illuftrated  by  a moft  happy  application  made  by 
Count  Rumford,  of  a remarkable  peculiarity 
that  obtains  in  the  fpecific  gravity  of  water  at 
the  lower  temperatures.  It  was  firft  noticed  by 
Mr.  De  Luc,  and  afterwards  examined  more 
particularly  by  Dr.  Blagden,  that  when  water 
at  a high  temperature  is  cooled,  its  denfity 
encreafes  gradually  (like  all  other  bodies  when 
lofing  heat)  to  about  the  temperature  of  40°, 
but,  from  this  point  to  320,  or  as  much  below 
as  it  can  be  cooled  without  freezing,  its  denfity 
actually  diminijhes : fo  that  juft  before  it  freezes  it 
is  confiderably  lighter  than  at  40°.  No  other 
fluid  in  nature  is  found  to  have  this  Angular 
variation  from  the  general  law,  and  it  is  even 
wanting  in  ftrong  faline  folutions.  Further 
experiments  have  fully  confirmed  this  dif- 
covery,  but  with  forne  little  modification  as 
to  the  precife  point  of  extreme  denfity,  the 
alteration  being  extremely  fmall  for  twro  or  three 
degrees  above  and  below  40°.  Mr.  Dalton  z 
makes  the  maximum  of  denfity  to  be  42-^,  and 
has  added  the  curious  fa£t  that  water  expands 
equally  at  any  equal  number  of  degrees  both 
above  and  below  this  point ; fo  that  the  fpecific 
gravity  of  water  at  3 2°,  which  is  10-j0  below  the 
maximum  of  denfity,  is  the  fame  as  that  of 
water  at  530,  which  is  io-g-0  above  the  maxi- 
mum. 

Count -Rumford  applies  this  principle  in  the 
following  way. a When  hot  water  is  poured 
upon  ice  frozen  to  the  bottom  of  a jar,  the 
water  on  the  furface  of  the  ice  immediately  is 
reduced  to  3 2°;  but  at  this  heat,  being  lighter 
than  water  a little  warmer,  it  rifes  into  the 
hotter  rnafs  above,  whilft  water  at  or  near  40® 
defcends  upon  ■ the  furface  of  the  ice.  This 
again,  by  the  further  melting  of  a frefh  portion 
of  the  ice  is  reduced  to  3 2°,  when  it  lofes  part 
of  its  fpecific  gravity  and  rifes  as  the  former 
1 E flays. 
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ftratum  did,  fending  down  at  the  fame  time  a 
frelh  portion  cooled  to  about  40°.  Thus,  what- 
ever be  the  heat  of  the  water  at  top  of  the  jar, 
the  ice  itfelf  is  only  a&ed  on  by  water  at  about 
40°,  for  only  at  this  denfity  can  it  link  through 
a ftratum  at  3 2° ; and  therefore,  as  long  as  an 
atom  of  ice  remains  unmelted,  this  afcent  of 
water  at  320  and  defcent  of  water  at  40°  muft 
take  place. 

Hence  it  is  inferred  that  as  much  ice  will  be 
melted  in  a given  time  by  fuperincumbent  water 
at  40°,  as  by  the  fame  quantity  of  boiling  water 
when  at  reft.  In  the  experiment  the  undulation 
caufed  by  the  pouring  in  the  water  muft  have 
fubfided  before  a fair  companion  can  be  made, 
and  then  it  was  actually  found  after  allowing 
for  accidental  irregularities,  that  full  as  much 
ice  was  melted  in  equal  times  by  the  cold  as  by 
the  hot  water,  however  paradoxical  it  may 
appear  at  firrt  fight.  Some  powerful  objections 
have  been  made  to  Count  Rumford’s  opinion  of 
the  non-condu£ting  power  of  water  when  at 
reft,  taken  absolutely;  but  there  can  be  no  doubt 
whatever  that  by  far  the  greateft  part  of  the 
tranfmiflion  of  caloric  through  fluids  is  made  by 
the  mutual  currents  of  the  hotter  and  colder 
part ; and  therefore  that  it  is  very  flowly  and 
with  extreme  difficulty  that  heat  can  be  made 
to  pafs  downwards  through  fluids,  the  Angle 
inftance  of  water  between  530  and  320  being 
excepted,  which  is  only  a confirmation  of  the 
fa£t. 

Before  we  mention  the  objections  to  the 
opinion  of  the  abfolute  non-condu£ting  power 
of  water,  we  cannot  refill;  inferting  the  beauti- 
ful fuggeftion  attempted  by  the  fame  ingenious 
philofopher,  of  the  final  caufe  of  this  Angular 
difference  in  the  common  law  of  regular  con- 
denfation  by  cold,  which  occurs  in  water  and 
no  other  fluid  in  nature,  and  only  when  ap- 
proaching to  within  a few  degrees  of  the  freezing 
point.  The  dire£t  operation  of  this  law  is  to 
retard  congelation,  and  to  preferve  a moderate 
temperature  in  all  natural  freffi  waters  during 
the  fevereft  cold,  whereby  it  appears  that  the 
lives  of  a vaft  number  of  its  fubaqueous  inhabit- 
ants are  preferved,  and  an  opportunity  is  af- 
forded to  man  and  other  animals  to  procure  in 
the  coldeft  feafons  this  neceffary  element.  The 
earth  being  always  warmer  in  fevere  froft  than 
the  air,  the  cooling  of  the  waters  on  the  face  of 
the  earth  muft  of  courfe  begin  from  its  upper 
furface,  which  is  expofed  to  the  cold  atmof- 
phere.  Therefore,  when  an  intenfe  cold  air 
Sweeps  over  a piece  of  water  (a  freffi-water  lake 
fax  example)  the  furface  as  it  cools  becomes  of 


courfe  of  greater  denfity  and  finks  down,  giving 
place  to  the  warmer  ftratum  below  to  come  to 
the  furface.  This  in  its  turn  becomes  cooled 
and  denfer,  and  again  fubfides  to  give  room  to 
the  next  ftratum.  Thus  the  whole  mafs  is  firft 
cooled  to  the  point  of  extreme  denfity,  that  is 
about  420.  But  if  this  point  were,  like  other 
fluids,  the  inftant  before  freezing,  the  water 
would  cool  to  3 2°  uniformly,  after  which  (the 
external  cold  ftill  continuing  much  below  that 
point)  the  next  ftep  would  probably  be  a fudden 
congelation  of  the  whole  body  of  ice-cold  water. 
But  as  the  denfity  of  water  diminilhes  from  420 
to  the  freezing  point,  no  further  finking  of  the 
colder  and  rife  of  the  warmer  ftrata  can  take 
place,  fo  that  the  upper  ftratum  alone  now 
receives  the  whole  of  the  chilling  aCtion  of  the 
air,  and  there  remains  till  it  is  converted  into  a 
cruft  of  ice,  the  water  beneath  being  all  the 
while  about  420.  When  ice,  it  is  ftill  a worfe 
condu&or  of  heat  than  water  at  reft,  and  thus 
it  long  interpofes  between  the  cold  of  the  air  and 
the  warm  water  beneath,  befides  that  it  protects 
it  from  the  extreme  chilling  effeCt  of  fweeping 
winds  ; and  it  muft  be  very  flowly,  ftratum  after 
ftratum,  that  the  procefs  of  congelation  can 
proceed  downwards  through  a confiderable 
depth  of  water. 

On  the  other  hand  the  fame  circumftance 
contributes  to  haften  the  thawing  of  ice  in  a 
warm  atmofphere.  If  this  peculiarity  did  not 
occur,  and  if  water  at  reft  were  an  abfolute 
non-condu£lor  of  heat,  it  would  be  impoffible 
that  a mafs  of  ice  Should  ever  thaw  except  by 
the  flow  and  circuitous  paffage  of  heat  upwards 
through  the  earth.  For  the  firft  effeCt  of  the 
warm  air  would  be  to  thaw  a thin  ftratum  on 
the  furface  of  the  ice,  which  if  it  were  (as  in 
other  liquids)  lighter  than  the  cold  furface  that 
touched  the  ice,  would  only  remain  at  reft  on 
the  fpot  in  which  it  was  thawed,  and  would 
tranfmit  no  heat  whatever  to  the  ice  below. 
Whereas,  as  it  actually  happens,  the  thawed 
furface  with  the  firft  additional  heat  that  it 
acquires,  becomes  heavier  inftead  of  lighter,  and 
of  courfe  finks  to  the  furface  of  the  yet  un. 
thawed  ice,  imparts  to  it  its  excefs  of  heat,  and 
again,  becoming  lighter  thereby,  returns  to  the 
air,  to  acquire  a frclh  portion  of  heat  which  it 
again  carries  down.  Thus  a conftant  circulation 
of  alternately  warmer  and  colder  water  goes  on 
above  the  ice  till  it  is  all  thawed,  and  all'o  pro- 
ceeds further  downwards  till  the  temperature  of 
the  whole  water  riles  to  about  420 ; after  which 
the  ufual  law  of  expanfion  by  heat  is  refumed;, 
for  all  the  higher  temperatures. 
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Experiments  were  alfo  made  by  Count  Rum- 
ford  to  determine  whether  heat  could  be  propa- 
gated downv/ards  through  oil  and  mercury. 
Thefe  fluids  being  uniformly  dilated  with  any 
encreafe  of  heat  from  any  temperature  at  which 
they  remain  uncongealed,  no  luch  precautions 
were  neceffary  as  when  water  near  the  freezing 
point  was  ufed.  The  apparatus  ufed  was  a cake 
of  ice  frozen  to  the  bottom  of  a jar,  with  a 
projecting  point  or  nipple  at  the  furface : this 
was  entirely  covered  with  the  oil  or  the  mer- 
cury, and  a folid  cylinder  of  iron  heated  in 
boiling  water  was  let  down  through  the  oil  or 
mercury  to  within  Ta„  of  an  inch  of  the  nipple 
of  ice.  Though  the  heated  iron  was  fo  near  it, 
no  fenfible  quantity  of  ice  was  melted ; and  as 
all  the  motions  produced  in  'the  fluid  by  the 
unequal  heating  took  place  a little  above  the 
level  of  the  ice,  it  {hewed  that  the  communi- 
cation of  heat  through  the  fluids  could  only  be 
made  by  means  of  heated  currents,  and  there- 
fore could  not  properly  be  conducted  through 
them. 

Though  thefe  very  curious  experiments  fliew 
inconteftibly  that  the  heating  and  cooling  of 
fluids  is  chiefly  carried  on  by  means  of  the  cur- 
rents into  which  they  are  thrown  when  heat  is 
partially  communicated,  there  is  very  ftrong 
evidence  from  fubfequent  experiments  that  this 
is  not  the  only  way  in  which  caloric  is  propa- 
gated through  them  ; or  in  other  words,  that 
fluids  are  not  abfolute  non-conduCtors  of  heat, 
though  they  are  certainly  very  bad  conductors. 

The  aCtual  motion  of  the  currents  of  dif- 
ferently heated  particles  in  any  mafs  of  fluid, 
has  been  attempted  to  be  fhewn  in  different 
methods.  One  of  them,  which  was  adopted  by 
Count  Rumford,  is  to  fufpend  in  the  fluid 
minute  particles  of  any  opake  folid  fubftance 
reduced  to  powder,  which  is  not  chemically 
added  on  by  the  fluid,  and  whofe  fpecific  gravity 
is  fo  nearly  the  fame  as  that  of  the  fluid  in  which 
it  is  immerfed  that  it  will  rife  or  fall  merely 
with  the  currents.  Amber  is  a little  heavier 
than  pure  water,  but  if  a fmall  quantity  of  car- 
bonat  of  potafh  or  any  other  fait  be  added,  it 
may  eafdy  be  brought  to  the  requifite  denfity, 
and  no  chemical  aCtion  takes  place  between  the 
two. 

When  a glafs  jar  thus  filled,  and  the  fluid 
cold,  is  immerfed  in  another  large  jar  containing 
very  hot  water,  the  particles  of  amber  which 
before  were  at  reft  in  every  part  of  the  water, 
immediately  begin  to  fall  into  regular  currents, 
and  all  that  are  near  the  fides  of  the  jar,  being 
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the  neareft  to  the  hot  water  on  the  outfide, 
begin  inftantly  to  afeend  with  great  rapidity  and 
regularity,  whilft  of  courfe  a defending  current 
is  formed  in  the  centre  of  the  jar.  This  con- 
tinues, but  with  diminifhing  velocity,  till  the 
whole  of  the  water  in  the  inner  jar  is  brought 
nearly  to  the  fame  temperature,  when  the  par- 
ticles again  remain  at  reft.  If  the  procefs  is 
reverfed,  and  the  jar  now  hot  is  immerfed  in 
cold  vyater,  or  even  Amply  expofed  to  cold  air, 
the  currents  now  run  exactly  in  a contrary 
direction,  the  outer  circumference  cooling  firft, 
and  forming  a defeending  ftream,  whilft  the  inner 
cylinder  of  water  of  courfe  afeend s ; and  thefe 
currents  again  continue  till  the  temperature  is 
equalized  through  the  whole  jar. 

This  moft  entertaining  experiment,  though  it 
correfponds  very  well  in  form  with  what  actually 
takes  place  in  the  water  itfelf,  differs  eifentially 
in  degree ; for  the  rapidity  of  the  motion  of  the 
amber  particles  is  much  beyond  what  would  be 
required  to  account  for  the  actual  rate  of  heat- 
ing or  cooling  in  the  water  itfelf.  Therefore, 
much  of  the  effeCt  is  owing  to  the  expanfion  or 
condenfation  of  the  amber  itfelf,  rendering  it 
lighter  or  heavier  than  the  liquor  in  which  it  is 
immerfed ; and  thefe  refpeCtive  currents  of  the 
floating  particles  muft  be  confidered  only  as  an 
imitation,  or  rather  an  exaggerated  reprefenta- 
tion  of  what  aCtually  takes  place  in  the  water. 
This  was  very  fatisfaCtorily  proved  by  Dr. 
Thompfon,b  who  repeated  the  experiment  nearly 
in  the  fame  way,  but  with  the  ingenious  con- 
trivance of  colouring  blue  the  lower  half  of  the 
liquor,  and  leaving  the  upper  part  uncoloured. 
On  applying  heat  at  the  bottom,  the  amber  par- 
ticles were  readily  fet  in  motion,  and  they  rofe 
not  only  to  the  top  of  the  blue  part,  but  through 
this  into  the  colourlefs  portion,  •without  being 
accompanied  by  any  of  the  coloured  folution , which 
of  courfe  would  have  been  readily  vifible.  By 
continuing  the  heat  for  ten  minutes,  the  two 
liquors  did  indeed  become  uniformly  mixed,  but 
the  motion  of  the  amber  particles  began  almoft 
immediately  on  applying  heat,  and  were  fully 
eftabliflied  through  the  whole  of  both  liquors 
before  the  colour  had  fpread  upwards  in  any 
fenfible  degree. 

Hence  it  follows,  that  the  only  fatisfaCtory 
way  of  rendering  the  currents  of  the  water  itfelf 
vifible,  is  by  tinging  a part,  and  then  the  gradual 
admixture  of  colour  can  only-  be  brought  about 
by  the  aCtual  admixture  of  the  different  particles 
of  the  fluid  itfelf. 

To  prove  the  real  conducting  power  of  water, 

vol.  i.  8 vo. 


CAL 


CAL 


( 200  ) 


or  the  paflage  of  heat  through  it,  unaccompanied 
.by  ■correfponding  currents,  very  fatisfaClory  ex- 
periments have  been  made  by  Dr.  Thompl'on,  c 
Mr.  Dalton,  d and  Mr.  Murray.  c All  of  them 
proceed  on  the  general  principle  of  endeavouring 
to  communicate  caloric  in  a direction  contrary 
to  that  of  the  currents  which  are  excited  in 
partially  heated  fluids.  In  many  of  them  a veflel 
was  filled  with  water  unequally  heated,  in  which, 
during  the  procefs  of  cooling,  no  alteration  of 
fpecific  gravity  could  make  any  current ; and  as 
notwithflanding,  the  temperature  of  the  water 
in  the  different  parts  of  the  veflel  gradually 
became  equal,  it  was  inferred  that  water  (or 
whatever  was  the  fluid  ufed)  poflefled  a real 
conducing  power. 

To  fulfil  thefe  conditions,  either  a hot  liquid 
mufl  be  put  upon  a ftratum  of  the  fame  liquid 
cold,  or  a hot  liquid  of  greater  fpecific  gravity 
mufl  be  put  at  the  bottom,  and  a cold  liquid  of 
iefs  gravity  at  the  top.  In  either  cafe  there  can 
be  no  current  from  one  to  the  other.  The  par- 
ticulars of  thefe  and  other  fimilar  experiments 
need  not  be  related ; in  all  there  was  a gradual 
equalization  of  the  temperature,  but  not  till  a 
•confiderable  time  had  elapfed. 

Some  nicety  of  management  is  required  in 
pouring  one  liquor  down  a tall  jar  on  the  fur- 
face  of  another  liquor  without  mixing  the  two 
''in  any  material  degree.  To  do  it  in  the  mofl 
expeditious  and  bell  way,  a thin  wooden  float 
fhould  firft  be  let  down  on  the  lower  liquid  and 
the  ftream  of  the  upper  liquid  direCled  upon  it, 
which  will  break  the  force  of  the  current,  and 
keep  the  two  fo  much  feparated,  that  if  only 
!bne  be  coloured,  the  line  of  diflinCtion  will  be 
Obvious,  and  pretty  well  defined. 

As  caloric  cannot  radiate  through  denfe  fluids, 
if  it  pafl'es  through  them  without  the  afliflance 
of  currents  (that  is,  without  being  conveyed ),  it 
mufl  be  conducted  through,  unlefs  it  is  com- 
municated through  the  fides  of  the  veflel  that 
mufl  be  ufed  to  make  the  experiment.  This 
has  generally  been  of  glafs,  which  is  itfelf  a bad 
conductor  of  heat ; but  flill  it  cannot  be  denied 
that  where  one  part  of  the  fame  veflel  confines 
a hot  and  the  other  part  a cold  fluid,  the  varying 
quantities  of  heat  abforbed  by  the  veflel  itfelf 
mufl  after  a time  be  equalized  by  the  conducing 
power  which  folids  indifputably  pofl’efs,  and  a 
confequent  equalization  of  temperature  mufl 
fooner  or  later  take  place  in  their  contents  by 
this  caufe  alone,  even  were  no  other  to  operate. 
In  thofe  of  the  above  experiments  that  lafled 
many  minutes,  even  as  much  as  one  or  two 
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hours,  a very  large  deduction  mufl  be  made  for 
the  conducing  power  of  the  veflel,  but  a beau- 
tiful experiment  of  Mr.  Murray’s,  made  in  a 
veffel  of  ice  (and  therefore  a perfect  non-con- 
ductor for  all  temperatures  above  320,  whilfl  it 
continued  to  be  ice),  thews  a conducting  power 
in  fluids  independent  of  the  veflel  containing 
them.  f Some  of  the  particulars  may  be  men- 
tioned. A quantity  of  water  was  frozen  in  a 
tin  mould,  fo  as  to  form  a hollow  cylinder  3 
inches  in  diameter,  3-j-  in  depth,  and  of  i^-  thick- 
nefs  of  ice.  A thermometer  was  introduced 
into  it  horizontally,  at  the  depth  of  one  inch, 
the  bulb  being  in  the  axis  of  the  cylinder,  and 
was  frozen  in.  A quantity  of  almond  oil  was 
then  poured  into  the  ice  veflel,  fo  as  to  cover 
the  bulb  of  the  thermometer  one  quarter  of  an 
inch.  A fmall  flat-bottomed  iron  cup,  holding 
two  ounces  by  meafure,  was  then  fufpended 
over  the  oil,  fo  as  merely  to  touch  the  furface, 
without  dipping  to  any  fenfible  depth.  This 
cup  was  then  filled  with  boiling  water ; fo  that 
the  heat  pafling  through  its  bottom  would 
direCtly  touch  only  the  furface  of  the  oil,  which 
was  a quarter  of  an  inch  above  the  thermometer 
bulb.  Thus  fituated,  if  the  thermometer  rofe, 
it  fhewed  that  the  heat  mufl  have  been  fairly 
conduCled  downwards  through  this  depth  of  the 
ice-cold  oil,  for  the  fides  of  the  veflel  being  ice 
could  not  have  conveyed  it,  nor  would  any 
heated  currents  reach  fenCbly  lower  than  the 
bottom  of  the  heated  cup.  The  mercury  rofe 
from  320  to  32f  in  a minute  and  a half,  and  to 
37-j  in  five  minutes,  after  which  it  remained 
flationary  for  a while  and  then  gradually  funk 
again  to  3 20.  The  effeCt  of  the  heat  had  exca- 
vated a portion  of  the  top  of  the  ice  veflel,  and 
even  as  low  as  the  bottom  of  the  thermometer 
bulb.  The  fame  experiment  was  repeated,  fub- 
flituting  mercury  to  the  almond  oil,  and  the 
iron  cup  was  now  allowed  to  float  on  the  fur- 
face of  the  mercury,  but  flill  at  a fenfible  dis- 
tance from  the  thermometer.  This  rofe  inflantly 
on  the  pouring  the  boiling  water  into  the  cup, 
from  32°  to  36°,  and  again  flowly  funk  to  the 
freezing  point. 

Each  of  thefe  experiments  were  repeated  with 
different  heights  of  fluid  over  the  thermometer, 
and  in  all,  fome  rife  of  the  thermometer  was 
obfervable,  though  when  covered  with  one  inch 
of  mercury  it  amounted  to  no  more  than  three- 
fourths  of  a degree. 

Having  thus  related  the  principal  faCls  con- 
cerning the  paflage  of  heat  through  folids,  liquids, 
and  gaffes,  in  its  radiated  and  conduded  flates, 
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before  its  chemical  combinations  are  noticed, 
fome  further  obfervations  may  be  added  con- 
cerning the  expanfion,  which  invariably  attends 
an  encreafe  of  the  quantity  of  caloric  in  every 
fubftance  in  nature,  in  the  circumftances  above 
mentioned. 

Of  Expanfion. 

It  is  by  the  expanfion  which  fluids  undergo 
when  heated  that  the  encreafe  or  diminution  in 
the  quantity  of  fenfible  caloric  in  any  body  is 
ufually  meafured.  This  is  done  by  the  Ther- 
mometer. How  far  this  inftrument  applies 
will  be  mentioned  in  the  next  fettion  when 
treating  of  combined  caloric. 

The  expanfion  of  feveral  fluids  has  been 
meafured  with  confiderable  accuracy,  and  the 
peculiarity  that  takes  place  in  the  expanfion 
of  water  at  low  temperatures  has  been  noticed. 
This  fingular  fa£t,  firft  accurately  afcertained 
by  Mr.  De  Luc,  and  afterwards  by  Dr.  Blagden, 
has  been  further  illuftrated  by  Mr.  Dalton,  f 
who  has  (hewn  that  water  expands  equally  at 
equal  degrees  above  or  below  its  maximum  of 
denfity.  The  experiments  were  made  by  filling 
a thermometer  tube  with  water,  and  immerfing 
it  in  water  of  known  temperatures,  or  in  dif- 
ferent freezing  mixtures,  ufing  a good  mercurial 
thermometer  as  a ftandard.  It  has  been  men- 
tioned that  the  maximum  of  denfity  is  fome- 
where  about  40°  to  430,  but  the  difference  of 
expanfion  for  two  or  three  degrees  above  or 
below  41°,  is  fo  fmall  as  fcarcely  to  be  cog- 
nizable. Mr.  Dalton  eftimates  the  maximum 
at  42-5-,  and  finds  that  water  inclofed  in  a 
thermometer  bulb,  may  be  cooled  not  only  to 
about  210  (as  Dr.  Blagden  had  difcovered)  but 
even  as  low  as  50  or  6°  without  freezing.  When 
aftually  cooling  below  42-5- °,  the  water  rifes  on 
the  fcale,  and  exa£tly  in  correfpondence  with 
equal  diftances  above  42-5-,  fo  that  for  example 
when  the  liquor  Hands  at  63°  of  the  fcale,  it  is 
impoffible  to  tell  by  mere  infpe&ion,  whether 
it  is  a&ually  63°  (20°  above  the  maximum  of 
denfity)  or  22-5- 0 (20°  below  the  maximum). 

A great  difference  takes  place  in  the  expanfion 
of  different  liquids  by  equal  quantities  of  heat. 
This  is  not  apparently  connected  with  their 
fpecific  gravity,  but  as  Dr.  Thompfon  £ fuggefts 
it  feems  to  depend  on  the  degree  at  which  the 
liquid  boils,  thofe  liquids  having  the  greateft 
expanfion  whofe  boiling  points  are  the  loweft. 
Thus  mercury  expands  with  a given  temperature 
much  lefs  than  water,  whofe  boiling  point  is 
much  lower ; and  water,  again,  expands  lefs 
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than  alcohol,  which  boils  at  a lower  tempera- 
ture. So  that  as  a general  rule  it  may  be  laid 
down  that  the  expanfibility  of  liquids  is  in  fome 
proportion  inverfely  as  their  boiling  points. 

Another  important  circumftance  concerning 
the  expanfion  of  liquids  is  that  they  all  expand 
more  with  equal  additions  of  heat  at  the  higher 
than  the  lower  temperatures.  This  variation  is 
not  very  uniform,  nor  is  the  law  of  the  encreafe 
in  all  cafes  very  obvious.  In  water,  however, 
the  encreafe  at  the  higher  temperatures  nearly 
correfponds  with  the  fquares  of  the  natural 
numbers.  Thus,  if  the  original  bulk  of  water 
be  affumed  as  10000,  the  expanfion  at  824° 
may  be  taken  at  the  fquare  of  6 or  (36),  and 
that  of  every  ten  degrees  above  82.-5-  will  be 
fuccefiively  nearly  as  follows  : at  9 2 \°=ri'  (49): 
at  102-5- ^r8 1 (64):  at  U24°=9'  (81):  and  fo 
on,  according  to  the  fquares  of  the  natural 
numbers.  Owing  to  the  peculiarity  in  the 
expanfion  of  water,  juft  mentioned,  the  fame 
rate  of  expanfion  will  alfo  apply  to  the  defend- 
ing fcale  of  heat,  at  like  diftances  from  424-°, 
as  long  as  it  can  be  preferved  unfrozen.  M.  De 
Luc  has  clearly  pointed  out  how  this  encreafing 
expanfion  of  fluids  in  the  higher  temperatures 
throws  an  unavoidable  error  on  the  common 
conftrudfion  of  the  thermometer,  the  fcale  of 
which  always  fuppofes  equal  expanfion,  and  of 
which  the  degrees  divide  equal  fpaces  in  the 
tube.  Thus  if,  as  is  commonly  done,  two  dif- 
tant  points  of  the  fcale  are  firft  marked  (that  of 
freezing  and  boiling  water  for  example)  and  the 
fcale  is  then  divided  into  1800  equal  fpaces,  it  is 
obvious  that  90°  degrees  from  the  freezing  point, 
or  half  this  fpace,  will  not  exa&ly  indicate  half 
the  entire  expanfion  of  the  mercury  from  thefe 
two  points,  but  the  lower  half  of  the  fcale  will 
be  too  large,  and  the  upper  too  fmall.  The  real 
medium  of  temperature  would  be  at  1 18.85° 
the  common  fcale,  or  86.85  degrees  above  32°, 
the  freezing  point. 

By  experiments  on  other  fluids,  M.  De  Lue 
found  this  difference  to  be  greater,  as  will  be 
feen  by  the  following  table.  The  fcale  of 
Reaumur’s  thermometer  was  ufed,  which  divides 
the  interval  between  freezing  and  boiling  water 
into  80  degrees.  The  mean  number  is  there- 
fore, by  the  fcale,  40°,  but  the  real  mean  of 
expanfion  exprefled  in  the  firft  column  is,  in  all 
the  fubftances  examined,  lower  than  this  point* 
The  fecond  and  third  column  of  numbers  ex- 
preffes  the  proportion  between  the  higher  and 
lower  parts  of  the  fcale  of  expanfion. 
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Mercury  - - - - 38.6 

Olive  and  linfeed  oil  - 37.8 

Oil  of  camomile  - - 37.2 

Water  faturated  with  fait  34.9 
Alcohol  -----  33.7 
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Mercury  is  however  the  moft  uniform  in  its 
expanfion  for  equal  quantities  of  heat,  of  any 
fluid  known,  and  doubtlefs  chiefly  for  the  reafon 
already  mentioned,  namely,  that  its  boiling  point 
is  higher  than  other  fluids.  Hence  its  peculiar 
advantage  in  the  conftruddion  of  thermometers , 
under  which  article  the  expanfion  of  fluids  will 
be  further  noticed. 

The  expanfion  of  folids  is  much  lefs  than 
that  of  fluids  or  gafles,  and  is  fo  fmall  that  it 
cannot  be  accurately  obferved  without  a micro- 
meter, and  mechanical  contrivances  of  unequal 
levers  for  fucceflively  multiplying  the  effect. 
Thefe  machines  are  called  pyrometers , and  that 
invented  by  Mr.  Smeaton  is  efteemed  one  of 
the  moft  perfect  and  accurate.  A pyrometer 
of  platina  has  been  attempted  by  Guyton,  h to 
meafure  the  higher  degrees  of  heat.  It  confifts 
of  a bar  of  this  metal  enclofed  in  a groove  of 
highly  burnt  clay,  and  with  a complicated  index 
at  one  end,  whereby  an  expanfion  amounting 
to  not  more  than  about  a five-thoufandth  of  an 
inch  is  clearly  ascertained.  The  expanfion  of 
folids  appears  to  be  pretty  equable  for  equal 
quantities  of  heat. 

Gafles  and  gafiform  vapors  expand  very  largely 
by  heat,  much  more  fo  than  folids  or  fluids. 
The  dilatation  of  air  is  {hewn  very  ftrikingly  by 
the  manometer  or  air  thermometer  as  it  is  Some- 
times termed,  which  confifts  Amply  in  confining 
air  in  a bulb  of  glafs  by  a column  of  coloured 
liquor  that  fills  the  tube  communicating  witli  it. 
On  changing  the  temperature  of  the  air  in  the 
bulb  in  any  degree,  however  flight,  the  con- 
fequent  expanfion  or  contraction  is  immediate- 
ly feen  by  a confiderable  fall  or  rife  of  the 
coloured  liquor.  But  as  the  extreme  elafticity 
of  air  caufes  it  alfo  to  be  enlarged  or  contracted 
by  a diminifhed  or  encreafed  preffure  of  the 
atmofphere,  a barometrical  correction  on  this 
account  is  always  requifite  in  manometrical 
experiments. 

In  all  chemical  experiments  on  which  the 
quantity  of  gafles  is  to  be  eftimated,  the  tem- 
perature at  the  time  of  meafuring  them  mu  ft  be 
taken  into  the  account,  and  proper  corrections 
made  when  this  exceeds  or  falls  fliort  of  the 
ftandard  of  comparifon.  Thus  1000  parts  of 
common  air  at  220 , expand  to  ioc8  at  6o°,  and 
to  1104  at  82°. 


A great  number  of  experiments  have  been 
made  by  different  perfons  to  afcertain  the  expan- 
fion of  air  by  heat,  as  it  is  a fubject  intimately 
connected  with  many  phyfical  observations,  and 
in  particular  with  all  barometrical  experiments. 
When  the  natural  atmofphere  is  examined,  the 
quantity  of  water  which  it  holds  in  Solution  moft 
efientially  modifies  the  expanfibility,  and  in  low 
temperatures  much  of  the  aqueous  vapour  which 
it  held  in  Solution  is  deftroyed  and  Separated  in 
a liquid  form.  This  vapour  may  be  almoft 
entirely  Separated  from  air  by  Several  chemical 
means,  Such  as  putting  the  air  in  contact:  with 
fulphuric  acid,  or  Solid  potafh,  which  have  fo 
ftrong  an  affinity  with  water  as  to  extrat  it 
from  the  air  that  holds  it  in  Solution. 

From  late  experiments  by  Mr.  Dalton  in 
England,  and  M.  Gay  Lufl'ac  in  France,  both 
of  which  bear  the  mark  of  great  accuracy,  and 
correfpond  very  clofely  with  each  other,  the 
very  important  and  convenient  inference  is  de- 
duced, that  all  gafles  expand  equally  by  equal 
degrees  of  heat,  provided  they  be  free  from 
condenfable  vapour  at  the  temperatures  at  which 
the  experiments  are  made.  Hence  a table  of 
the  expanfion  of  any  one  gas  will  apply  to  all 
the  reft. 

Gaffes  alfo  appear  to  expand  pretty  equally 
for  equal  degrees  of  heat,  and  not  in  an  encreaf- 
ing  ratio,  like  water  or  other  denfe  fluids.  Indeed 
the  thermometer  indicates  a contrary  rate  of 
expanfion,  that  is,  one  that  regularly  diminiffies 
as  the  temperature  encreafes  but  Mr.  Dalton 
very  acutely  fuggefts  that  this  anomaly  is  in  all 
probability  only  owing  to  the  inaccuracy  of  the 
thermometer  itfelf,  which  from  its  being  divided 
into  equal  degrees,  is  not  a perfectly  accurate 
meafure  of  equal  expanfions  in  the  higher  tem- 
peratures, for  the  reafon  already  mentioned : 
and  the  effet  of  the  inaccuracy  in  this  inftru- 
ment  is  to  give  to  a really  equal  expanfion  the 
appearance  of  a diminishing  ratio.  The  experi- 
ments on  the  expanfion  of  aeriform  bodies  will 
be  given  under  the  article  Gas. 

The  only  apparent  exceptions  to  the  general 
law  of  the  expanfion  of  all  bodies  by  heat  are, 
the  regular  contraction  of  baked  clay  in  en- 
creafing  degrees  of  heat,  on  the  one  hand,  and 
on  the  other  the  great  expanfion  which  many 
liquids  undergo  in  the  add  of  congelation.  With 
regard  to  the  former  it  will  be  further  explained 
under  the  article  Pyrometer  (Wedgewood's.) 

The  degree  of  expanfion  which  water  under- 
goes by  congelation  is  very  confiderable,  and 
its  force  is  one  of  the  moft  (if  not  the  moft) 
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prodigious  of  any  of  the  fpontaneous  aclions  of 
natural  bodies.  If  a block  of  ice  fwimming  in 
water  may  be  eftimated  to  rife  about  one-lixth 
of  its  bulk  above  the  furface  of  the  water,  five 
parts  of  water  by  weight  would  occupy  about  the 
lame  bulk  as  fix  of  ice.  The  force  of  expan- 
fion  was  long  known  to  be  fuch  as  to  burft  any 
yeffel  in  which  water  was  fet  to  freeze,  if  filled 
full ; and  by  Major  Williams’s  experiments  at 
Quebec,  this  force  was  found  in  intenfe  cold  to 
be  able  to  burft  very  large  pieces  of  ordnance. 
For  the  particulars  of  thefe,  fee  the  article 
Freezing. 

Some  of  the  metals  expand  on  their  con- 
gelation or  fixation.  Iron  is  of  this  kind,  and 
hence  the  unmelted  metal  will  fvvim  on  the  fur- 
face  of  the  melted  ; whereas  filver,  lead,  and 
many  others,  contract  on  cooling,  and  therefore 
fink  in  a melted  mafs  of  the  fame  metal.  The 
chief  caufe  of  this  expanfion  in  water,  metal, 
and  in  an  infinite  number  of  faline  and  other  fo- 
lutions,  when  palling  from  the  fluid  to  the  folid 
ftate,  appears  without  doubt  to  depend  on  the 
new  arrangement  of  particles  produced  by  the 
cryjlallization , but  the  fubje£t  is  ltill  very  obfeure. 
However  it  does  not  in  the  leaft  invalidate  the 
general  law  of  expanfion  by  heat,  fince  thefe 
lame  fubllances  when  folid  are  expanded  and 
contra£led  as  before  by  gain  or  lofs  of  caloric. 

Of  Combined  or  Latent  Caloric. 

In  the  two  preceding  fe£tions  of  radiated  and 
conduced  caloric,  heat  has  been  confidered 
only  in  that  Hate  of  freedom  or  of  loofe  com- 
bination in  which  it  exifts  in  its  pafiage  through 
folids,  fluids,  and  gaffes.  This  is  properly  the 
caloric  of  temperature , or  that  whereby  the  equi- 
librium of  temperature  is  conftantly  kept  up  in 
all  bodies  in  nature ; and,  as  has  been  amply 
(hewn,  no  fubftance,  whatever  difficulty  caloric 
finds  in  permeating  it,  -can  abfolutely  detain  it 
or  prevent  its  paflage.  Perhaps  the  term  of 
tenfion  of  caloric,  adopted  by  Prevoft,  Pi£let, 
and  fome  other  writers,  will  exprefs  with  more 
exa&nefs  the  idea  which  may  be  formed  of  this 
ftate  of  caloric.  This  is  meafured  by  the  ther- 
mometer, that  is  by  a very  fmall  mafs  of  matter 
(generally  mercury)  extremely  permeable  by 
heat,  which,  when  put  in  contact  with  the  fub- 
ftance examined,  readily  acquires  the  fame  ten- 
fion of  heat,  without  leflenmg  the  acftual  quan- 
tity in  any  fenfible  proportion  by  what  it  abforbs, 
and  furnifhes  a comparative  fcale  of  temperature 
by  the  expanfion  which  it  undergoes.  That  the 
thermometer  does  not  meafure  the  a£tual  quan- 
tity of  caloric  is  evident  from  the  circumftance 
that  it  gives  the  fame  indication  immerfed  in  a 
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large  as  in  a fmall  mafs  of  matter,  Thus  it  is 
obvious  that  two  pounds  of  boiling  water  con- 
tain twice  as  much  caloric  as  one  pound  of 
boiling  water,  but  the  thermometer  in  both 
(lands  at  the  fame  degree.  Neither  does  this 
inftrument  give  the  comparative  quantities  of 
caloric  in  the  fame  bulk  of  different  fubftances. 
If  feparate  vefi'els  containing  water,  mercury, 
oil,  brine,  &c.  are  all  immerfed  in  water  kept 
a fufficient  time  at  the  boiling  point,  after  a 
greater  or  lefs  time  they  will  all  acquire  a tem- 
perature a few  degrees  below  2 1 2° ; but  this 
does  not  in  the  leaft  prove  that  they  contain 
equal  quantities  of  heat,  and  the  circumftance 
of  the  unequal  times  required  in  each  to  arrive 
at  this  point  is  a ftrong  argument  againft  the 
quantities  of  caloric  being  equal. 

The  analogy  given  by  M.  Pitlet  between  hu- 
meflation  and  heating,  will  further  iliuftrate, 
as  far  as  it  holds,  the  nature  of  thermometrical 
indication.  Suppofe  at  the  fame  inftant  a pound 
of  dried  fponge,  a pound  of  blotting  paper,  and 
a pound  of  fome  porous  wood  be  plunged  into  a 
bafon  of  water.  After  a fliort  time  the  fub- 
ftance that  receives  water  the  eafieft  (fuppofe 
the  blotting  paper)  will  be  thoroughly  foaked  ; 
in  a little  longer  time  the  fponge  will  be  in  the 
fame  condition,  and  after  a longer  time,  the 
wood.  When  taken  out  of  the  water  they  will 
all  be  thoroughly  wet,  and  if  a hygrometer 
(which  is  a machine  that  (hews  the  degree  of 
moifture  of  the  air  by  expanfion  or  contraflion 
of  hair,  catgut,  or  any  other  hygrometrical  fub- 
ftance) could  be  applied  to  them  all,  it  would 
only  (hew  in  each  the  fame  and  the  extreme 
degree  of  humidity,  but  would  give  no  indi- 
cation whatever  of  the  a£lual  quantity  of  water 
which  each  contained.  In  this  therefore  it 
refembles  the  thermometer  applied  to  heated 
bodies.  Let  the  three  fubftances  be  now  tho- 
roughly dried  in  a very  warm  fituation,  and  the 
hygrometer  would  only  mark  in  them-  the  term 
of  extreme  drynefs,  and  not  the  quantities  of 
water  which  they  had  refpe£lively  loft,  which 
would  be  the  moft  in  the  fponge,  the  next  in 
the  paper,  and  the  leaft  in  the  wood.  But  after 
this  thorough  exficcation,  if  the  three  fubftances 
were  ftrongly  heated  in  clofe  vcflels,  they  would 
yield  a further  quantity  of  water,  alfo  in  unequal 
proportions,  as  the  wood  would  now  furnifh 
the  greateft  •,  and  this  may  bear  an  analogy  to 
the  caloric  of  combination,  which  is  no  more 
indicated  by  the  thermometer  than  the  .combined 
water  would  be  by  the  hygrometer. 

Let  a quantity  of  ice  cooled  down  to  20 0 be 
put  in  a veffel  and  gently  heated  by  a fmall 
2 c 2 
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lamp  that  burns  fteadily  and  equally.  If  a ther- 
mometer be  immerfed  in  the  ice  it  will  gradually 
rife  from  2o°  to  320.  The  ice  wiH  now  meit 
ilowly,  and  during  the  whole  time  of  melting, 
the  thermometer  touching  it  will  remain  fta- 
tionary,  notwithftanding  the  acceflion  of  heat 
continues  as  before.  Therefore,  during  the 
melting  of  ice,  a quantity  of  heat  infenfible  to 
the  thermometer  is  abforbed ; and  if  the  heat  is 
communicated  from  the  bottom,  the  water  al- 
ready produced  is  prevented  from  acquiring  a 
higher  temperature  till  every  particle  of  the  ice 
is  thawed.  Hence  it  follows  that  a quantity  of 
heat  is  neceflary  to  be  added  to  ice  before  it  can 
be  converted  into  water,  and  which  does  not 
raife  the  thermometric  temperature.  Let  the 
heating  continue  as  before,  and  the  water  pro- 
duced by  the  thawing  of  the  ice  now  again 
fhews  an  encreafe  of  fenuble  heat,  and  the  ther- 
mometer continues  to  rife  gradually  through  the 
whole  fcale  up  to  21 2°,  in  the  latter  part  of 
which  time  the  water  begins  to  fend  forth  fleam, 
and  at  laft  to  boil  violently.  Now  again  a fecond 
and  permanent  flop  is  put  to  the  rife  of  the 
thermometer,  for  though  the  addition  of  heat 
received  from  the  lamp  continues  as  before,  the 
thermometer  never  rifes  higher  than  2 1 2°,  but 
inflead,  a large  quantity  of  aqueous  vapour  flies 
off,  alfo  at  the  heat  of  2120,  till  every  drop  of 
the  water  is  evaporated.  Now  if  in  the  fir  ft 
cafe  all  the  heat  received  during  the  thawing  of 
the  ice  (at  which  time  the  thermometer  was 
ftationary)  was  abforbed  by  the  water  in  order 
to  enable  it  to  aflume  the  liquid  form,  it  follows, 
by  parity  of  reafoning,  that  all  the  heat  re- 
ceived during  the  boiling  (the  thermometer  being 
now  as  before  ftationary)  is  employed  in  the 
converfion  of  water  into  aqueous  vapour.  In 
both  cafes  heat  is  received,  and  as  it  is  the  com- 
mon effe£l  of  heat  to  raife  the  thermometric 
temperature,  the  abfence  of  this  effe£l  can  only 
be  accounted  for  by  fuppofing  it  neceflary  for 
the  exiftence  of  aqueous  vapour  that  it  fhould 
be  compofed  of  a greater  quantity  of  heat  than 
v/ater,  and  water  more  than  ice. 

Upon  thefe  fundamental  experiments,  Dr. 
Black  formed  that  beautiful  fyftem  of  the  nature 
of  heat  which  carried  with  it  irrefi ftible  con- 
viction wherever  it  fpread,  which  is  now  (with 
fome  modifications)  univerfally  adopted,  and 
has  been  extended  to  the  full  explanation  of 
an  infinite  number  of  the  molt  important 
phenomena  in  natural  philofophy.  The  par- 
ticular experiments  and  inferences  frotn  them 
muft  be  examined  mgre  minutely.  The  leading 


circumftances  or  heads  of  inquiry  fuggefted  and 
illuftrated  by  Dr.  Black’s  difeovery,  are  the 
following : 

1.  The  abforption  of  caloric  from  the  fur- 
rounding bodies  by  liquids  in  the  procefs  of 
liquefaClion,  and  by  vapours  in  the  procefs  of 
evaporation,  being  neceflary  to  the  conftitution 
of  liquids  and  vapours.  Caloric  in  this  Hate  is 
termed  by  Dr.  Black  Latent  Heat , becaufe  it  is  as 
it  were  concealed  in  the  fubftance  of  the  liquid 
or  vapour;  and  is  oppofed  to  Free  or  Senftble  Heat . 
Latent  heat  has  been  alfo  termed  Combined  caloric, 
which  is  perhaps  a better  term,  as  it  expreffes 
(what  is  probably  the  faCl)  that  a chemical  com- 
bination takes  place ; as  (for  example)  between 
icc  and  caloric  to  conftitute  the  fluid,  water. 

2.  Thc'expulfion  of  caloric  from  liquids  during 
congelation,  and  from  vapours  during  their 
condenlation  into  liquids.  In  this  cafe  the  caloric 
which  was  before  in  a latent  ftate  now  becomes 
free,  and  therefore  fenfible  to  the  thermometer. 
This  expulfion  of  caloric  is  of  courie  a neceflary 
inference  from  the  fa£l  of  its  abforption  in 
oppofite  circumftances,  and  the  proofs  of  its 
taking  place  are  equally  decided. 

3.  The  proportional  quantity  of  caloric  necef- 
fary  to  be  added  to  any  fubftance  to  raife  it  to  a 
given  thermometrical  temperature.  This  com- 
parifon  refers  both  to  the  different  ftates  of  the 
lame  body  (as  ice,  water,  and  vapour)  or  to 
different  bodies  indiferiminately,  the  quantities 
of  the  lubftances  being  always  equal.  As  thefe 
experiments  are  proportional  to  each  other,  they 
are  for  convenience  all  referred  to  a common 
ftandard,  which  in  this  cafe,  as  in  that  of  fpecific 
gravities,  is  water.  This  is  called  the  Specific 
Caloric  of  bodies,  or  as  Dr.  Black  terms  it  the 
Capacity  of  Bodies  for  Heat.  Thus  if  it  takes 
three  times  as  much  heat  to  raife  a certain  quan- 
tity of  water  10  degrees,  as  the  fame  quantity 
of  mercury,  the  fpecific  caloric  of  water,  or  its 
capacity  for  heat,  is  faid  to  be  three  times  as 
great:  or  if  that  of  water  be  called  x.  that  of 
mercury  will  be  y. 

4.  The  abfolute  quantity  of  caloric  contained 
in  any  fubftance.  We  have  no  reafon  to  think 
that  we  have  ever  by  natural  or  artificial  cold 
deprived  any  fubftance  of  all  the  caloric  which 
it  contains ; but  many  ingenious  attempts  have 
been  made  to  eftimate  the  point  of  a£lual  pri- 
vation of  heat,  or  the  real  zero  in  different 
bodies,  and  thence  to  compute  the  abfolute 
quantity  which  is  contained  in  fubftances  at 
given  temperatures.  As  heat  cannot  be  weighed 
or  meafured,  fome  meafure  of  effe£l  muft  be 
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adopted  to  exprefs  abfolute  quantities  of  it.  This 
has  been  done  either  by  the  thermometer,  or  by 
the  thawing  of  a given  weight  of  ice. 

Of  LiquefaElion  and  Congelation. 

The  oppofite  Hates  of  Liquefaction  and  Con- 
gelation may  be  conveniently  defcribed  under 
the  lame  head,  as  the  circumftances  attending 
the  one  will  illuftrate  the  other,  after  which  the 
fimilarly  contrafted  phenomena  of  evaporation 
and  condenfation  of  vapour  will  be  noticed. 

During  the  liquefa&ion  of  any  fubftance  by 
mere  heat,  it  has  been  already  mentioned  that 
a large  quantity  of  heat  is  abforbed  by  the  melt- 
ing fubftance  which  is  effential  to  the  con- 
ftitution  of  the  ftate  of  liquidity,  and  does  not 
raife  the  thermometrical  temperature.  Con- 
fequendy  if  a folid  fubftance,  cold,  and  the  fame 
fubftance  in  a liquid  ftate,  and  hot,  be  mixpd  in 
known  proportions,  the  temperature  after  mix- 
ture will  not  be  the  proportional  mean  of  the 
temperature  of  each,  as  would  be  the  cafe  if 
both  were  liquid,  but  will  fall  far  ftiort  of  it : a 
great  portion  of  the  heat  of  the  hotter  body 
being  taken  up  with  melting  the  colder  folid 
body  before  its  temperature  can  be  raifed  a Angle 
degree.  Thus,  equal  parts  of  water  at  320,  and 
water  at  21 2°,  will  on  mixture  give  the  tem- 
perature of  1220,  or  the  arithmetical  mean  be- 
tween thefe  two  numbers ; but  equal  parts  of 
ice  at  3 2°  and  water  at  2 1 2°,  will  give  only  a tem- 
perature of  about  520,  the  greater  portion  of  the 
heat  of  the  water  being  firft  employed  in  thaw- 
ing the  ice  before  any  rife  of  temperature  what- 
ever can  take  place  in  the  mixture. 

Dr.  Black’s  original  experiments  ‘ on  the 
abforption  of  heat  during  the  procefs  of  lique- 
faction may  here  be  fhortly  mentioned,  on 
account  of  their  elegant  fimplicity,  as  they  ferved 
as  ground-works  of  his  beautiful  fyftem. 

Two  equal  globular  glafs  veflels  were  filled, 
the  one  with  five  ounces  of  water,  which  was 
afterwards  frozen  by  furrounding  it  with  fait  and 
l'now,  and  the  other  with  water  limply  cooled 
down  to  330.  That  which  contained  the  ice 
was  allowed  to  remain  in  a warmer  air  till  the 
ice  juft  began  to  melt,  at  which  time  its  tem- 
perature was  as  nearly  as  poffible  3 2°  or  330. 
The  two  veflels  wrere  then  fimply  fufpended 
from  a wire  frame  fet  in  the  middle  of  a large 
room  without  a fire  or  any  notable  draught  of 
air,  and  of  the  average  temperature  of  47 °.  The 
veflels  were  therefore  in  every  refpedt  under 
fimilar  circumftances  of  temperature  within  and 
without,  and  with  fimilar  contents,  excepting 
that  one  contained  ice  and  the  other  water.  The 


progrefs  of  heating  was  then  noted.  In  that 
which  held  the  water  the  thermometer  rofe  in 
half  an  hour  to  40° ; but  in  the  other  it  took  no 
lefs  than  10  hours  and  a half  before  all  the  ice 
was  melted,  and  the  contents  had  reached  to  40°. 
Confequently  the  rate  of  heating  wras  21  times 
flower  in  the  ice-veflel  than  in  that  which  held 
the  cold  water ; but  the  acftual  heat  received  by 
the  former  was  nearly  uniform  the  whole  time, 
and  therefore  it  required  about  21  times  as 
much  heat  to  bring  ice  to  the  ftate  of  water  and 
to  raife  it  to  40°,  as  to  raife  ice-cold  water  to 
the  fame  point.  Or,  to  exprefs  it  by  another 
form,  if  the  water  had  continued  to  receive 
as  great  an  influx  of  heat  as  the  ice,  during 
the  whole  21  half-hours,  its  temperature  would 
of  courfe  have  been  raifed  21  times  as  much  as 
during  the  Angle  half-hour,  and  as  this  was  7 
degrees,  the  whole  would  have  been  2 1 X 71=147 
degrees.  The  difference  between  the  gain  of 
temperature  in  the  ice  and  the  water  with  equal 
acceffions  of  heat,  is  about  140  degrees ; and 
therefore  140°  is  the  expreflion  of  that  quan- 
tity of  thermometric  temperature  which  is 
deftroyed,  or  made  latent , by  the  feparate  ope- 
ration of  the  liquefaction  of  ice,  the  aCtual 
quantities  of  matter  in  the  comparifon  being 
equal. 

This  calculation  was  confirmed  by  the  experi- 
ment of  melting  ice  in  hot  water,  and  com- 
paring the  temperature  of  the  mixture  with 
what  it  would  have  been  had  ice-cold  water 
been  ufed  inftead  of  ice.  When  quantities  of 
water  of  unequal  temperature  are  mixed  to- 
gether, the  heat  of  the  mixture  is  the  exadf 
mean  of  the  difference  of  temperatures  and  the 
refpeCfive  quantities.  In  Dr.  Black’s  experi- 
ment, 1 19  parts  of  ice  at  3 2°  were  melted  by 
135  parts  of  water  at  190°,  to  which  muft  be 
added  the  heat  communicated  by  the  hot  veflel, 
which  he  eftimated  as  equal  to  8 more  of  the 
water,  making  in  the  whole  143  parts.  Now 
the  gain  of  temperature  produced  by  adding 
1 19  parts  of  ’water  at  320,  to  143  parts  of 
water  at  190°,  would  have  been  86  degrees 
above  3 2°,  or  n8°of  the  fcalej  (being  found  by 
multiplying  the  difference  of  temperature  into 
the  weight  of  the  hotter  water,  and  dividing  by 
the  fum  of  the  weights  of  both,  for  1 5 ^5-5- 4 3 — 
86).  But  the  temperature  refulting  from  the 
melted  ice  and  hot  water  was  only  21  degrees 
above  32,  or  530  of  the  feale.  Therefore  a 
quantity  of  heat  had  difappeared,  which  would 
have  raifed  the  whole  mafs  (equivalent  to  262 
parts  of  water)  65  degrees,  being  the  difference 
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between  86°  and  2i°.  But  the  fame  quantity 
of  caloric  which  would  raife  262  parts  of  water 
65  degrees,  would  raife  119  parts  143  degrees; 
and  the  weight  of  the  ice  alone  being  119,  it 
follows  that  during  its  liquefaCtion,  heat  is 
abforbed  equivalent  to  143  degrees  of  tempera- 
ture, and  which  can  in  no  other  way  be  accounted 
for  than  by  fuppofing  it  intimately  combined 
with  the  water  as  it  becomes  liquid,  and  efiential 
to  its  ftate  of  liquidity. 

The  near  correfpondence  of  this  experiment 
with  the  former,  the  one  giving  140  and  the 
other  143  degrees,  is  a convincing  proof  of  the 
truth  of  the  general  inference  drawn  from  them; 
for  this  does  not  depend  on  minute  obfervation 
where  an  inaccuracy  of  a degree  or  two  or  any 
inequality  of  mixture  will  defeat  the  objeCt  of 
the  experiment,  but  upon  a large,  palpable,  and 
ftriking  difference  which  mult  be  obvious  to 
every  obferver. 

To  fave  the  trouble  of  any  calculation  of  pro- 
portion, this  beautiful  experiment  may  be  made 
with  equal  or  with  aliquot  weights  of  ice  and 
hot  water.  So  if  a lump  of  ice  is  dropped  into 
an  equal  weight  of  water  heated  to  200°,  140 
degrees  of  heat  may  be  firft  fubftraCted  from 
the  hot  water  to  counterbalance  the  liquefaCtion 
of  the  ice,  and  the  real  efteCt  will  therefore  be 
the  fame  as  if  water  at  6o°  and  ice-cold  water  at 
3 2°  were  mixed  in  equal  proportions,  and  ac- 
cordingly the  heat  of  the  mixture  will  be  the 
mean  of  320  and  6o°,  or  46°.  If  the  hot  water 
be  twice  the  weight  of  the  ice,  only  half  the 
quantity  (or  70  degrees)  mull  be  fubftraCted, 
and  fo  in  proportion. 

The  general  law  deduced  from  thefe  experi- 
ments, therefore,  is  that  liquefaElion  always 
demands  the  addition  of  a great  quantity  of 
caloric  beyond  what  the  thermometer  will  indi- 
cate,  and  hence  a fubftance  during  this  change 
abforbs  caloric  powerfully  from  all  the  fur- 
rounding  bodies,  and  leaves  them  comparatively 
cold.  Liquefaction  is  therefore  a frigorific  pro- 
cefs,  and  this  difcovery  explains  the  production 
of  cold  and  the  theory  of  freezing  mixtures  in 
a great  variety  of  inftances.  Many  of  thefe 
will  be  mentioned  after  the  oppcfite  procefs  of 
congelation  has  been  described.  Liquefaction 
at  the  higher  temperatures  is  often  termed  fufion, 
thus  we  rather  fay  the  fufion  than  the  liquefaction 
of  metals,  or  even  of  wax,  fpermaceti,  &c.  But 
in  all  thefe  cafes  an  abforption  of  caloric  alfo 
takes  place,  which  is  {hewn  by  preventing  the 
fubftances  from  acquiring  a higher  temperature 
than  their  point  of  fufion,  as  long  as  a particle 
remains  unmelted ; or  by  reducing  the  tem- 


perature of  the  melted  fubftance  immediately  to 
this  point,  when  above  it,  if  a piece  of  the 
unmelted  body  is  thrown  in.  Thus  a ladle  full 
of  lead  cannot  be  heated  red-hot  till  all  the 
metal  is  melted ; and  a quantity  of  red-hot 
melted  lead  is  directly  cooled  to  the  point  of 
fufion  by  the  addition  of  folid  lead. 

Since  caloric  is  abforbed  during  liquefaction, 
it  follows  that  it  mult  be  given  out  during  con- 
gelation ; or,  that  not  only  the  free  thermo- 
metrical  heat  will  be  lowered  to  the  congealing 
point,  but  that  the  latent  caloric  combined  with 
the  liquid  will  alfo  be  expelled  before  con- 
gelation can  take  place.  Similar  experiments 
to  fome  of  thofe  already  defcribed,  will  there- 
fore apply  (changing  the  circumftances)  to  the 
phenomena  of  congelation.  Thus  if  a veflel  of 
warm  water  is  expofed  to  a very  cold  medium, 
the  temperature  is  rapidly  cooled  down  to  the 
freezing  point,  after  which  the  water  begins  to 
congeal.  If  kept  in  the  fame  fituation,  caloric 
is  abftraCted  as  before,  but  the  thermometrical 
heat  now  remains  nearly  the  fame,  till  all  the 
water  has  loft  its  whole  ftock  of  combined 
caloric  neceflary  to  fluidity,  and  is  totally  con- 
verted into  ice,  and  it  is  not  till  after  this  period 
that  the  temperature  begins  again  to  fink  as 
before.  Alfo  if  ice,  however  cold  (fuppofe  at 
o°)  be  added  to  water  at  3 2°,  the  effeCt  is  to 
congeal  a portion  of  water,  and  the  caloric  given 
out  by  the  water  in  the  procefs  raifes  the  tem- 
perature of  the  ice  to  3 20.  Therefore  ice  fwim- 
ming  in  water  can  never  have  a lower  tempera- 
ture than  3 20,  and  this  point  is  fo  invariable  as 
to  furnifh  an  excellent  ftandard  for  the  gradu- 
ation of  thermometers. 

Congelation  therefore  is  as  much  a heating 
procefs  to  the  furrounding  bodies,  as  liquefaCtion 
was  fhewn  to  be  a cooling  procefs.  That  is,  the 
reduction  of  the  temperature  of  any  fubftance 
to  any  given  point  below  its  freezing  point  is 
much  retarded,  if  in  the  procefs  it  be  neceflary 
to  convert  a liquid  body  into  a folid  by  the 
abftradion  of  caloric  : for  ice  at  3 2°  can  much 
fooner  be  cooled  10  degrees,  than  water  at  320, 
the  ice  having  only  to  furrender  its  free  uncom- 
bined caloric,  but  the  water  having,  in  addition 
to  this,  to  give  up  its  latent  caloric  of  fluidity. 

The  heating  power  of  congelation  with  refpeCt 
to  the  furrounding  bodies,  is  generally  to  be 
(hewn  only  by  its  retarding  the  rate  of  the  cool- 
ing which  thefe  bodies  would  experience  with- 
out the  influence  of  this  procefs.  In  a few 
inftances  however  it  is  more  ftrikingly  fhewn  by 
an.  aCtual  rife  of  a thermometer  immerfed  in 
fluids  at  the  moment  of  their  congelation.  The 
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following  experiment  of  Fahrenheit  (hews  it. 
If  water  (and  better  juft  after  having  boiled  for 
a quarter  of  an  hour)  be  put  into  a deep  veflel 
immcrfed  in  fait  and  fnow,  or  any  other  power- 
ful freezing  mixture,  and  allowed  to  remain 
perfectly  at  reft  and  without  any  wind  playing 
over  its  furface,  it  may  readily  be  cooled  to 
about  8 or  io  degrees  below  3 20,  or  even  more 
without  freezing.  If  now  the  veflel  be  (lightly 
fhaken  or  jarred,  or  efpecially  if  an  atom  of  ice 
be  dropped  in,  almoft  the  whole  water  fuddenly 
fhoots  into  fine  cryftals  of  ice,  and  the  tempera- 
ture (lowly  rifes  to  3 2°,  the  freezing  point.  The 
reafon  of  this  confiderable  rife  of  the  actual 
temperature  is  the  fuddennefs  of  the  congelation. 
In  common  circumftances  the  formation  of  ice 
in  freezing  w-ater  is  fo  gradual,  that  the  latent 
heat  extricated  from  the  water  by  congelation 
is  immediately  diffufed  through  the  furrounding 
medium,  and  does  not  fenfibly  affecft  the  ther- 
mometer : but  when  the  whole  is  cooled  fo  low 
as  200  or  220,  the  whole  of  the  latent  heat  is 
ready  to  quit  the  water  at  the  inftant  that  con- 
gelation begins  in  any  one  point,  and  then  be- 
comes fenfible  to  the  thermometer. 

The  cryftallization  of  thofe  fairs  that  are  more 
foluble  in  hot  than  in  cold  water  is  a true  con- 
gelation, and  the  extrication  of  caloric  from 
them  in  the  moment  of  cryftallization  equally 
takes  place.  None  of  them  (hews  this  phe- 
nomenon more  beautifully  than  fulphat  of  foda 
(Glauber’s  fait) ; but  fome  little  management  is 
requifite  to  enfure  its  cooling  down  below  its 
congealing  point,  and  remaining  fluid.  The  fol- 
lowing method  feldom  fails.  Take  any  quantity 
of  this  fait,  a pound  for  example,  and  heat  it  in 
a clean  iron  ladle  on  a clear  brifk  fire.  The  fait 
fpeedily  melts  in  its  own  water  of  cryftallization, 
and  boils  violently.  Continue  the  heat  till  all 
the  water  is  expelled,  and  a white  dry  faline 
mafs  remains.  Then  add  fufficient  water  to  it 
(without  removing  it  from  the  ladle)  to  redifl'olve 
by  boiling  almoft,  but  not  quite,  the  whole  of 
the  fait.  This  liquor,  which  is  a perfectly  fatu- 
rated  folution,  lhould  be  poured,  while  (till  quite 
hot,  into  a thin  glafs  phial,  and  immediately 
corked  quite  dole,  or  better,  covered  with  wet 
bladder,  (o  as  to  exclude  all  the  external  air 
from  the  folution.  Set  this  by  in  a quiet  place 
without  (haking,  and  it  will  now  cool  to  the 
temperature  of  the  air,  remaining  perfectly  fluid. 
On  opening  the  cork  and  letting  in  the  external 
air,  the  liquor  immediately  begins  to  congeal  on 
its  upper  furface,  and  the  congelation  fpreads 
downwards  in  a few  feconds,  like  a denfe  white 
cloud ; after  which  it  is  fo  entirely  folidified 


that  on  inverting  the  bottle  not  a drop  of 
liquor  falls  out.  If  it  (houid  not  immediately 
congeal  on  opening  the  cork,  a flight  (hake,  or 
dropping  in  an  atom  of  the  fame  fait  will  begin 
the  procefs,  after  which  it  never  fails  to  fpread 
through  the  whole  in  a few  feconds.  It  may 
be  added  that  the  fame  folution  will  anfvver 
repeatedly  any  number  of  times,  and  after  the 
firft  time  there  is  no  occafion  previoufly  to  cal- 
cine the  fait,  but  merely  to  heat  the  phial  con- 
taining it  till  it  is  totally  liquefied.  During  the 
fudden  congelation,  a quantity  of  heat  is  given 
out  fuflicient  to  make  the  outfide  of  the  phial 
fenfibly  warm  to  the  hands,  and  to  raife  the 
thermometer  20  or  25  degrees.  The  caufe  of 
this  encreafe  of  temperature  can  be  no  other 
than  the  efcape  of  the  latent  heat  of  the  folution 
caufed  by  its  change  from  a fluid  to  a folid 
ftate. 

Numberlefs  fa£!s  might  be  adduced  in  illuf- 
tration  of  what  has  been  mentioned  concerning 
the  evolution  of  fenfible  heat  during  congelation, 
and  its  abforption  during  liquefaftion.  As  a 
general  rule  it  may  be  remarked  that  whatever 
melts  the  mod  rapidly  is  likely  to  produce  the 
greateft  cold,  and  whatever  congeals  the  mod 
rapidly  will  ( ceteris  paribus ) produce  the  mod: 
heat.  However  this  is  alfo  regulated  by  the 
relative  affinity  for  caloric  which  different  fub- 
ftances  may  have.  The  mode  in  which  artificial 
cold  is  produced  by  faline  folutions  partly  be- 
longs to  this  part  of  the  fubjeft. 

In  all  thefe  cafes  a fudden  liquefa&ion  of  the 
fait  employed  takes  place,  which  therefore  re- 
quires a proportional  fupply  of  caloric  from  all 
the  adjacent  bodies  to  furniffi  it.  Thus  if  fait 
and  fnow  (one  of  the  mod  powerful  of  the 
freezing  compounds)  are  mixed  together,  they 
melt  with  great  rapidity  (the  fnow  (imply  by 
the  abforption  of  heat,  the  fait  by  the  united 
power  of  caloric  and  water),  and  every  fubftance 
immerfed  in  the  mixture  is  robbed  of  a large 
portion  of  its  caloric  to  fupply  the  demand.  The 
quantity  of  heat  abforbed,  or  the  meafure  of  the 
frigorific  power,  always  bears  a proportion  to 
the  cold  required  to  congeal  the  mixture.  Thus 
the  freezing  point  of  the  brine  is  at  lead  32 
degrees  lower  than  that  of  water,  or  the  zero 
of  the  common  fcale,  and  hence  we  may  infer 
that  a much  larger  quantity  of  latent  caloric  is 
contained  in  brine  than  in  water  at  equal  tem- 
peratures, fince  fo  much  more  powerful  a cold 
is  required  to  congeal  the  former  than  the  latter. 
The  utmoft  limit  of  the  frigorific  power  of  thefe 
mixtures,  therefore,  is  their  point  of  conge- 
lation-, for  the  fame  reafon  that  prevents  melting 
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ice  from  producing  a greater  cold  than  3 20 
during  its  liquefadlion,  will  prevent  brine  from 
producing  a lower  temperature  than  about  o°, 
thefe  being  refpectively  the  freezing  points  of 
the  two  fubftances.  In  like  manner  the  cold 
occafioned  by  fait  and  fnow  continues  nearly  at 
the  fame  intenfity  during  the  whole  time  of 
melting;  as  alfo  takes  place  with  melting  ice:  and 
if  brine  be  {lowly  cooled  a few  degrees  below  o°, 
its  freezing  point,  as  foon  as  any  portion  of 
the  fait  feparates  in  a folid  form,  the  tempera- 
ture rifes  to  that  point ; juft  as  the  temperature 
of  over-cooled  water  rifes  to  3 2°  on  fudden  con- 
gelation. k 

The  particular  freezing  mixtures,  with  the 
beft  mode  of  their  application,  will  be  defcribed 
under  the  article  Freezing. 

Of  V ".pour  and  Evaporation. 

When  water  is  heated  in  any  open  veflel,  the 
thermometrical  temperature  rifes  gradually,  at 
the  fame  time  that  aqueous  vapour  foon  begins 
vifibly  to  form  at  the  furface.  This  encreafes 
till  the  water  has  rifen  to  its  boiling  point,  which 
is  about  2 1 20  of  the  common  thermometer ; at 
which  time  the  whole  is  thrown  into  violent 
agitation,  and  the  formation  of  fteam  is  rapid 
and  copious.  The  temperature  now  no  longer 
rifes,  but  remains,  both  in  the  water  and  in  the 
fteam,  ai  the  fame  point,  till  the  whole  is  eva- 
porated or  boiled  away. 

The  two  principal  circumftances  to  be  at- 
tended to  in  this  procefs,  which  is  every  day 
before  our  eyes,  are,  the  expanfion  which  the 
water  undergoes  by  being  converted  into  fteam ; 
and  the  uniformity  of  temperature  maintained 
notwithftanding  the  conftant  acceftion  of  heat 
during  the  boiling. 

The  invariable  relation  between  the  quantity 
of  heated  vapour  formed,  and  the  quantity  of 
heat  carried  oft'  in  a ftate  infenfible  to  the  ther- 
mometer, led  Dr.  Black  to  apply  his  beautiful 
theory  of  latent  heat  to  the  vaporization  of 
liquids  as  well  as  the  liquefaction  of  folids,  and 
has  furnifhed  the  moft  irrefragable  arguments 
for  its  truth. 

The  expanfion  of  water  when  converted  into 
fteam  was  long  known  to  be  very  great,  and 
many  experiments  were  made,  before  Dr. Black’s 
inquiries,  to  afcertain  the  exa£t  amount.  More 
accurate  trials,  by  Dr.  Black,  and  his  eminent 
pupil  and  friend,  Mr.  James  Watt,  fix  the  ex- 
panfion at  1800  times  the  bulk  of  the  water. 
As  vapour,  while  fuch,  is  a rare,  invifible  and 
highly  elaftic  fluid,  the  temperature  and  pref- 
fure  mult  be  taken  into  account  in  this  eftimate. 


The  former  is  2120,  or  the  higheft  heat  that 
unconfined  watery  vapour  can  alTume,  and  the 
latter  is  the  common  prefiure  of  the  atmofphere. 
Hence  we  may  reckon  generally  that  water  kept 
fully  boiling  in  open  veflels  is  converted  into 
1800  times  its  bulk  of  boiling-hot  vapour. 

The  combination  of  a great  quantity  of  caloric 
with  water  in  the  formation  of  fteam,  was 
determined  by  Dr.  Black  in  a fimilar  manner  as 
the  combination  of  caloric  with  ice,  in  order  to 
produce  liquefaction.  Water  was  heated  as 
uniformly  as  poflible  in  a tin  veflel  to  boiling, 
and  the  time  required  for  this  was  noted. 
The  fame  heat  was  then  continued  till  the 
whole  was  evaporated,  and  the  time  taken  up 
by  the  procefs  was  noted.  Now  fince  on  the 
one  hand  the  acceftion  of  heat  was  conftant,  it 
was  readily  computed  how  high  the  temperature 
would  have  been,  fuppofing  the  rife  to  have 
gone  on  above  21 2°  in  the  fame  ratio  as  below 
it ; and,  on  the  other,  as  die  temperature  of 
the  fteam  was  not  raifed,  it  was  inferred  that 
all  the  acceftion  of  caloric  from  2 1 2°  was  efl'ert- 
tial  to  the  very  ftate  and  conftitution  of  vapour 
at  that  temperature.  This  quantity  Dr.  Black 
eftimates  from  the  average  of  many  of  his  firft 
experiments  to  be  about  810  degrees  : that  is  to 
fay,  that  the  fame  quantity  of  caloric  which  is 
required  totally  to  evaporate  boiling  water  at 
2120,  would  be  fufficient  to  raife  the  water  810 
degrees  above  the  boiling  point,  or  to  1022  if  it 
had  remained  in  its  liquid  ftate. 

On  the  other  hand,  it  will  follow  that  when 
fteam  is  condenfed  again  into  water,  it  will  give 
out  all  the  latent  caloric  which  was  neceflary  to 
its  vaporous  ftate,  which  being  now  fet  free 
from  its  combination,  will  readily  be  dift'ufed 
among  all  the  adjacent  bodies,  and  raife  their 
temperature  as  much  more  than  an  equal  weight 
of  boiling  water  will  do,  as  the  latent  caloric  of 
fteam  exceeds  that  of  water.  This  furnifiies 
another  method  of  eftimating  the  latent  caloric 
of  watery  vapour,  and  fomewhat  more  accurate 
than  the  former,  fince  in  the  experiment  of 
boiling  water  fome  of  it  evaporates  before  it 
arrives  at  2 1 2°,  and  it  is  neceflary  to  affume  as 
a datum  that  the  rate  of  thermometrical  heat  in 
this  fluid  would  be  the  fame  above  the  boiling 
point  (were  there  no  evaporation)  as  below  it. 

The  moft  convenient  method  of  heating  water 
by  means  of  fteam,  is  to  imitate  the  procefs  of 
common  dill  illation  ; that  is,  to  heat  water  in 
a clofe  veflel  in  order  to  generate  the  aqueous 
vapour,  and  to  caufe  the  vapour  to  be  condenfed 
in  a metallic  pipe  palfing  in  a fpiral  form  through 
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a tub,  or  any  other  veflel  that  contains  the  cold 
water,  which  is  to  receive  the  heat  given  out 
by  the  fteam  during  its  condenfation.  Here  the 
vapour  does  not  indeed  adtually  come  in  contact 
with  the  water,  but  its  latent  caloric  is  given 
out  and  paffes  through  the  metallic  pipe  im- 
merfed  in  the  water.  In  perfect  accuracy  the 
quantity  of  caloric  required  to  raife  the 'tem- 
perature of  the  metallic  pipe  fhould  alfo  be 
eftimated,  but  here  (as  in  the  experiments  on 
congelation)  this  minutenefs  of  obfervation  is 
not  in  the  leaft  neceffary  to  eftablifh  the  general 
law  of  latent  caloric,  the  thermometrical  dif- 
ference on  which  it  is  founded  being  fo  great 
and  palpable  that  very  confiderable  errors  are 
not  felt.  The  experiments  of  Dr.  Black  and  of 
Mr.  Watt  on  the  condenfation  of  a given  weight 
of  fteam  in  a known  quantity  of  water,  give 
about  950°  for  the  latent  heat  of  fteam  or 
aqueous  vapour  at  the  boiling  point : that  is  to 
fay,  that  boiling  water  renders  latent  during  its 
total  converfion  into  fteam  a quantity  of  caloric, 
which  otherwife  would  have  raifed  it  to  950 
degrees.  This  enormous  quantity  of  heat  given 
out  by  fteam  was  long  obferved  during  the 
common  procefs  of  diftillation,  and  remained 
unaccounted  for  till  the  theory  of  latent  heat 
occurred  to  Dr.  Black.  Of  late  the  ufe  of  fteam 
has  been  molt  advantageoully  extended  to  the 
heating  of  large  maffes  of  water  in  breweries, 
dye-houfes,  bleacheries,  &c.  In  thefe  the  fteam 
is  produced  in  a ftrong  iron  boiler,  with  no 
other  outlet  than  the  pipe  or  pipes  which  con- 
vey off  the  fteam  when  generated.  One  pipe 
paffes  to  each  ciftern  of  cold  water,  and  heats  it, 
not  as  in  diftillation  by  merely  palling  through, 
but  by  difcharging  the  fteam  into  the  body  of  the 
water,  being  generally  admitted  from  below.  A 
few  minutes  of  a ftrong  jet  of  fteam  will  bring 
a large  ciftern  of  cold  water  to  a fcalding  heat, 
and  a further  quantity  will  foon  raife  it  to 
boiling. 

The  fa£!s  that  have  been  advanced  concern- 
ing the  latent  heat  of  fteam  (and  the  fame 
applies  to  all  condenfible  vapours)  are  finely 
illuftrated  by  the  inftrument  called  from  the 
inventor  Papin's  digefter.  Its  intention  is  for- 
cibly to  confine  heated  water  by  mechanical 
preffure,  and  thus  to  prevent  the  formation  of 
fteam,  whereby  the  water  is  compelled  to  affume 
a much  higher  temperature  than  21 2°.  It 
confifts  merely  of  a very  ftrong  iron  or  copper 
boiler,  whofe  lid  fits  on  perfectly  tight,  and  is 
kept  down  by  thick  fcrews.  This  is  half  filled 
with  water,  the  lid  clofed,  and  fet  on  a fire. 
The  water  foon  rifes  to  the  boiling  point,  and 
vol.  1. 


fo  much  fteam  is  formed  as  will  fill  the  vacant 
fpace  above.  By  continuing  the  heat,  the  water 
being  prevented  by  the  confinement  from  form- 
ing more  than  a limited  quantity  of  fteam,  now 
rapidly  acquires  a much  greater  heat  than  21 2°, 
and  by  this  is  enabled  to  dlffolve  bone,  horn, 
mufcle,  and  a great  many  other  fubftances  on 
which  unconfined  boiling  water  has  but  very 
trifling  a£tion.  To  prevent  the  great  hazard  of 
a dangerous  explofion  from  the  prodigioufly 
accumulating  expan  five  force  of  the  fteam  with- 
in, the  digefter  is  furnifhed  with  a very  tight 
valve,  kept  down  by  a confiderable  preffure,  but 
which  will  fly  open  before  the  veflel  is  in  any 
danger  of  burfting.  The  circumftance  that 
ftrongly  illuftrates  the  theory  of  latent  heat  is 
the  following.  When  the  water  within  the 
digefter  has  rifen  to  an  exceffive  heat  (fuppofe 
400°,  which  is  188  degrees  above  the  natural 
boiling  point)  if  the  valve  is  now  opened, 
a quantity  of  fteam  rufhes  out  with  extreme 
violence,  and  the  heat  of  the  remaining  wa- 
ter within  almoft  immediately  finks  to  about 
2120.  Thus  we  find  that  the  formation  of  a 
certain  quantity  of  fteam  from  over-heated 
water,  carries  off  with  it  a great  proportion  of 
the  fenfible  heat  of  the  water,  and  both  fteam 
and  water  fall  to  a much  lower  temperature 
than  before,  which  can  only  be  explained  fatis- 
facftorily  by  the  hypothefis  of  the  large  propor- 
tion of  heat  rendered  latent  in  the  fteam  at  the 
moment  of  its  formation. 

The  converfion  of  water  into  aqueous  vapour 
is  therefore  a cooling  procefs  with  regard  to  all  the 
contiguous  bodies,  for  the  fame  reafon  that  the 
liquefaction  of  ice  or  other  folid  bodies  pro- 
duces the  fame  effedf : and  on  the  contrary,  the 
condenfation  of  a vapor  into  a liquid,  and  of  a 
liquid  into  a folid,  are  for  the  fame  reafon  heating 
proceffes.  This  general  law  applies  not  only  to 
water,  but  to  all  known  fubftances  whofe  form 
alters  by  different  dofes  of  caloric. 

The  cold  produced  by  the  evaporation  of 
fluids  at  low  temperatures  furnilhes  many  in- 
terefting  and  very  illuftrative  experiments.  Al- 
cohol and  ether  are  fluids  that  boil  at  a much 
lower  temperature  than  water,  and  they,  as  well 
as  water  and  many  other  fluids,  readily  evaporate 
at  a much  lower  heat  than  their  boiling  point, 
even  at  the  common  heat  of  the  atmofphere, 
and  thus  any  fubftance  moiftened  with  any 
evaporable  fluid  is  rendered  much  colder,  or  is 
robbed  of  much  caloric,  by  the  fpontaneous 
evaporation  of  the  fluid.  This  is  much  affifted 
by  a brilk  wind,  or  any  artificial  renewal  of  the 
air  on  the  moiftened  furface.  Thus  if  a wet 
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cloth  is  fpread  out  m a keen  wind  at  a tempera- 
ture a little  above  freezing,  the  water  by  rapidly 
evaporating  foon  cools  the  damp  cloth  below 
the  freezing  point,  and  makes  it  hard  and  ftiff 
with  the  formation  of  ice  within  its  pores.  But 
the  cold  produced  by  evaporating  ether  is  ftill 
more  ftriking.  A little  of  this  Angularly  eva- 
porable  fluid  poured  on  the  back  of  the  hand 
flies  off  immediately,  and  leaves  the  hand  ex- 
ceflively  cold.  If  a thermometer  bulb  is  kept 
conftantly  damp  with  ether,  the  mercury  finks 
rapidly  many  degrees  below  3 2°,  and  if  the 
evaporation  is  aflifted  by  agitation,  or  by  a 
very  ftrong  draught  of  air,  the  mercury  may  be 
lowered  to  a much  greater  cold  than  any  natural 
to  this  climate,  except  in  very  rare  inftances. 
This  is  readily  performed  in  a few  minutes  with 
a fmall  delicate  mercurial  thermometer : if  the 
bulb  be  wrapped  round  with  a little  tow,  foaked 
by  once  dipping  it  in  ether,  and  blown  upon 
with  a hand  bellows  held  a little  diftance  off, 
it  will  then  fink  as  low  as  o°,  or  even  a degree 
or  two  lower. 

The  evaporation  of  all  fluids  is  regulated  as 
much  by  the  denfity  of  the  air  with  which  they 
are  in  contaCt  as  by  the  degree  in  which  they 
are  heated,  and  in  a direCt  ratio  to  each  other; 
fo  that  the  denfer  the  atrnofphere  prefling  on 
them,  and  the  higher  is  the  evaporable  or  the 
boiling  heat  required.  Hence  it  follows  that 
by  diminifhing  the  preflure,  liquids  will  boil  at 
a much  lower  temperature  than  their  natural 
point  of  ebullition.  Thus  it  is  found  that  at 
the  top  of  high  mountains  liquids  boil  much 
fooner  than  at  the  bottom.  Sauflure  found  that 
water  boiled  at  the  top  of  Mont  Blanc  at  187° 
Fahr.  inftead  of  2120,  and  other  liquids  in  pro- 
portion. The  fame  effeCt  is  produced  artificially 
by  inclofing  the  liquid,  already  heated  to  a cer- 
tain point,  under  the  receiver  of  an  air-pump 
and  exhaufting  the  air.  If  water  fcalding  hot  be 
put  in  this  fituation,  a few  ftrokes  of  the  pump 
will  make  it  boil  vehemently,  but  this  lafts  only 
a fhort  time,  on  account  of  the  cold  produced 
by  the  evaporation,  which  lowers  the  tempera- 
ture immediately.  A further  exhauftion  renews 
the  ebullition,  a lefs  heat  being  now  required, 
till  the  cold  of  the  evaporation  has  again  lowered 
the  temperature  ; and  thus  the  alternate  boiling 
and  cooling  may  be  renewed  for  a confiderable 
time. 

Ether,  which  evaporates  fo  readily  under  the 
common  atmofpherical  preflure  and  temperature, 
and  which  boils  at  about  102°  in-  the  open  air, 
is  brought  to  ebullition  at  a low  heat,  Amply  by 
removing  the  preflure,  and  tire  cold  thus  gene- 


rated (as  already  mentioned)  is  very  intenfe. 
This  furnifhes  a very  pretty  experiment.  Put  a 
little  ether  (well  rectified  by  waffling  with  water) 
into  a thin  veflel  of  glafs  or  metal,  inclofed  in 
another  veflel,  with  a little  water  interpofed 
between  the  two.  Set  the  whole  under  the 
receiver  of  an  air-pump,  and  exhauft  the  air 
brilkly.  The  ether  will  very  foon  begin  to  boil 
vehemently  and  rapidly  evaporate,  and  the  cold 
thereby  produced  will  in  a few  minutes  freeze 
the  water  on  the  outfide  of  the  inner  veflel,  and 
may  be  taken  out  as  a coating  of  ice  adhering 
to  it.  As  fome  of  the  ether  fpurts  out  during 
the  ebullition,  it  fhould  be  prevented  from  mix- 
ing with  the  water  on  the  outfide,  which  would 
retard  its  congelation. 

Advantage  is  taken  of  the  cold  produced  by 
evaporation  to  manufacture  ice  in  the  tropical 
climates,  where  the  natural  temperature  is  never 
fo  low  as  3 2°.  At  Benares,  in  the  Eaft  Indies, 
very  porous  earthen  veflels  are  employed,  and 
the  water  conftantly  and  flowly  oozing  through 
them  produces  by  its  evaporation  fuflicient  cold 
in  the  night  to  form  a thin  coating  of  ice.  (See 
the  article  Freezing.)  In  Spain,  and  many  of 
the  Mediterranean  countries,  water  is  kept  con- 
ftantly cool  by  being  kept  in  porous  earthen 
jars,  called  in  Spain  Alcarazzas,  and  in  Egypt 
Balajfes , which  furniflr  a conftant  evaporation 
from  their  furface.  Bottles  of  wine  and  other 
liquors  are  cooled  by  being  fet  in  thefe  jars  with 
water  interpofed. 

The  evaporation  conftantly  going  on  from  the 
furface  of  animal  bodies  in  the  form  of  infenfible 
or  fenfible  perfpiration,  is  the  principal  cooling 
procefs  to  check  the  accumulation  of  heat  in  the 
fyftem,  and  it  is  well  known  by  the  feelings  of 
every  one  how  much  this  evaporation  is  en- 
creafed  (in  the  healthy  body)  by  external  tem- 
perature, exercife,  and  other  circumftances  that 
encreafe  the  production  of  heat.  The  remark- 
able experiments  of  Sir  C.  Blagden,  Dr.  Fordyce, 
and  others,  in  an  exceflively  heated  room,  ftiew 
that  the  living  animal  can  exift  in  a dry  heat  even 
above  21 2°,  that  of  boiling  water,  and  that  the 
internal  temperature  remains  notwithftanding 
nearly  at  its  natural  point  of  about  98°,  the 
enormous  excefs  of  external  temperature  being 
counteracted  by  the  profufe  perfpiration.  (See 
the  article  Respiration.) 

The  conftitution  of  fome  of  the  permanent 
gaffes,  or  thole  that  remain  in  a gafeous  ftate 
in  the  temperature  of  the  atrnofphere,  thews 
the  combination  of  latent  caloric  neccffary  to 
the  gafeous  ftate,  though  not  in  fo  marked  a 
manner  as  the  vapours.  Several  of  the  - gafes 
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may  readily  be  condenfed  into  tbe  liquid  ftate 
by  union  with  water,  and  fome  by  union  with 
each  other  even  pafs  into  folids.  In  both  thefe 
cafes  fenfible  heat  fhould  be  given  out  to  the 
furrounding  bodies,  as  in  the  condenfation  of 
fteam,  and  this  actually  happens,  though  by  no 
means  in  fuch  quantity.  Thus  when  fulphuric 
acid  is  added  to  common  fait,  muriatic  acid  gas 
is  given  out  in  great  abundance,  and  in  clofe 
dry  veffels  it  fcarcely  exceeds  the  temperature 
of  the  air  at  the  time,  or  if  furrounded  with  ice 
may  readily  be  cooled  to  3 2°.  But  if  a large 
Itream  of  this  gas  be  palled  into  water,  it  is 
immediately  condenfed,  uniting  with  this  fluid 
into  liquid  muriatic  acid,  and  during  the  procefs 
fo  much  heat  is  given  out  as  to  raile  the  liquid 
even  as  high  as  1 6o°  ; fo  that  in  preparing  it, 
it  is  necefl'ary  to  keep  the  veflel  artificially  cool 
by  wet  cloths  or  ice.  The  caloric  given  out  is 
that  which  was  latent  in  the  gas  during  its 
aeriform  ftate.  Alfo  if  muriatic  gas  and  ammo- 
niacal  gas,  both  of  the  common  temperature, 
be  mixed  together,  they  inftantly  unite,  form- 
ing white  clouds  of  folid  muriated  ammonia, 
and  by  lofing  their  gafeous  form  fo  much  heat 
is  given  out  as  to  make  the  veflel  very  fenfibly 
warm  to  the  hand.  It  mult  be  mentioned  how- 
ever that  the  quantity  of  caloric  given  out  by 
the  permanent  gaffes  during  their  union  with 
folids  or  liquids,  is  in  no  degree  proportioned 
to  the  eafe  with  which  they  are  condenfed,  and 
is  in  many  cafes  fo  fmall  as  to  be  fcarcely  if  at 
all  perceptible  by  the  thermometer. 

Of  Specific  and  Abfolute  Caloric. 

When  equal  quantities  of  the  fame  fubftance, 
but  of  different  temperatures,  are  mixed  to- 
gether, the  temperature  after  mixture  is  very 
exactly  the  arithmetical  mean,  or  the  middle 
point  between  the  higheft  and  loweft.  Thus 
when  a pound  of  water  at  50°  is  mixed  with  a 
pound  of  water  at  90°,  the  mixture  will  be 
70°  (allowing  for  the  effedt  of  the  veflel  itfelf 
in  which  they  are  contained,  and  taking  pre- 
cautions to  avoid  any  fenfible  error  from  the 
temperature  of  the  furrounding  air.)  Now, 
though  the  abfolute  quantity  of  heat  contained 
in  each  pound  of  water  is  unknown,  it  is  obvious 
that  the  water  at  90°  contains  as  much  heat  as 
the  water  at  50°;  and  in  addition,  as  much  as 
is  requifite  to  raife  it  40  degrees  of  a certain 
thermometrical  fcale.  After  mixture  the  two 
pounds  therefore  contain  twice  as  much  heat  as 
will  raife  one  pound  of  water  to  50°,  and  befides, 
as  much  as  will  raife  one  pound  40  degrees. 
The  firft  portion,  being  permanent,  may  be  put 


out  of  the  queftion,  and  therefore,  only  con- 
fidering  that  which  forms  the  excefs  between 
the  two,  it  appears  that  as  much  caloric  as  will 
raife  one  pound  of  water  40  degrees  will  raife 
two  pounds  20  degrees.  Now  all  the  experi- 
ments on  the  diftribution  of  caloric  fhew  that 
two  bodies  unequally  heated  when  mixed  to- 
gether will  fooner  or  later  acquire  an  equal, 
temperature,  the  cooler  body  gaining  precitely 
what  the  hotter  body  lofes  •,  and  as  in  the  above 
example  the  temperature  of  70°  is  the  middle 
point  between  50°  and  90°,  the  hotter  and  the 
cooler,  it  appears  that  equal  quantities  of  heat 
are  required  to  raife  equal  weights  of  water  the 
fame  number  of  degrees  of  temperature,  what- 
ever be  the  actual  temperature  before  the  caloric 
is  added.  This  inference  is  confirmed  by  ex- 
periments made  at  various  parts  of  the  range 
from  3 20  to  2120. 

But  if  equal  weights  of  heterogeneous  fub- 
ftances  are  employed,  the  refult  is  widely  dif- 
ferent, the  temperature  after  mixture  being 
never  the  mean  of  the  thermometrical  difference, 
but  fometimes  above,  fometimes  below  it.  Thus 
if  a pound  of  water  at  40°  be  mixed  with  a 
pound  of  mercury  at  69°,  the  temperature  of 
the  mixture  will  not  be  54. 50,  the  arithmetical 
mean,  but  only  41°.  Confequently  the  mer- 
cury has  loft  28  degrees  of  heat,  all  of  which 
has  been  abforbed  by  the  water,  and  has  only 
raifed  it  1 degree,  and  therefore  it  may  be  ftated 
that  it  requires  twenty-eight  times  as  much 
caloric  to  raife  water  to  a given  temperature  as 
to  raife  an  equal  weight  of  mercury  to  the  fame 
point.  This  power  of  retaining  caloric  or  pro- 
portion between  the  quantity  of  heat  received 
and  the  confequent  rife  of  temperature,  was 
firft  termed  by  Dr.  Black,  Capacity  for  Heat , 
an  expreffion  which  is  fufficiently  intelligible 
though  not  perfedtly  accurate.  It  has  been 
adopted  by  Dr.  Irvine  and  Dr.  Crawford, 1 who 
were  among  the  firft  to  elucidate  this  moft  im- 
portant fubje£t,  and  to  bring  to  regular  demon- 
ftration  what  was  only  fuggefted  by  Black.  Thus 
in  the  inftance  above  mentioned,  water  is  faid 
to  have  twenty-eight  times  the  capacity  for 
caloric  that  mercury  has,  becaufe  it  will  hold, 
or  requires,  twenty-eight  times  as  much  heat, 
to  produce  an  equal  change  of  temperature. 
The  term  Specific  Caloric  is  better  devifed  to 
exprefs  the  fame  thing,  that  is  to  fay,  the  pro- 
portional quantities  of  caloric  requifite  to  raife 
equal  weights  of  matter  the  feme  number  of 
degrees  of  thermometrical  temperature.  This 
is  exactly  the  fame  as  the  refpe£tive  capacities 
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for  heat,  and  the  numbers  that  exprefs  the 
capacities  are  inverfely  as  the  degrees  of  tem- 
perature to  which  the  feveral  fubftances  are 
raifed  by  equal  quantities  of  heat.  Thus  in  the 
inftance  above  given,  equal  quantities  of  heat 
will  raife  mercury  28  degrees  and  water  1,  and 
therefore  the  fpecific  caloric  or  capacity  of  calo- 
ric of  the  two  liquids  is  inverfely  as  28:1,  or 
when  water  is  reckoned  as  unity,  mercury  will 
be  —y*  As  all  thefe  numbers  are  comparative 
with  each  other,  and  do  not  exprefs  any  abfolute 
quantity  of  heat,  it  is  neceffary  and  convenient 
to  affume  a common  ftandard  of  comparifon, 
and  here,  as  in  the  cafe  of  fpecific  gravity,  water 
is  the  ftandard  fixed  upon,  and  afiumed  to  be 
unity.  The  fubftances  compared  are  alfo  gene- 
rally eftimated  by  equal  weights  and  not  meafures , 
but  the  former  may  be  readily  converted  into 
the  latter  by  multiplying  into  their  fpecific  gra- 
vities. Thus  as  mercury  is  (in  round  numbers) 
14  times  as  heavy  as  the  fame  bulk  of  water, 
epual  bulks  of  the  two  liquids  would  give  14 
pounds  of  mercury  to  one  pound  of  water,  and 
if  thefe  are  mixed  at  the  refpedtive  temperatures 
of  69  and  40,  the  mixture  will  be  about  49-i-, 
making  the  refpedtive  capacities  of  water  and 
mercury  as  1 to  -5-  with  equal  bulks. 

Two  data  mull  be  afiumed  in  this  calculation, 
the  one,  that  equal  degrees  of  the  thermometer 
will  meafure  equal  increments  of  heat ; and  the 
other,  that  the  fpecific  caloric  of  bodies  remains 
the  fame  in  any  temperature,  provided  the  form 
is  unchanged.  It  has  been  already  mentioned 
that  the  expanfion  of  mercury  is  nearly,  though 
not  rigoroufly,  uniform  in  all  the  common  tem- 
peratures at  which  experiments  are  made,  that 
is  for  a confiderable  dillance  above  and  below 
the  points  of  freezing  and  boiling  water  : and 
the  very  accurate  experiments  of  Crawford  fhew 
that  much  reliance  may  be  placed  on  the  general 
pofition  that  the  capacities  for  heat  are  equal  in 
the  fame  fubftance  at  every  temperature,  while 
rhe  form  remains  the  fame. 

The  general  formula  for  eftimating  the  fpecific 
caloric  of  bodies  from  the  temperature  refulting 
from  the  mixture  of  two  fubftances  at  unequal 
temperatures,  whatever  be  their  refpedtive  quan- 
tities, is  the  following,  but  it  is  convenient  that 
one  of  thefe  fubftances  be  water,  as  it  is  the 
ftandard  of  comparifon,  and  its  fpecific  caloric 
is  therefore  reckoned  as  =rri.  Multiply  the 
weight  of  water  by  the  difference  between  its 
temperature  before  mixture,  and  that  of  the 
mixture  itfelf.  Alfo  multiply  the  weight  of  the 


other  fubftance  by  the  difference  between  its 
temperature  and  that^  of  the  mixture.  Divide 
the  firft  product  by  the  fecond,  and  the  quotient 
will  exprefs  the  fpecific  caloric  of  the  other  fub- 
ftance, that  of  water  being  1.  For  example, 
fuppofe  20  ounces  of  water  at  105°  be  mixed 
with  12  ounces  of  fpermaceti  oil  at  40°,  and 
the  temperature  after  mixture  be  90°.  Then 
multiply  20  by  15  (the  difference  between  105® 
and  90°)  300:  and  multiply  12  by  50  (the 

difference  between  40°  and  90°)  nr:  600  : and 
3©o  divided  by  6co  will  give  \ or  .5,  which  is 
the  fpecific  caloric  of  the  oil,  compared  to  that 
of  water,  which  is  1 . The  fame  rule  holds  when 
the  water  is  the  colder  of  the  two. 

The  above  rule  gives  the  fpecific  caloric  of 
equal  weights  of  the  two  fubftances : to  make  it 
apply  to  equal  bulks  the  fpecific  caloric  of  the 
fubftance  compared  with  water  muft  be  mul- 
tiplied by  its  fpecific  gravity.  Thus  in  the  above 
inftance  if  the  fpecific  gravity  of  the  oil  be  .92, 
the  fpecific  heat  for  equal  hulks  will  only  be  .4 <5, 
for  this  converfion  into  equal  bulks  is  in  fadt 
the  fame  as  diminifhing  the  weight,  when  oil  is 
the  fubjedt  of  experiment.  Therefore  when  the 
comparifon  of  equal  weights  is  converted  into 
that  of  equal  meafures  or  bulks , thofe  fubftances 
that  are  lighter  than  water  will  have  the  number 
exprefling  the  fpecific  caloric  diminifsed , and 
thofe  that  are  heavier  will  have  it  encreafed. 

Many  precautions  are  required  in  thefe  ex- 
periments to  enfure  tolerable  accuracy,  and  the 
effedt  of  the  vefl'el  itfelf  muft  be  eftimated 
feparately  by  previous  experiment.  m 

The  fpecific  caloric  of  folids  was  afcertained 
very  early  in  this  enquiry  by  Wilcke  of  Sweden, 
and  publifhed  in  the  Stockholm  Academy  Tranf- 
adtions  for  1772.  By  ingenious  calculations11 
he  found  firft  the  quantities  of  water  required 
to  produce  a fimilar  effedf  with  that  of  the  folid 
employed,  whence  the  fpecific  caloric  was  after- 
wards deduced. 

Mr.  Leflio  fuggefts0  an  elegant  and  Ample 
mode  of  determing  the  fpecific  caloric  of  bodies 
from  obferving  their  relative  times  of  cooling 
a certain  number  of  degrees  comparatively  with 
water  in  fimilar  circumftances.  A very  thin 
glafs  globe,  with  a narrow  neck  to  receive  the 
bulb  of  a fine  thermometer,  is  a convenient 
veffel  for  this  purpofe.  Firft  fill  it  with  hot 
water,  and  obferve  the  time  required  to  cool  a 
certain  number  of  degrees,  eftimating  always 
from  the  temperature  of  the  room,  or  better  a 
given  number  of  degrees  above  it,  and  not  from 


■ Crawford.  * Thompfon’s  Chemiftry,  vol.  i.  where  they  are  accommodated  to  Fahrenheit’s  thermometer. 
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any  fixed  point  on  the  fcale  : take,  for  example, 
the  thirty  degrees  included  between  the  fortieth 
and  the  tenth  degree  above  the  heat  of  the  room. 
Let  this  be  a ftandard  and  reduce  it  to  unity ; 
then  fill  the  glafs  with  auy  other  liquid,  and  the 
time  of  its  lofing  the  fame  thirty  degrees  will 
exprefs  in  direct  proportion  the  fpecific  caloric. 
Thefe  refults  only  give  the  fpecific  caloric  of 
equal  bulks,  to  reduce  them  to  equivalent  ex- 
prelfions  of  equal  weights  divide  them  by  the 
fpecific  gravities.  Thus  Mr.  Leflie  found  that 
a very  thin  glafs  ball  of  24-  inches  diameter  filled 
with  water,  cooled  a certain  number  of  degrees 
of  temperature  in  70  minutes,  and  when  filled 
with  oil  it  cooled  to  the  fame  point  in  32 
minutes.  Therefore,  reducing  water  to  1.,  the 
fpecific  caloric  of  oil  of  equal  bulk  will  be  .46. 
This  divided  by  .92,  the  fpecific  gravity  of  oil, 
will  give  .5  for  the  fpecific  caloric  of  equal 
weights.  When  folids  are  to  be  examined  they 
mult  be  broken  into  fragments,  put  into  the 
glafs  globe,  and  filled  up  with  water,  and  the 
fpecific  effect  of  the  water  mull  be  feparately 
eftimated  and  deducted  from  that  which  belongs 
to  the  folid,  by  rules  of  which  the  reader  will 
find  many  examples  in  Crawford’s  treatife.  In 
ufing  this  apparatus  with  perfedt  accuracy,  the 
feparate  effect  of  the  glafs  fhould  alfo  be  ac- 
counted for,  and  care  fhould  be  taken  in  the 
cooling  to  avoid  -currents  of  air,  or  any  other 
circumftance  that  might  derange  the  uniformity 
of  the  procefs. 

The  capacity  of  gaffes  and  vapours  differs 
refpedtively,  according  to  the  nature  of  the  gas  ; 
and  alfo  in  each  individual  gas,  it  varies  largely 
according  to  its  denfity,  or  the  preffure  to  which 
it  is  expofed.  Every  aeriform  fubftance  being 
a highly  elaftic  fluid,  is  readily  dilated  or  con- 
denfed  by  diminifhing  or  adding  to  its  preffure, 
and  it  is  found  that  fudden  dilatation  produces 
cold  in  the  furrounding  bodies,  and  fudden  con- 
denfation  gives  out  Heat.  Confequently  the 
capacity  for  caloric  mult  encreafe  by  expanfion, 
and  a fimilar  effe£t,  but  much  lefs  in  degree, 
takes  place  by  this  procefs,  as  in  the  prodigious 
expanfion  of  water  into  Iteam,  or  ether  into 
etherized  vapour ; that  is,  the  abforption  of 
caloric  from  all  the  adjacent  parts,  in  order  to 
fupply  the  demand  produced  by  the  fudden 
encreafe  of  capacity  for  caloric  in  the  vapour. 

It  has  long  been  obferved  that  if  a ther- 
mometer be  encloled  in  a fmall  receiver  and  the 
air  brilkly  exhaufted,  the  mercury  rapidly  finks 
a few  degrees,  after  which  it  flowly  rifes  to  the 
common  temperature  of  the  room.  When  the 

* Journ,  Phyf.  tom.  48.  p.  166. 


air  is  again  let  into  the  receiver,  the  thermometer 
again  fuddenly  rifes  a few  degrees  above  the 
common  temperature,  after  which  it  flowly 
fettles  again  to  the  fame  point,  fhewing  the 
oppofite  effedt  of  condenfation  in  diminifhing 
the  capacity  for  caloric,  and  confequently  ex- 
pelling a part  of  the  heat  of  the  air  in  a fenfible 
form.  An  artificial  condenfation  of  the  common 
air  produces  a fimilar  effedt.  This  is  performed 
for  experiment  in  a cotidenfer , which  is  a ftron£ 
air-tight  pilton,  by  working  which  an  additional 
quantity  of  air  may  be  thrown  into  any  confined 
veffel.  A thermometer  enclofed  in  it  rifes  feve- 
ral  degrees  during  the  condenfation.  The  fame 
extrication  of  heat  from  condcnfed  air  is  alfo 
{hewn  in  working  the  air-gun,  which  foon  makes 
the  barrel  very  fenfibly  hot  to  the  hands ; and 
the  blaft  of  condenfed  air  when  difeharged  on 
the  bulb  of  a thermometer  finks  it  a few  degrees, 
owing  to  the  cold  produced  by  the  fudden  ex- 
panfion. This  ftriking  occurrence  takes  place 
on  a vaft  fcale  at  the  fountain  of  Hiero,  at  the 
mines  of  Chemnitz,  in  Hungary.  A part  of  the 
machinery  for  working  thefe  mines  is  a perpen- 
dicular column  of  water  260  feet  high,  which 
prefles  on  a quantity  of  air  enclofed  in  a tight 
refervoir.  The  air  is  confequently  condenfed 
to  an  enormous  degree  by  this  height  of  water, 
which  is  equal  to  8 or  9 atmofpheres,  and  when 
a pipe  communicating  with  this  refervoir  of 
condenfed  air  is  fuddenly  opened,  it  rufhes  out 
with  extreme  velocity,  inftantly  expands,  and  in 
fo  doing  it  abforbs  fo  much  caloric  as  to  pre- 
cipitate the  moifture  it  contained,  in  a fhower 
of  very  white  compadt  fnow,  or  rather  hail, 
which  may  readily  be  gathered  on  a hat  held  in 
the  blaft.  The  force  of  this  is  fo  great  that  the 
workman  who  holds  the  hat  is  obliged  to  lean 
his  back  againft  the  wall  to  retain  it  in  its 
pofition.  p If  the  cock  of  the  pipe  is  only  partly 
opened,  the  fnow  is  {till  more  compadt. 

Another  ftriking  experiment,  the  diredt  reverfe 
of  the  foregoing  (that  is  the  fudden  heating  of 
bodies  contiguous  to  air  in  the  adt  of  conden- 
fation) is  given  in  the  Bulletin  des  Sciences.  q 
If  the  air  be  very  rapidly  comprefl'ed  in  the  ball 
of  an  air-gun,  fo  great  a quantity  of  heat  is  dif- 
engaged  from  it  at  the  firft  ftroke  as  adtually  to 
fet  fire  to  a morfel  of  amadou  (or  fungus  match 
with  nitre)  enclofed  in  the  ball.  If  the  body  of 
the  pump  be  terminated  with  a moveable  end 
formed  by  a piece  of  fteel  ferewed  on,  and  fur- 
nifhed  in  its  centre  with  a glafs  lens,  a ray  of 
vivid  light  will  be  perceived  on  the  firft  ftroke 
of  the  pifton. 

’ Phil.  Jour.  vol.  ix.  p 30a. 
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The  capacity  of  the  vapour  of  condenfible 
fluids  appears  to  be  ftiil  more  encreafed  by  ex- 
panfion  than  that  of  the  permanent  gaffes,  and 
confequently  the  vaporization  of  liquids  requires 
more  heat  when  the  vapour  exifts  in  an  expanded 
than  in  a condenfed  ftate.  This  circumftance 
throws  a great  obftacle  to  the  plan  of  diftillation 
in  vacuo  economically  confidered,  which  has 
been  propofed  by  fome  ingenious  perfons,  and 
which  at  firft  fight  would  appear  to  promil'e 
many  advantages..  It  is  undoubted  that  a liquid 
will  evaporate  and  boil  in  vacuo  at  a much  lower 
temperature  than  in  the  free  air,  but  the  con- 
flitution  of  vapour  in  this  fituation  requires  a 
much  greater  quantity  of  combined  caloric  than 
when  under  external  preffure  ; and  confequently, 
the  advantage  gained  by  boiling  at  a lower  tem- 
perature is  counterbalanced  by  the  larger  quan- 
tity of  fuel  required  to  furnilh  tire  additional 
dofe  of  combined  or  latent  caloric  demanded  by 
the  vapour  when  uncompreffed.  The  experi- 
ments of  Mr.  Watt  firft  proved  the  truth  of 
this  pofition. r A fmall  Hill  was  half  filled  with 
water  and  very  clofely  luted  to  the  worm-pipe 
of  the  cooler,  which  was  alfo  furnilhed  with  an 
air-tight  ftop-cock  at  the  lower  end  through 
which  the  dillilled  liquor  drops  in  common  dif- 
tillation. To  empty  the  whole  apparatus  of  air, 
the  water  in  the  ftiil  was  made  to  boil  violently 
and  the  fleam  to  pafs  through  the  whole  of  the 
worm-pipe  uncondenfed,  no  water  being  put 
into  the  tub  of  the  cooler.  This  expelled  nearly 
all  the  common  air  contained  in  the  vefl'els,  and 
the  flop-cock  was  immediately  clofed  and  the 
fire  removed.  The  fleam  then  condenfed,  and 
nearly  a perfect  vacuum  was  left  in  the  vefl'els. 
The  cooler  was  then  filled  with  cold  water  and 
the  flill  very  flowly  heated,  the  ftop-cock  at  the 
bottom  remaining  all  the  while  clofed.  The 
water  diftilled  perfe£lly  well  in  tins  vacuum  at 
a very  low  temperature,  and  the  heat  of  the 
fleam  was  found  to  be  only  ioo°inftead  of  212° 
as  in  common  boiling,  fo  that  the  vefl'els  fcarcely 
felt  hot  to  the  hand.  But  by  eftimating  the 
heat  acquired  by  the  water  of  the  cooling-tub 
during  the  condenfation  of  the  fleam,  it  was 
found  to  be  fo  much  more  than  what  would 
have  been  produced  by  common  fleam,  that  by 
calculations  fimilar  to  thofe  already  mentioned, 
the  latent  heat  of  this  uncompreffed  fleam  mull 
be  reckoned  at  1048,  inftead  of  about  840,  the 
heat  of  common  fleam.  With  a more  perfect 
vacuum,  Mr.  Watt  found  that  water  would 
diftil  very  well  at  70°,  but  then  the  latent  heat 
of  its  vapour  approaches  to  1300. 

’ Slack’s  Lectures,  p.  188. 


From  the  refult  of  fome  experiments  devifcd 
with  great  ingenuity,  Mr.  Dalton s concludes 
that  the  heat  and  cold  produced  by  the  mechani- 
cal rarefaction  and  condenfation  of  air  is  in  fact 
much  more  than  is  indicated  by  the  thermometer 
(which  rifes  or  falls  only  a very  few  degrees), 
on  account  of  the  fmall  fize  of  the  vefl'els  ufed 
in  the  experiments,  and  the  comparative  fud- 
dennefs  with  which  the  equilibrium  is  reftored 
from  without.  The  rapidity  of  the  change  of 
the  thermometer  in  thefe  cafes  compared  to  the 
time  required  for  an  equal  change,  when  the 
inftrument  rifes  or  falls  a few  degrees  in  the 
open  air,  feems  to  confirm  the  conjedlure  of  a 
great  excefs  of  heat  or  cold  a£ling  fuddenly, 
and  as  fpeedily  counteracted ; and,  among  others, 
the  following  experiments  appear  to  prove  it. 
A fmall  graduated  glafs  tube,  10  inches  long, 
and  with  a bore  only  T'T  of  an  inch  diameter, 
was  clofed  at  the  lower  end,  and  a fhort  column 
of  mercury  introduced  a little  way  down  the 
upper  or  open  end.  The  bore  of  the  tube  being 
fo  fmall,  the  mercury  remained  where  it  was 
introduced  without  dropping  down,  thus  fepa- 
rating  from  the  external  air  that  portion  of  air 
which  was  contained  in  the  part  of  the  tube 
below  it,  but  by  its  rife  or  fall  it  would  readily 
indicate  the  expanfion  or  contraction  of  this 
confined  portion  of  air.  The  tube  was  intro- 
duced under  a glafs  receiver  of  an  air  pump,  to 
which  a condenfer  was  alfo  attached.  The 
receiver  therefore  would  contain  two  very  un- 
equal portions  of  air,  but  under  the  fame  cir- 
cumftances  of  preffure,  the  fmaller  portion  being 
that  very  minute  quantity  intercepted  in  the 
glafs  tube  between  the  mercury  and  the  clofed 
extremity,  and  the  larger  portion  being  all  the 
reft  of  the  contents  of  the  receiver.  Now,  as 
the  fmaller  portion  is  clofely  contiguous  to  a 
thick  wall  of  glafs,  and  is  only  T'T  of  an  inch  in 
diameter,  all  the  changes  of  temperature  within 
it,  arifing  from  rarefa&ion  or  condenfation 
altering  its  capacity  for  caloric,  may  fairly  be 
fuppofed  to  be  almoft  inftantly  counteracted, 
and  the  equilibrium  reftored  by  the  contiguous 
parts ; but  in  the  larger  portion,  which  includes 
by  far  the  greater  part  of  a large  receiver,  a very 
fenfible  time  mull  elapfe  before  the  equilibrium 
can  be  entirely  reftored.  This  time,  the  author 
reckons  at  about  10  feconds. 

In  the  firft  experiment,  the  denfity  of  the 
whole  air  within  the  receiver  was  doubled  by  a 
condenfer,  and  of  courfe  the  fmall  column  of 
mercury  was  preffed  down  in  the  final)  tube, 
communicating  to  the  air  beneath  the  fame 
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preflure  as  that  above.  After  a while  the  cock 
was  fuddenly  opened,  the  cxcefs  of  air  rufhed 
out,  and  the  mercury  again  rofe  in  a few  feconds 
to  its  former  level,  and  the  cock  was  imme- 
diately doled.  The  preflure  from  the  conden- 
fation  was  therefore  removed,  but  the  cold 
thereby  produced  Hill  remained  in  the  air  of  the 
receiver,  though,  for  the  reafons  above  men- 
tioned, it  was  counteracted  in  the  air  of  the 
tube  by  the  heat  it  would  inftantly  abforb  from 
the  glafs  itfelf.  The  column  of  mercury  then 
began  again  to  fink  down  the  tube  (the  cock 
being  all  the  while  clofed)  and  became  ftationary 
when  it  had  Ihortened  of  the  length  of  the  aerial 
column  by  This  was  obvioufly  owing  to 
tire  expanfion  and  preflure  of  the  air  in  the  body 
of  the  receiver  by  the  reftoration  of  the  equili- 
brium of  heat  through  the  fides  of  the  veflel, 
which  acted  in  the  lame  manner  as  the  firft 
condenfer,  and  accordingly,  when  the  cock  was 
again  opened,  air  ruflied  cut  of  the  receiver,  and 
the  mercury  finally  rofe  to  its  firft  level.  The 
next  experiment  was  the  reverfe  of  the  former. 
The  column  of  mercury  was  firft  let  down  to 
within  one-fourth  of  the  length  of  the  tube  from 
the  fealed  end  : three-fourths  of  the  air  was  then 
exhaufted  from  the  receiver  (which  was  known 
by  the  air  in  the  tube  expanding  till  the  mercury 
reached  the  top),  the  ftop-cock  was  opened  for 
a few  inftants  till  the  mercury  had  fubfided  to 
its  former  level ; it  was  then  Ihut,  and  the  mer- 
cury now  rofe  in  the  tube  for  five  or  ten  feconds 
to  more  than  T’o  of  its  original  height,  owing  to 
the  cooling  of  the  air  confined  within  the  body 
of  the  receiver,  and  which  had  acquired  its  heat 
by  the  fudden  condenfation  on  opening  the  ftop- 
cock.  Accordingly  on  again  opening  the  ftop- 
cock,  air  ruflied  in,  and  the  mercury  fubfided 
to  its  former  level.  In  each  experiment  a change 
of  about  ~o  of  the  bulk  of  the  air  of  the  tube 
was  produced  after  the  equilibrium  of  mechani- 
cal preflure  had  been  reftored,  and  confequently 
the  whole  of  this  is  to  be  attributed  to  the 
operation  of  the  encreafed  or  diminilhed  heat ; 
and  as  a change  of  50  degrees'of  heat  is  known 
to  produce  this  quantity  of  effect  on  air,  it  is  to 
be  inferred  that  this  change,  above  or  below  the 
common  temperature,  actually  takes  place  in 
the  receiver  in  the  above  experiments.  The 
condenfation  of  aqueous  vapour  is  very  con- 
fiderable  in  the  firft  experiment,  where  con- 
denfed  air  is  fuddenly  rarefied,  the  fudden  cold 
caufing  this  watery  precipitation  ; but  this  does 
not  contribute  to  the  production  of  the  cold, 
but  has  a contrary  effect,  as  indeed  muft  always 
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happen  when  a vapour  is  converted  tro  a liquid 
form. 

It  has  been  already  mentioned  that  in  the 
eftimation  of  the  fpecific  caloric  of  bodies  they 
are  always  fuppofed  to  retain  the  fame  form, 
that  is,  folid,  liquid,  or  gafeous,  for  it  is  only 
then  that  it  can  be  afl'umed  that  equal  incre- 
ments of  heat  produce  equal  changes  of  ther- 
mometrical  temperature.  But  a knowledge  of 
the  fpecific  heat  of  any  fubftance  will  give  a 
ready  method  of  calculating  the  latent  heat,  or 
the  quantity  of  caloric  abforbed  during  the  fuc- 
ceflive  paflage  from  folidity  to  the  ftate  of  liquid 
or  vapour.  Several  experiments  on  the  latent 
heat  of  melted  metals  are  given  by  Dr.  Irvine, 
junr.  c Bifmuth  will  furnifli  an  example.  This 
metal  when  juft  in  fufion,  or  when  a portion  of 
the  melted  mafs  has  begun  to  congeal,  raifes  the 
thermometerto  476°.  A quantity  of  it  perfectly 
fluid,  and  amounting  to  1575  grains,  was  poured 
into  a veflel  holding  2236  grains  of  water  at 
62°.  The  heat  of  the  mixture  was  86.25°, 
therefore  the  water  had  gained  24.25  degrees, 
and  the  bifmuth  had  loft  389.75  degrees:  and 
hence  1555  grains  of  water  (that  is,  equal  in 
weight  to  the  bifmuth)  would  have  gained  34 
degrees.  Now  the  fpecific  caloric  of  folid  bif- 
muth compared  with  water  is  previoufly  known 
to  be  .042,  fo  that  the  fame  quantity  of  heat 
that  will  raife  water  .042°  will  raife  bifmuth  i°, 
and  confequently  what  will  raife  water  34°  will 
raife  bifmuth  809.5°.  But  the  bifmuth  actually 
loft  only  3^9*75aof  temperature, anti  confequently 
the  difference  between  389.45°  and  809.5°,  or 
4I9-75°>  w^l  exprefs  the  quantity  of  latent  heat 
in  the  melted  metal,  or  that  which  is  loft  when 
melted  bifmuth  at  476°  is  changed  into  folid 
bifmuth  at  the  fame  temperature.  In  actual 
experiment  however  feveral  precautions  are 
required  and  corrections  neceflary,  both  for  the 
quantity  of  water  diflipated  in  fteafn  when  a 
melted  metal  is  poured  into  it,  and  for  the  fmall 
particles  of  metal  which  may  be  carried  off'  or 
oxydated,  and  alfo  for  the  heat  acquired  by  the 
veflel  in  which  the  experiment  is  made.  Befides 
it  is  well  afeertained  that  the  mercurial  ther* 
mometer  becomes  very  fenfibly  inaccurate  as  a 
meafure  of  equal  acceflions  of  heat  when  the 
temperature  is  very  high. 

To  obviate  the  objeftions  that  arife  in  feme 
cafes  from  the  ufe  of  thermometer  as  a meafure 
of  heat,  a very  ingenious  application  was  made 
by  Meffrs.  La  Place  and  Lavoifier,  of  another 
direct  effect  of  heat,  in  order  to  eftimate  re- 
fpective  quantities  of  this  fubtle,  imponderous 
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matter.  The  thermometer  meafures  heat  by 
the  expanfion  of  the  fluid  employed  (which  is 
generally  mercury) ; the  Calorimeter  of  La  Place 
and  Lavoifier  mealures  it  by  the  quantity  of  ice 
at  3 2°,  which  it  melts  under  fimilar  circum- 
ftarfces.  This  method  appears  at  firft  fight  to 
be  capable  of  very  great  accuracy,  for  ice  be- 
ginning to  melt  is  invariably  at  3 2°,  and  the 
quantity  of  water  produced  mult,  if  accurately 
colle&ed,  be  an  exa£t  meafure  of  relative  quan- 
tities of  caloric.  The  calorimeter  is  a hollow 
cylindrical  veflel  made  of  tinned  iron,  and  con- 
taining three  diftinft  concentric  cavities  fepa- 
rated  from  each  other  by  circular  partitions  of 
the  fame  material.  The  object  intended  is  to 
place  the  heated  body  in  contaft  with  or  con- 
tiguous to  ice,  fo  infulated  that  no  heat  can  get 
to  it  but  that  of  the  fubjedft  of  experiment. 
The  inner  cavity  is  intended  for  the  heated 
body ; the  middle  one  contains  the  ice  to  be 
melted  by  it,  and  for  readier  communication 
the  partition  is  perforated  all  over ; and  the 
outer  cavity  alfo  contains  ice,  which  is  intended 
to  detain  the  heat  of  the  external  air,  and  pre- 
vent it  from  reaching  the  ice  of  the  middle 
cavity,  whilft  the  partition  between  the  two 
keeps  entirely  feparate  the  melted  water  of  each. 
A lid  ingenioufly  contrived  with  correfponding 
partitions  fhuts  over  the  whole.  At  the  bottom 
are  two  pipes,  one  communicating  with  the 
outer,  the  other  with  the  middle  cavity.  The 
water  from  the  melted  ice  drains  off  through 
them,  that  from  the  outer  cavity  is  not  noted, 
but  that  from  the  middle  is  carefully  collefted 
and  weighed.  Some  fmaller  precautions  are  re- 
quired, and  an  extenfion  of  the  apparatus  to 
particular  purpofes,  u which  need  not  here  be 
enumerated. 

As  the  quantities  indicated  by  the  calorimeter 
are  only  proportional,  fome  ftandard  of  compari- 
fon  mull  be  fixed  upon,  and  this  the  inventors 
have  determined  to  be  the  quantity  of  caloric 
neceflary  to  melt  a pound  of  ice,  which  therefore 
is  called  1.  This  is  equivalent  to  the  effeft  of 
a pound  of  water  at  1350  above  3 2°,  or  167°, 
which  will  alfo  melt  a pound  of  ice.  The 
example  given  by  Lavoifier  of  the  application  of 
the  inftrument  to  other  bodies  may  be  here 
jnferted.  A quantity  of  iron  rolled  in  narrow 
flips,  and  weighing  7.7070319  pounds,  was 
heated  in  boiling  water  to  207. 50,  or  175.5 
above  3 2°,  and  introduced  within  the  inner 
cavity  of  the  calorimeter.  In  cooling  to  3 2°  it 
melted  1. 109795  pounds  of  water.  Hence  it  is 
found  by  dirett  proportion  that  if  175.5  degrees 


of  caloric  above  320  will  melt  1.109795  pounds 
of  ice  : : 135  degrees  above  3 2°  would  melt 
0.85384  pounds.  And  1350  above  320,  or  167°, 
is  the  temperature  to  which  a pound  of  water 
muft  be  raifed  to  melt  a pound  of  ice.  There- 
fore by  equal  lofles  of  temperature , 1 pound  of 
water  will  melt  1 pound  of  ice,  and  7.7.070319 
pounds  of  iron  will  melt  0.85384  pounds  of 
ice;  or  (dividing  0.85384  by  7.70703 19)  X pound 
of  iron  will  melt  . 1 109  pound  of  ice.  There- 
fore the  quantity  of  caloric  given  out  by  iron,  is 
to  that  given  out  by  water,  at  equal  differences 
of  temperature,  as  .1109  to  1. 

In  meafuring  temperatures  near  the  utmoft 
limit  of  the  fcale  of  the  mercurial  thermometer 
and  upwards,  the  calorimeter  may  certainly  be 
made  a valuable  inftrument ; but  it  appears 
from  fome  experiments  by  the  late  Mr.  Wedge- 
wood,  v that  it  is  fcarcely  poflible  to  feparate 
with  accuracy  the  melted  water  from  the  ice 
remaining  in  the  middle  cavity  of  the  inftru- 
ment, and  even,  as  it  fhould  feem,  a portion  of 
the  thawed  ice  again  freezes,  fo  as  to  throw 
much  uncertainty  on  this  method  of  eftimating 
relative  quantities  of  caloric. 

The  attempts  that  have  been  made  by  feveral 
very  accurate  experimentalifts  to  weigh  caloric 
need  not  be  particularly  defcribed.  Fordyce, 
Lavoifier,  Rumford,  and  Higgins,  have  each 
inftituted  experiments  with  great  care,  but  the 
refults  of  none  prove  unexceptionably  that  any 
weight  can  be  attributed  to  caloric,  or  that  any 
fubftance  within  the  reach  of  human  inftru- 
ments  weighs  lefs  when  cold  than  when  hot, 
no  other  change  having  taken  place  than  the 
mere  lofs  of  caloric.  In  balances  that  are  ad- 
jufted  with  extreme  accuracy,  the  vicinity  of  a 
hot  body  to  one  end  of  the  fcale  beam  will 
l'eadily  expand  it  enough  to  deftroy  for  a time 
the  equilibration ; and  if  this  caufe  of  error  is 
avoided  by  allowing  a confiderable  time  to  elapfe 
between  the  weighing  of  the  fubftance  before 
and  after  the  lofs  of  heat  (it  being  at  the  tem- 
perature of  the  atmofphere  in  each  cafe)  a flight 
change  may  probably  have  taken  place  in  the 
weight  of  the  air,  amounting  to  a fenfible  dif- 
ference of  the  barometer,  which  will  caufe  an 
additional  difficulty  in  thcfe  delicate  refearches. 
Even  if  fome  afcertainable  weight  could  be 
found  to  a confiderable  quantity  of  caloric,  it  is 
obvious  that  the  balance  could  never  be  prac- 
tically employed  as  a fubftitute  to  the  ther- 
mometer. 

Of  Abfoluie  Caloric. 

The  fpecific  caloric  of  a body  has  been  fhewn 
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to  be  tbe  proportional  quantity  of  caloric  necef- 
fhry  to  raife  its  temperature  any  given  number 
of  degrees,  compared  with  that  required  to  raife 
an  equal  weight  of  any  other  body,  and  efpecially 
water,  which  is  the  ftandard  generally  agreed 
upon.  The  proportions  between  thefe  refpe&ive 
quantities  are  affirmed  to  be  the  fame  at  any 
actual  temperature,  provided  the  refpeftive 
{fates  remain  unchanged,  that  is,  provided  folids 
remain  folid ; liquids,  liquid ; and  gaffes,  gafi- 
form.  For  example,  it  requires  twice  as  much 
caloric  to  raife  tin  to  any  given  point  as  it  does 
to  raife  lead  to  the  fame,  or,  expreffed  in  the 
proportions  to  water,  the  fpecific  caloric  of  tin, 
according  to  Dr.  Crawford,  is  .070,  and  of  lead 
is  .035,  and  thefe  proportions  are  fuppofed  to 
be  the  fame  from  the  loweft  poffible  tempera- 
ture to  any  degree  fhort  of  the  melting  point  of 
tin,  which  is  the  moft  eafily  fufible  of  the  two. 
Confequently,  if  they  could  be  put  in  a fituation 
to  be  deprived  of  all  their  caloric  of  tempera- 
ture, the  tin  would  lofe  exaftly  double  the 
quantity  that  the  lead  would  do,  and  therefore 
at  all  equal  temperatures  the  abfolute  quantity 
of  heat  contained  in  tin  is  double  that  of  the 
lead. 

This  leads  to  the  enquiry  into  the  real  2.ero>  or 
the  point  of  abfolute  cold  meafured  by  an  equi- 
differential  thermometer,  for  though  fuch  a 
thermometrical  meafurement  is  practically  im- 
poflible,  tire  fcale  may  be  hypothetically  extended 
indefinitely  to  any  diftance  below  the  aCtual 
zero.  It  may  be  premifed  that  there  is  no  reafon 
to  fuppofe  that  any  degree,  of  cold,  natural  or 
artificial,  ever  obferved,  has  approached  the 
term  of  abfolute  privation  of  temperature.  For- 
merly the  zero  of  Fahrenheit  was  fuppofed  to 
be  this  point,  but  an  adual  cold  of  at  leaft  40° 
lower  is  now  procurable  without  much  difficulty 
in  the  congelation  of  mercury,  and  by  particular 
means  a cold  of  much  greater  intenfity  may  be 
produced,  though  the  meafurement  below  this 
becomes  very  uncertain,  for  want  of  an  unex- 
ceptionable liquid  for  the  thermometer  when 
mercury  becomes  ufelefs.  Even  in  the  moft 
intenfe  cold  ever  produced,  pure  alcohol  remains 
fluid,  ami  the  permanent  gaffes  retain  their 
gafeous  form,  but  from  analogy  we  mav  reafon- 
ably  fuppofe  that  alcohol  owes  its  fluidity  to  the 
combination  of  caloric,  and  perhaps  that  the 
gaffes  themfelves  might  be  brought  to  a liquid 
or  folid  ftate  by  abftra£tion  of  heat.  However 
as  the  leaft  computation  of  the  real  zero  places 
it  at  leaft  five  times  the  diftance  between  freez- 
ing mercury  and  boiling  water  below  any 


obferved  cold/ no  material  objeftion  can  arile  to 
thefe  computations  from  the  probable  effect  of 
abfolute  cold  on  the  hitherto  uncongealable 
bodies. 

The  late  Dr.  Irvine,  of  Glafgow,  was  the  firft 
who  inftituted  a theorem  for  the  determination 
of  the  real  zero,  and  this  fubje£t  has  been  fur- 
ther examined  by  Crawford,  Gadolin,  and  many 
other  very  accurate  experimenters.  Unfortu- 
nately there  exift  fuch  material  obje£tions  to 
the  data  which  muft  be  affumed  as  the  bafes  of 
thefe  calculations  that  a fhort  notice  in  this 
place  will  fulfice. 

Dr.  Irvine’s  moft  ingenious  theory  is  founded 
on  the  comparifon  between  the  fenfible  heat 
given  out  when  a fubftance  paffes  from  a ftate 
of  greater  to  a lefs  capacity  for  caloric,  and  the 
difference  between  the  capacity  in  each  ftate : 
thus  it  is  afeertained  that  about  140  degrees  of 
heat  are  given  out  when  water  is  converted  to 
ice  (or,  what  amounts  to  the  fame,  that  ice  at 
320,  in  thawing  abforbs  as  much  heat  as  would 
raife  water  at  320  to  about  172°)  and  the  capacity 
of  ice  is  to  that  of  water  as  9 to  10.  Water 
therefore  contains  as  much  abfolute  caloric  as 
ice,  and  140  degrees  additional ; and  it  is  af- 
fumed that  the  abfolute  caloric  of  water  com- 
pared to  that  of  ice,  is  as  their  fpecific  calorics, 
or  as  10  to  9 : and  hence  it  follows  that  140°  is 
one-tenth  of  the  abfolute  quantity  contained  in 
water,  or  that  the  entire  quantity  is  1400°.  Or 
in  other  terms,  the  difference  of  the  capacities 
before  and  after  the  change,  is  to  the  capacity 
after  the  change,  as  the  fenfible  heat  produced  is 
to  the  whole  number  of  degrees  of  heat  which 
the  body  contained  previous  to  the  alteration  in 
its  form. 

Another  method  given  by  Dr.  Irvine  of  afeer- 
taining  the  quantity  of  abfolute  heat  is  by  the 
difference  of  temperature  that  generally  refults 
from  the  mixture  of  two  bodies,  compared  with 
their  refpetlive  capacities  for  heat.  Sulphuric 
acid  and  water  are  very  convenient  examples, 
as  the  fenfible  heat  evolved  on  mixture  is  very 
confiderable.  To  render  it  a meafure  of  the 
abfolute  heat,  it  fhould  be  produced  merely 
from  the  capacity  for  heat  of  the  mixture  being 
lefs  than  the  mean  capacities  of  the  two  before 
mixture,  relative  to  their  refpe£Hve  weights.  w 
It  unfortunately  happens  that  experiments  made 
with  different  mixtures  by  no  means  correfpond 
or  approach  fufficiently  to  a correfpondence  to 
enable  us  to  affume  the  neceffary  datum  that 
the  change  of  temperature  only  arifes  from  a 
change  in  the  capacity  after  mixture,  and  there- 
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fore  we  fhall  merely  refer  the  reader  to  Dr. 
Crawford’s  Treatife  (p.  453  and  feq.)  for  the 
calculations  on  this  curious  experiment. 

It  is  alfo  forcibly  objected  by  Dr.  Robifon  * 
that  it  is  highly  improbable  that  the  proportion 
between  the  actual  lofs  of  caloric  and  the  dimi- 
nution of  temperature  (or  the  fpecific  heat) 
remains  the  fame  towards  the  extremity  of  the 
fcale  of  adlual  privation  of  heat  as  it  does  at 
the  higher  temperatures,  the  form  dill  remain- 
ing unchanged.  So  that,  though  the  calculations 
of  fpecific  heat  may  hold  good  experimentally 
in  all  practicable  cafes,  it  does  not  follow  thence 
that  the  inference  deduced  from  them  can  be 
extended  to  the  extreme  hypothetical  diftance 
which  the  determination  of  the  aCtual  zero 
would  require.  It  is  more  analogous  to  other 
phenomena,  as  Dr.  R.  obferves,  to  fuppofe  that 
in  the  temperatures  nearer  to  that  of  abfolute 
privation,  the  quantities  of  heat  neceflary  for 
producing  equal  elevation  gradually  diminifh, 
as  in  moil  other  progreffions  of  natural  ope- 
rations. The  hypothecs  of  Irvine  and  Crawford 
alfo  fuppofes  an  equal  uniformity  in  the  com- 
parative diminution  of  temperature  in  different 
bodies,  to  allow  of  the  fame  point  of  abfolute 
cold  for  all  fubflances  in  nature.  But  it  is 
equally  improbable  that  this  uniformity  holds 
good  for  different  fubflances  at  all  temperatures, 
and  hence  we  cannot  with  any  certainty  infer 
the  abfolute  heats,  of  different  bodies  from  the 
eflimation  of  the  comparative  fpecific  heats  that 
are  within  the  limits  of  experiment. 

The  evolution  of  caloric  by  the  mixture  of 
different  fubflances  will  be  further  noticed  in 
the  next  fcClion  concerning 

The  Sources  of  Caloric. 

The  two  great  fources  of  caloric  that  we  are 
acquainted  with,  and  whofe  mighty  operations 
are  conflantly  before  our  eyes,  are  the  fun’s  rays 
and  combuflion.  The  great  proceffes  in  nature 
and  art  that  demand  a fupply  of  this  principle 
receive  it  chiefly  either  from  folar  rays  or  culi- 
nary fire  •,  but  there  are  befides  feme  other 
fources  of  caloric  of  confiderable  extent  and 
importance,  which  cannot  be  arranged  under 
either  of  the  foregoing  heads,  and  require  a 
feparate  notice* 

Of  Chemical  Mixture  and  Change  in  Capacity. 

The  evolution  of  fenfible  heat  from  any  fub- 
ftance  or  fubflances  when  their  fpecific  calorie, 
or  capacity  for  heat,  is  diminifhing,  has  already 
been  explained.  Experiments  on  this  head  are 
the  exa£l  converfe  of  the  freezing  proceffes  by 
mixtures  where  the  capacity  is  fuddenly  en- 


creafed ; and  it  is  fo  feldom  that  chemical  a£lion 
takes  place  between  different  fubflances,  with- 
out a very  fenfible  change  in  the  capacity  for 
caloric,  that  a rife  or  fall  of  the  thermometer 
above  or  below  the  arithmetical  mean  may 
generally  be  expelled  on  the  mixture  of  bodies 
that  have  an  affinity  for  each  other,  and  is  con- 
fidered  as  a proof  of  intimate  or  chemical  a£tion. 
This  fource  of  caloric,  though  feldom  a£ling 
with  any  great  energy  in  natural  proceffes,  mull 
in  many  inflances  be  able,  by  its  conftant  ope- 
ration, to  afford  an  adequate  fupply  for  very 
important  changes.  Dr.  Crawford  has  with 
great  ingenuity  of  refearch  traced  to  this  fource 
no  inconfiderable  portion  of  the  heat  perpetually 
maintained  in  the  living  animal  above  the  com- 
mon temperature,  having  fhewn  that  the  arterial 
blood  has  a greater  capacity  for  heat  than  the 
venous,  and  confequently  that  it  mud,  on  this 
account,  give  out  fenfible  caloric  in  the  natural 
progrefs  of  the  circulation.  Likewife  all  the 
proceffes,  natural  or  artificial,  in  which  gaffes 
are  abforbed  and  condenfed  by  liquids  and 
folids,  or  liquids  by  folids,  mufl  be  heat-evolving 
proceffes  from  the  diminution  of  capacity  at- 
tending thefe  changes  of  date. 

Some  of  the  mod  powerful  and  familiar  in- 
dances of  the  evolution  of  heat  from  mere 
mixture  without  a change  of  date,  are,  on  add- 
ing water  to  alcohol,  and  to  the  nitric,  and 
efpecially  to  the  fulphuric  acid.  With  the  lad, 
the  heat  produced  on  mixing  nearly  equal  por- 
tions is  much  ibove  that  of  boiling  water. 

In  all  thefe  indances  it  has  been  attempted  to 
be  fhewn  by  Drs.  Irvine,  Crawford,  and  others, 
that  the  evolution  of  caloric  was  very  exadlly 
proportioned  to  the  change  in  the  fpecific  caloric, 
and  indeed  the  calculations  on  the  fubjedl  of 
abfolute  caloric  require  this  proportion  to  hold 
uniformly.  So  that  according  to  thefe  philofo- 
phers,  the  caloric  can  hardly  be  faid  to  be  chemi- 
cally united  with  the  bodies  that  evolve  it  on 
mixture  when  the  capacity  is  leffened,  and  the 
term  capacity  is  fomewhat  better  adapted  to 
their  conception  of  the  mode  of  union. 

But  it  has  been  fhewn  that  a mere  change  of 
capacity  will  not  account  confidently  for  all  the 
cafes  of  evolution  of  heat  on  mixture,  for  there 
is  an  utter  want  of  tolerable  correfpondence  in 
all  the  calculations  that  have  been  made  of  the 
real  zero  derived  from  very  different  fources. 
The  vad  quantity  of  calotic  given  out  in  the 
flacking  of  well-burnt  lime  cannot  be  brought 
to  tally  with  the  proportional  quantity  that 
appears  on  mixing  fulphuric  acid  and  water  (for 
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example)  relatively  with  the  mutual  capacities  j 
and  hence  we  are  compelled  to  incline  to  the 
hypothefis  (in  itfelf  by  no  means  drained  or 
improbable)  that  caloric  may  truly  and  chemi- 
cally combine  with  bodies  and  lofe  all  its  dif- 
tinguiffiing  chara£lers,  till  it  is  expelled  by 
ftronger  affinity,  as  any  other  body  lofes  its 
fpecific  characters  by  chemical  union,  and  re- 
gains them  as  foon  as  that  union  is  broken. 
Thus,  in  the  above  example  of  lime,  it  is  certain 
that  a part  of  the  heat  arifes  from  the  folidi- 
fication  of  the  water,  or  its  change  of  date  from 
a fluid  to  a folid ; and  another  part  perhaps 
arifes  from  the  capacity  of  flacked  lime  being 
lefs  than  the  mean  capacities  of  the  lime  and  of 
water,  but  a third  portion  may  be  afcribed  with 
high  probability  to  the  expulfion  from  the  lime 
of  a quantity  of  caloric,  owing  to  the  eleClive 
affinity  of  water  being  the  dronged  of  the  two. 
This  caloric  would  readily  be  furnifhed  by  the 
fuel  during  the  previous  burning  of  the  lime, 
and  hence  this  earth  in  its  quick  or  cauftic  date 
might  perhaps  be  confidered  as  a compound  of 
lime  and  caloric,  exclufive  of  that  quantity  of 
caloric  which  is  inherent  in  all  natural  bodies, 
and  which  is  alone  confidered  in  the  edimation 
of  fpecific  caloric. 

As  an  additional  argument  for  this  chemical 
combination  of  an  excefs  of  caloric  in  quick- 
lime, it  may  be  added  that  calcined  Plader  of 
Paris  will  ablorb  and  render  folid  to  the  full  as 
much  water  as  lime  will,  but  with  fcarcely  any 
change  of  temperature,  and  yet  the  fubdance 
whofe  change  in  capacity  is  the  mod  reduced 
by  the  combination  (that  is,  the  water),  is  the 
fame  in  both  indances. 

Many  other  examples  of  violent  heat  on  mix- 
ture might  be  adduced,  which  feem  to  demand 
the  hypothefis  of  a chemical  union  of  caloric  in 
one  or  other  of  the  fubdances : but  fome  of 
them,  fuch  as  the  heat  and  inflammation  pro- 
duced by  the  nitric  and  oxymuriatic  acids,  belong 
to  the  fubjedt  of  combudion. 

Of  Friction  and  Percitffion. 

The  heat  which  is  elicited  by  (apparently) 
(unple  mechanical  means,  by  rubbing,  hammer- 
ing, and  the  like,  cannot  be  fatisfaftorily  re- 
ferred to  change  of  capacity,  or  to  combudion, 
and  fo  little  is  yet  known  on  this  head  that  we 
mud  be  content  with  the  mention  of  the  fa£ts. 
The  heat  from  percuffion  is  very  well  fliewn  by 
the  method  often  ufed  by  blackfmiths,  of  ham- 
mering a piece  of  cold  foft  iron  till  it  is  quite 
hot  enough  to  kindle  a fulphur  match.  This  is 
performed  in  a few  minutes  by  vigorous  ham- 


mering. It  is  to  be  obferved  that  iron  thus 
treated  becomes  much  harder  and  denfer,  and 
when  cold  cannot  again  be  brought  to  the  fame 
heat  by  the  fame  means,  unlefs  it  is  fird  annealed, 
that  is,  heated  red  hot  in  the  fire,  and  allowed 
to  cool  fpontaneoufiy  in  the  air,  when  it  again 
returns  to  the  date  of  foft  iron.  The  rudenefs 
of  the  experiment  renders  it  impracticable  to 
edimate  the  abfolute  quantity  of  caloric  given 
out  during  the  hammering,  but  as  it  is  obvioufiy 
connected  with  the  alteration  of  the  texture  of 
the  metal,  fome  have  fuppol'ed  that  the  heat  is 
forced  or  fqueezed  out  by  a fimple  mechanical 
aCtion,  fomewhat  in  the  way  that  water  is 
fqueezed  out  of  a moid  fponge ; and  hence  that 
the  annealing  caufes  a quantity  of  heat  to  adhere 
to  the  metal  by  a very  loofe  combination.  In 
all  the  cafes  of  the  evolution  of  caloric  by  per- 
cuffion, the  fubdance  decreafes  in  capacity  for 
caloric,  in  proportion  as  its  denfity  encreafes. 
Thus,  metals  become  heated  by  lamination,  and 
when  denfer,  their  fpecific  caloric  is  lefs  than 
before.  No  heat  is  produced  in  denfe  fluids  by 
the  mutual  friCtion  or  percuffion  of  their  par- 
ticles in  any  way,  and  fluids  are  nearly  incom.- 
preffible,  fo  that  their  capacity  for  caloric  cannot 
be  altered  by  mechanical  means.  On  the  other 
hand  the  compreffion  of  gaffes  produces  very 
confiderable  heat,  as  in  the  air-gun  experiments 
and  others  already  related.  Thefe  faCts  would 
indicate  that  the  caufe  of  the  heat  from  per- 
cuffion and  mechanical  compreffion  was  fimply 
the  change  in  the  capacity  for  caloric ; but 
though  this  is  certainly  true  to  a confiderable 
extent,  it  does  not  appear  that  the  evolution  of 
caloric  is  uniformly  proportional  to  the  change 
in  capacity,  and  the  phenomena  of  friftion  point 
out  a didinft  and  hitherto  inexplicable  fource 
of  caloric  which  may  combine  its  a&ion,  ir*. 
many  cafes  of  percuffion,  with  the  proper  efFefts 
of  change  in  fpecific  caloric. 

The  examples  of  the  produ&ion  of  heat  by 
fri&ion  are  innumerable.  Wherever  machinery 
requiring  rapid  motion  is  ufed,  every  one  knows 
the  heat  which  is  produced,  and  when  the 
machinery  is  combuftible,  the  great  precautions 
requifite  to  avoid  its  deftru£tion  by  the  heat 
which  its  motion  excites.  The  ufe  of  lubri- 
cation is  not  more  to  leflen  the  mechanical 
obflacles  to  free  motion,  than  to  prevent  the 
great  accumulation  of  heat  by  fri&ion.  Un- 
greafed  carriage  wheels  taking  fire,  gunpowder 
or  cotton  mills  deftroyed  by  overheating  the 
machinery,  are  familiar  examples  of  this  fa £1 : 
and  the  method  Hill  employed  by  man  in  the 
2 e a 


CAL 


CAL 


( 220  ) 


favage  ftate  to  kindle  fire,  is  well  known  to  be 
the  fridtion  of  two  flicks  or  other  combuftible 
fubflance. 

In  exciting  heat  by  fridtion  it  is  obvious  that 
the  hardefl  bodies  are  thofe  which,  ceteris  pari- 
bus,, would  produce  the  greateft  mechanical  im- 
pediment, and  therefore  ought  to  give  out  the 
moft  heat.  Thus  a hard  twilled  cord  drawn 
violently  through  the  hand  will  produce  a more 
fevere  burn  than  the  fame  loofely  twilled.  But 
the  hardefl  bodies,  fuch  as  metals  and  ftones, 
are  aifo  the  befl  conductors  of  heat,  and  hence 
it  may  often  happen  that  a given  intenfity  of 
heat  will  be  fooner  accumulated  in  a foft  fub- 
ftance  of  difficult  conducing  power  than  in  the 
hardefl  metal. 

Mr.  Pidtet  found  in  fome  experiments  on 
friction  v that  much  more  heat  was  produced  by 
the  fridtion  of  wood  on  wood,  than  of  brafs  on 
brafs,  and  the  moft  of  all  when  a few  filaments 
of  cotton  were  interpofed. 

The  moft  accurate,  and  from  the  large  fcale 
in  which  they  were  carried  on,  the  moft  ftriking 
experiments  on  the  heat  arifing  from  fridtion, 
are  thofe  which  Count  Rumford  2 made  at  the 
ordnance-foundery  at  Munich,  with  the  ma- 
chinery employed  to  bore  cannon.  The  leading 
particulars  are  the  following  : a cylindrical  piece 
of  brafs  (being  a wafte  portion  of  a fix-pounder 
brafs  cannon)  weighing  about  113  lb.  was  fixed 
in  the  boring  machine,  and  a blunt  fteel  borer 
was  introduced  and  forcibly  prefled  againft  the 
infide  with  a preflure  equal  to  the  weight  of 
1000  lb.  The  cylinder  itfelf  was  then  made  to 
revolve  on  its  axis,  and  thus  to  work  againft  the 
bore  (as  in  the  ufual  method  of  hollowing  can- 
jion)  by  a two-horfe  power.  The  cylinder  was 
wrapped  up  in  flannel  to  retard  the  difperfion 
of  heat.  In  30  minutes  (or  after  960  revo- 
lutions) a thermometer  laid  in  contadt  with  the 
cylinder  in  a place  hollowed  out  for  its  recep- 
tion, rofe  from  6o°  to  130°,  fo  that  the  tem- 
perature of  at  leafl  1 1 3 lb.  of  metal  had  been 
raifed  70  degrees,  and  this  quantity  of  heat 
would  have  been  fufficient  to  boil  5 lb.  of  ice- 
cold  water.  To  prevent  all  poffibility  of  any 
portion  of  this  heat  having  been  furnifhed  by 
the  air.  Count  Rumford  repeated  the  experiment 
with  an  ingenious  contrivance  for  caufing  the 
borer  to  work  in  vacuo,  and  an  equal  effedt  was 
produced  as  in  the  former  cafe.  The  third 
experiment  was  ftill  more  ftriking.  The  whole 
apparatus  was  inclofed  in  a water-tight  box,  and 
covered  with  about  2^  wine  gallons  of  water  at 
6o°,  and  the  borer  fet  in  motion.  The  heat 


thereby  generated  was  communicated  to  the 
water,  the  temperature  of  which  rofe  in  one 
hour  from  6o°  to  107°^  in  half  an  hour  more 
to  1420;  in  another  half-hour  to  178°;  and  in 
twenty  minutes  more  it  actually  boiled.  Thus 
therefore  2^  gallons  of  water  were  heated  152 
degrees  by  ftrong  friction  for  two  hours  and 
twenty  minutes,  befides  an  equal  rife  in  the 
temperature  of  the  brafs  cylinder,  weighing 
1 13.33  lb  - * of  36$  cubic  inches  of  iron  and 
fteel  in  the  borer  and  other  apparatus,  befides 
what  was  difperfed  in  the  air  and  communicated 
to  the  box.  By  very  fair  eftimation,  the  whole 
heat  thus  generated  was  more  than  equal  to 
have  raifed  to  the  boiling  point  26.58  lbs.  aver- 
dupois  of  water  at  320:  or  (by  inference  from 
fome  of  Dr.  Crawford’s  experiments)  it  would 
have  required  the  united  effedt  of  more  than 
nine  wax  candles  three-quarters  of  an  inch  in 
diameter,  and  applied  in  the  moft  advantageous 
manner,  to  have  heated  as  much  water  to  the 
fame  point. 

In  the  above  experiments  the  queflion  arifes 
whence  this  large  acceffion  of  heat  could  have 
been  derived  ? It  is  obvioufly  generated  by  the 
fridtion,  and  apparently  in  a very  uniform  man- 
ner ; but  no  other  fenfible  effect  is  produced  by 
the  borer  than  that  of  turning  out  a large  quan- 
tity of  fragments  of  brafs  (fomewhat  refembling 
wood  fhavings  in  form)  and  poffibly,  by  the 
great  preflure,  a flight  condenfation  of  the  re- 
maining hollow  cylinder  of  metal.  But  the 
turnings  of  the  brafs  come  out  quite  bright  and 
metallic,  and  have  undergone  no  obvious  chemi- 
cal alteration  whereby  caloric  could  have  been 
elicited,  and  therefore  we  mult  either  account 
for  the  heat  by  the  diminiffied  capacity  for  cal- 
oric of  the  brafs  turnings,  or  acknowledge  fric- 
tion to  be  a fource  of  heat  entirely  diltindt  from 
any  we  have  hitherto  examined.  To  afcertain 
the  capacity  of  the  brafs  turnings,  Count  Rum- 
ford added  1016.5  grains  of  them  at  2io°,  to 
4590  grains  of  water  at  59 .5°,  and  the  common 
heat  after  mixture  was  63°,  whence  by  Craw- 
ford’s rule  the  fpecific  caloric  of  the  brafs  turn- 
ings is  .no.  An  equal  quantity  of  thin  flips 
of  gun-metal  cut  out  by  a fine  faw  was  examined 
under  fimilar  circumftances ; and  the  common 
temperature  and  of  courfe  the  fpecific  heat  were 
found  prerifely  the  fame.  Hence  (even  allowing 
a little  higher  fpecific  caloric  in  cajl  brafs  over 
the  turnings  from  the  borer)  the  utmoft  effedt 
of  this  could  only  account  for  a very  minute 
portion  of  the  adtual  heat  produced  by  the 
fridtion,  nor  is  it  probable  or  even  poffibre  that 
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sny  fimple  condenfation  of  the  Tides  of  the 
remaining  hollow  cylinder  of  brafs  would  do 
more.  Fridtion  therefore  is  a totally  diftindt 
fource  of  caloric,  and  apparently  unlimited  in 
its  action ; for  as  long  as  it  is  kept  up,  the 
evolution  of  heat  continues  uninterruptedly,  nor 
has  any  approach  been  made  to  an  exhauftion 
of  the  fupply.  In  this  refpect  it  differs  from 
percuffion.  It  may  be  added  that  the  moft 
powerful  arguments  againft  the  materiality  of 
caloric  are  drawn  from  this  fource. 

Of  Solar  Heat. 

The  diredt  paffage  of  caloric  from  the  fun, 
and  Dr.  Herfchel’s  important  difcovery  of  calo- 
rific rays  feparate  from  thofe  that  occafion  light 
and  colour,  have  already  been  noticed  under 
the  head  of  radiant  caloric.  Some  other  of  the 
chemical  fadts  connected  with  the  folar  rays 
will  be  defcribed  under  the  article  Light. 

The  intenfity  of  the  heat  produced  by  the 
diredf  rays  of  the  fun,  collefted  by  a lens  or 
refledted  by  a concave  fpeculum,  is  equal,  with 
powerful  inftruments,  to  any  other  method  of 
raffing  heat ; but  of  courfe  it  mull  be  confined 
to  a very  fmall  fpot.  Solar  heat,  when  it  can 
be  procured  fteady  and  for  a fufficient  length 
of  time  is  moft  admirably  adapted  for  very  deli- 
cate and  complicated  experiments,  as  no  error 
can  arife  from  the  introduction  of  burning  fuel : 
and  with  caution,  the  pencil  of  rays  from  a lens 
or  mirror  may  be  tranfmitted  through  a glafs 
veffel  to  any  objedt  contained  within  it. 

The  heat  of  the  diredt  rays  of  the  fun  (fimply 
thrown  on  any  objedt  without  being  colledted 
by  any  glafs  or  mirror)  is  much  greater  than 
generally  appears  by  the  thermometer,  much  of 
it  being  difperfed  by  the  air  through  which  it  is 
tranfmitted,  efpecially  when  in  briflc  motion. 
When  the  fun’s  rays  are  confined  to  any  fpot, 
as  much  as  may  be,  by  being  furrounded  with 
bad  condudtors  and  protected  from  wind,  the 
accumulated  heat  eafilv  rifes  to  a much  greater 
intenfity  than  the  higheft  temperature  of  a tro- 
pical fun.  M.  de  Sauffure  made  an  experiment 
to  this  point. 1 He  made  an  oblong  box  one 
foot  long  and  nine  inches  in  width  and  depth, 
of  half-inch  deal,  and  lined  it  on  the  infide  with 
cork  an  inch  thick,  and  charred  on  the  furface. 

A cover  was  fitted  on,  made  of  three  panes  of 
glafs  clofe  fitting  and  parallel  to  each  other, 
with  1 4-  inch  of  fpace  between  each.  When 
this  was  fet  in  a hot  fun  the  heat  had  to  pene- 
trate the  three  glafles,  and  was  conftantly  accu- 
mulating in  the  box  to  a given  degree,  being 
confined  on  the  three  fides  by  the  burnt  cork 
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and  thick  walls  of  the  box,  and  on  the  fourth 
by  the  two  ftrata  of  air  at  reft  contained  between 
the  glaffes ; all  bad  condudtors  of  heat.  On 
the  top  of  a high  peak  of  the  Alps  (on  which 
for  a particular  purpofe  the  experiment  was  firft 
made)  the  box  was  expofed  to  the  fun’s  rays  for 
a confiderable  time,  and  a thermometer,  which 
in  the  free  air  (hung  4 feet  above  the  ground, 
and  in  the  full  fun-fhine)  flood  only  at  454°,  rofe 
gradually  within  the  box  to  1903-°.  The  rife  of 
the  laft  46  degrees  was  effected  in  an  hour. 
The  thermometer  laid  on  a piece  of  charred  cork 
in  the  open  air  rofe  to  794°.  At  the  bottom  of 
the  mountain,  nearly  800  fathom  lower,  the 
refpedlive  temperatures  under  fimilar  circum- 
ftances  of  expofure  were,  fufpended  in  the  free 
air  74-|0,  within,  the  box  1874°,  and  laid  on 
cork  924  °-  Similar  experiments  by  Profeffor 
Robifon  b gave  a much  greater  effeft,  the  ther- 
mometer rifing  within  the  box  to  230°  and 
237°- 

Of  Combufion. 

The  laft  fource  of  caloric  to  be  mentioned  is 
that  which  appears,  in  union  with  light  (to- 
gether conftituting  Fire)  in  the  procefs  of  com- 
buftion : and  the  heat  employed  for  all  culinary, 
domeftic,  and  manufacturing  purpofes,  is  almoft 
entirely  derived  from  this  fource. 

The  neceffity  for  a conftant  fupply  of  air  to 
maintain  combuftion  in  all  common  cafes,  firft 
led  chemifts  to  the  important  analyfis  of  atmof- 
pherical  air,  and  the  diftindt  properties  of  that 
conftituent  of  air  which  alone  is  adtive  in  main- 
taining combuftion  and  refpiration,  and  to  which 
the  modern  fyftem  of  nomenclature  has  given 
the  name  of  Oxygen.  Under  this  article,  and 
that  of  Phlogiston,  the  different  theories  of 
combuftion  will  be  defcribed,  but  it  may  be 
here  added  that  the  caloric  contained  in  oxygen 
and  given  out  during  combuftion  is  not  folely 
that  which  is  requifite  to  the  gafeous  ftate,  but 
in  all  probability  is  an  effential  conftituent  of 
this  fubftance. 

When  a folid  fubftance  is  burnt  in  oxygen 
gas,  and  the  refult  is  a folid  or  liquid,  it  might 
indeed  be  fuppofed  that  the  evolution  of  caloric 
was  owing  to  the  change  from  the  gafeous  ftate 
to  one  of  much  lefs  capacity  for-  heat ; but  in  a 
variety  of  inftances  the  caloric  produced  by 
combuftion  is  by  no  means  proportioned  to  the 
quantity  of  oxygen  gas  confumed,  and  what 
entirely  overthrows  this  hypothefis  is  the  intenfe 
heat  given  out  by  gunpowder  and  various  other 
combuftible  mixtures  with  the  nitric  or  oxy- 
.muriatic  falts,  in  which  the  oxygen  is  not  in 
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the  ftate  of  gas,  but  on  the  contrary  is  folid  and 
condenfed,  and  therefore  can  contain  no  caioric 
but  that  which  mud  be  confldered  as  one  of  its 
eflential  conftituents. 

For  the  connexion  of  light  with  caloric,  fee 
the  articles  Light,  Oxygen,  and  Phlogiston. 
CAMELEON  MINERAL. 

The  chemical  compound  known  by  this  name 
is  fo  called  on  account  of  the  changes  of  colour 
which  it  exhibits.  It  is  thus  prepared.  Take 
one  part  of  common  black  oxyd  of  manganefe 
finely  levigated,  mix  it  with  five  parts  of  puri- 
fied nitre,  and  fufe  the  mafs  for  about  half  an 
hour  at  a high  heat  in  an  earthen  crucible.  A 
dark  green  mafs  is  thus  produced,  which  deli- 
quiates  on  expofure  to  the  air,  and  muft  there- 
fore be  kept  in  a well  flopped  vial.  This  fub- 
flance  readily  diflblves  in  hot  water,  making  a 
dark  green  folution  : after  the  folution  has  been 
kept  for  a few  days  in  a clofe  veffel,  a yellow 
powder  begins  to  precipitate,  and  the  liquor  be- 
comes of  a fine  blue : this  blue  liquor  being 
diluted  with  common  water  aflumes  a violet  co- 
lour, which  afterwards  grows  red,  and  finally 
lofes  its  colour,  a grey  oxyd  of  manganfe  being 
thrown  down ; by  the  addition  of  a few  drops 
of  acid  to  the  blue  liquor  the  change  to  red  is 
inllantaneous,  and  the  colour  is  a very  beautiful 
tint  between  crimfon  and  pink.  The  caufe  of 
thefe  changes  is  probably  the  following. 

Black  Manganefe  confills  of  the  mixed  oxyds 
of  Manganefe  and  Iron,  both  of  which  are  fo- 
iuble  by  fufion  in  cauflic  alkali the  natural  co- 
lour of  alkali  with  manganefe  is  blue,  and  that 
of  iron  with  the  fame  is  yellow : by  the  union 
therefore  of  thefe  colours  a green  is  produced. 
When  the  folution  has  been  kept  a few  days  the 
oxyd  of  iron  feparates,  and  the  green  colour  be- 
ing deprived  of  its  yellow  part  becomes  blue. 
Oxyd  of  manganefe  in  a very  finely  divided 
ftate  is  of  an  amethyftine  red  colour,  as  foon 
therefore  as  the  oxyd  of  manganefe  begins  to 
quit  the  alkali,  the  blue  liquor  becomes  mixed 
with  red  particles  and  therefore  is  at  firfl  violet ; 
and,  as  the  red  particles  increafe,  becomes 
pink;  finally,  when  the  manganefe  is  entirely 
precipitated  the  liquor  lofes  its  colour,  and  the 
metallic  oxyd  by  having  its  particles  condenfed, 
becomes  of  a blackifh  grey. 

CAMPEACFIY  WOOD.  See  Logwood. 

CAMPHOR.  Kampher,  Germ.  Camphre , 
Fr. 

Camphor  is  a colourlefs  tranfparent  fubflance, 
of  a granular  or  foliated  fradlure,  and  a con- 
siderable refinous  luftre : it  is  fomewhat  undlu- 


ous  to  the  feel ; it  poflefTes  a certain  degree  of 
toughnels,  yet  may  be  crumbled  between  the 
fingers  without  difficulty.  It  has  a penetrating 
fragrant  and  highly  refrefhing  odour;  to  the 
tafte  it  is  bitter  and  penetrating,  rather  heating 
at  firfl,  and  afterwards  remarkably  cooling.  It  is 
volatile  in  a moderately  warm  temperature,  and 
may  be  melted  by  heat  fuddenly  applied.  It  burns 
with  a large  white  flame  and  denfe  fmoak.  Its 
fpecific  gravity  is  0.99^,  fo  that  it  juft  floats 
on  the  furface  of  water,  and  very  fmall  pieces 
thus  floating  may  be  fet  fire  to,  and  will  continue 
burning  till  they  are  almoft  entirely  confumed. 
Camphor  is  the  produce  of  a large  foreft  tree, 
the  Laurus  Camphor  a,  which  grows  wild  in 
Borneo,  Sumatra,  and  probably  in  feveral  other 
of  the  Indian  iflands.  The  leaves  of  this  tree 
give  out  when  bruifed  a very  fenfible  odour  of 
camphor.  The  camphor  iti’elf  is  found  con- 
creted in  perpendicular  veins  near  the  centre  of 
the  largeft  and  oldeft  trees,  efpecially  thofe 
which  have  not  been  pierced  when  young  for 
the  fake  of  the  fragrant  camphorated  oil  which 
they  contain.1  The  tree  being  cut  down  and 
fplit,  the  camphor  is  picked  out  by  means  of 
knives,  and  the  fmaller  pieces  are  feparated  from 
the  wood  by  rafps.  The  camphor  according  to 
its  purity  is  divided  into  three  forts,  the  two  in- 
ferior of  which  are  mixed  with  certain  propor- 
tions of  a coarfe  kind  procured  by  diftillation 
from  the  native  oil  of  the  tree.  The  preparation 
of  each  kind  for  fale  is  Amply  by  wafhing  in 
warm  foap  and  water.  In  Japan  alfo  is  found 
a fpecies  of  Laurus  which  yields  camphor,  but 
not  in  fuch  quantity  as  the  Laurus  Camphora. 
It  does  not  appear  to  be  contained  in  a concrete 
ftate  in  this  tree : but  the  roots  and  fmaller 
branches  afford  it  by  diftillation.  For  this  pur- 
pofe  the  roots  being  reduced  into  thin  chips, 
and  mixed  with  the  twigs,  are  put  into  a net  and 
fufpended  within  a kind  of  alembic,  at  the  bot- 
tom of  which  is  a little  water : by  the  applica- 
tion of  a boiling  heat  the  fleam  penetrates  the 
contents  of  the  net,  and  carries  the  camphor 
along  with  it  into  the  capital,  where  it  is  de- 
poflted  like  fnow  on  the  ftraw  with  which  the 
capital  is  lined.  The  Sumatran  camphor  is 
much  more  efteemed  in  the  Eaft  than  the  Ja- 
panefe,  on  account  of  a certain  adhefivenefs 
which  it  poflefles,  and  in  confequence  of  which 
it  is  much  lefs  volatile  than  that  which  has  been 
obtained  by  diftillation.  All  the  camphor  which 
comes  to  Europe  is  the  produce  of  Borneo  or 
Sumatra;  and  it  arrives  in  the  form  of  irregular 
pieces  of  a yellowifh  grey  colour  which  are 
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fpungy  and  very  light,  and  when  broken  (how 
that  they  are  composed  of  fmall  - cryftalline 
grains.  The  rough  camphor  is  mixed  with  a 
very  minute  quantity  of  earth,  from  which  both 
its  colour  and  a flight  grittinefs  between  the  teeth 
are  derived. 

The  purification  of  crude  camphor  is  an  art 
which  is  carefully  kept  a fecret  by  thofe  who 
are  in  pofleflion  of  it.  Formerly  this  procefs 
was  carried  on  only  at  Venice,  afterwards  it 
was  fuccefsfully  praftifed  in  Holland,  and  at  pre- 
fent  large  quantities  are  refined  by  fome  of  the 
Englifh  druggifts.  If  the  crude  camphor  is 
contaminated  merely  by  earthy  particles,  the  pu- 
rification may  be  effected  by  limple  fublimation 
without  any  addition  ; but  as  in  fome  cafes  at 
lead,  the  Dutch  are  in  the  praflice  of  mixing 
lime  or  chalk  in  fmall  proportions,  it  is  probable 
that  this  addition  is  found  of  ufe  in  keeping 
down  the  oil  with  which  the  crude  camphor  is 
fometimes  mingled.  Spirit  of  wine  has  been 
propofed  and  employed  on  a fmall  fcale  for  the 
purification  of  camphor,  but  this  menflruum  be- 
fides  being  fomewhat  expenfive,  is  incapable 
of  feparating  any  refinous  fubftance  which  the 
crude  article  may  contain. 

Simple  fublimed  camphor  differs  from  the 
refined  camphor  of  the  (hops  in  being  of  a fome- 
what fpungy  granular  confidence,  but  it  may 
be  made  to  afl'ume  the  clofe  and  foliated  texture 
of  the  latter  by  fufion,  which  is  underftood  to 
be  the  method  pra£lifed  in  the  refineries:  this 
may  be  done  either  by  increafing  the  heat  fud- 
denly  when  the  fublimation  is  almofl  ended, 
without  transferring  the  camphor  to  different 
veflels,  or  by  melting  the  fublimed  flowers  in  a 
veflel  for  that  purpofe. 

Although  the  camphor  of  commerce  is  ob- 
tained only  from  the  Laurus  Camphora,  and  a 
kindred  fpecies  in  Japan,  yet  its  exiftence  has 
been  proved  in  many  other  fpecies  of  Lauri ; 
thus  the  roots  of  the  Cinnamon  tree  ( Lauras 
Cinnamomum ) of  the  Saflafras  ( Lauras  SaJJhfras J 
of  the  Caflia  ( Lauras  Coffin ) may  be  made  to 
yield  real  camphor  by  diiliiiation,  though  not  in 
fufficient  quantities  to  counterbalance  the  ex- 
pence. The  diftilled  water  from  the  flowers  of 
the  Anemone  pratenfis  has  been  found  to  de- 
ofit  cryffals  of  camphor  by  long  ftanding.b  It 
as  alfo  been  difeovered  in  the  frefh  roots  of 
Galangale  ( Maranta  Galanga ) Zedoary  ( Kamp- 
feriu  rotunda  and  ginger  ; and  in  the  feeds  of 
cardamom  and  long  pepper.  It  is  probably  con- 
tained in  all  the  eflential  oils,  and  has  been  ac- 
tually procured  from  thofe  of  juniper,  fage, 
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hyflop,  thyme,  pepper-mint,  rofemary,  and  la- 
vender. The  depofition  of  cryftalline  grains 
fimilar  to  camphor  was  firft  obferved  by  Slarius 
in  fome  old  oil  of  cinnamon.  Kunkel  and 
Lewis  confirmed  this  fadl,  and  fupplied  fome 
others  of  the  fame  nature;  Geoffrey,  Cartheu- 
fer  and  Gaubius  extended  their  experiments  to 
moll  of  the  eflential  oils ; and  finally,  Prouft 
has  taken  the  fubjebl  in  hand,  and  from  accu- 
rate and  large  experiments  has  fhown  that  cam- 
phor may  be  profitably  prepared  from  the  effen- 
tial  oils  in  the  fouthern  countries  of  Europe. 

This  eminent  chemift  having  accidentally  ob- 
ferved0 that  the  eflential  oil  of  lavender  diftilled 
in  Murcia,  depofited  a large  proportion  of  cam- 
phor, and  that  the  other  oils  of  this  province 
were  remarkably  fragrant,  fele£lcd  the  eflential 
oils  of  rofemary,  marjoram,  fage,  and  lavender, 
as  the  fubjetls  of  the  following  experiments. 
Equal  portions  of  the  four  oils  were  placed  in 
(hallow  earthenware  veflels,  and  expofed  to  fpon- 
taneous  evaporation  at  a temperature  not  ex- 
ceeding 570  of  Fahren.  and  in  proportion  as  the 
cryftals  of  camphor  were  depofited  they  were 
taken  out  and  drained,  and  kept  in  well  flopped 
vials:  by  this  fimple  procefs  the  oil 
of  rofemary  yielded  6.25  per  cent,  of  camphor 

— marjoram 10.14 of  camphor 

— fage  21.06  

— lavender  25. • 

The  oil  of  lavender  appears  to  be  fully  fatu- 

rated  with  camphor;  for  although  when  heated 
it  will  take  up  about  T‘7  of  its  weight  more  of 
this  fubftance,  yet  by  cooling  it  depofits  even  a 
larger  quantity  than  it  was  made  to  difl'olve. 
When  expofed  to  fpontaneous  evaporation  the 
firft  filaments  of  camphor  begin  to  appear  in 
about  twelve  hours,  and  continue  to  be  depofited 
till  almoft  the  whole  is  evaporated.  In  the  other 
oils  the  cryftals  were  later  in  (hooting  according 
to  their  relative  proportions  of  camphor ; and 
when  about  four-fifths  of  the  oil  was  evaporated 
tire  refidue  became  thick,  and  ceafed  to  yield  any 
more  cryftals.  The  camphor  produced  by  each 
of  the  four  experiments  being  dried  by  flight 
preflure  between  filtering  paper  was  in  dry,  al- 
moft pulverulent  cryftals,  as  brilliant,  and  ainroll 
as  white  as  fnow,  and  fo  little  of  the  peculiar 
odour  of  the  oil  remained,  that  it  was  by  no 
means  eafy  to  afeertain  by  the  fmell  alone  from 
what  fpecies  of  oil  any  particular  parcel  of  crys- 
tals was  obtained. 

The  proportion  of  camphor  procurable  from 
thefe  oils  depends  in  fome  degree  on  the  rate 
at  which  the  evaporation  proceeds,  the  quantity 
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being  in  an  inverfe  ratio  to  the  temperature. 
If  oil  of  lavender  is  diftilled  from  a water  bath 
in  an  alembic,  at  a temperature  inferior  to  boiling 
water,  till  one-third  is  come  over,  the  remain- 
ing two-thirds  will  depofit  flakes  of  camphor 
while  cooling,  thefe  being  removed,  and  the  dif- 
tillation  being  repeated,  a frelh  depofition  will 
take  place  in  the  refulue,  and  a third  diftillation 
will  yield  all  the  remaining  camphor  except 
about  \ per  cent.  This  however  being  a much 
more  rapid  procefs  than  fpontaneous  evapora- 
tion, the  total  produce  of  camphor  from  the 
three  diftillations  does  not  amount  to  more  than 
20  per  cent,  the  reft  being  held  in  folutien  by 
the  oil  in  the  receiver.  If  the  balneum  maria  is 
made  to  boil,  the  produce  of  camphor  will  be 
confiderably  diminifhed,  and  part  will  fublime 
into  the  capital  of  the  alembic.  The  camphor 
from  oil  of  lavender  by  either  of  thefe  methods 
is  not  abfolutely  pure,  for  when  fublimed  per  fe, 
at  a gentle  temperature,  it  leaves  behind  a fmall 
portion  of  brownifh  refin  ftill  mixed  with  a little 
camphor.  The  molt  economical  way  of  refining 
this  camphor  is  to  mix  it  with  half  its  weight  of 
chalk,  or  lime,  or  wafhed  wood  allies,  and  fub- 
lime it,  by  which  operation  it  lofes  of  its 
weight.  The  produce  of  refined  camphor  there- 
fore by  fpontaneous  evaporation  of  oil  of  laven- 
der amounts  to  about  24  per  cent,  and  by  dif- 
tillation is  equal  to  19  per  cent. : this  latter  me- 
thod however  is  by  far  the  molt  economical, 
notwithllanding  the  additional  expence  of  fuel 
and  apparatus,  as  it  faves  both  time,  and  the 
oil,  which  would  otherwife  be  entirely  loft. 

The  production  of  camphor  by  the  aCtion  of 
muriatic  acid  on  oil  of  turpentine  is  a diicovery 
of  very  late  date,  and  though  it  ftill  requires 
fome  further  elucidations,  the  leading  faCts  ap- 
pear fufficiently  confirmed  to  juftify  their  in- 
fertion  in  this  place,'  M.  Kind,  while  preparing 
the  arthritic  liquor  of  Pott  by  palling  muriatic 
acid  gas  through  oil  of  turpentine,  obferved  the 
mixture  to  depofit  by  cooling,  3 large  quantity 
of  cryftals  pofl'efled  in  almoft  every  refpecft:  of 
the  characters  of  camphor.  The  experiment 
was  repeated  by  Trommfdorff  with  the  fame  re- 
fult;  and  the  fociety  of  pharmacy  at  Paris  being 
informed  of  thefe  faCts,  nominated  three  of  their 
members  to  repeat  the  inveftigation,  and  make 
a report  on  the  fubjeCt.  From  thefe  fources  the 
following  information  is  derived. 

A fmall  quantity  of  camphor  may  be  obtained 
from  oil  of  turpentine  limply  by  diftillation,  pro- 
vided this  procefs  is  carried  on  fufficiently 
flowly.  Eight  ounces  of  this  fluid  were  diftilled 


in  a glafs  alembic  at  about  the  temperature  of 
1240  Fah. ; four  ounces  of  very  highly  rectified 
eflential  oil  palfed  into  the  recipient,  and  the 
capital  was  found  lined  with  fmall  cryftals  of 
real  camphor. 

This  fubftance  is  however  procured  in  much 
larger  proportions  by  the  affiftance  of  muriatic 
acid.  Four  pounds  of  oil  of  turpentine  were 
put  into  a Woulfe’s  apparatus,  and  the  retort 
being  charged  with  the  fame  weight  of  decre- 
pitated muriat  of  foda,  and  half  as  much  fulphu- 
ric  acid,  the  whole  of  the  muriatic  acid  gas  that 
could  be  obtained  by  a moderate  heat  from 
thefe  materials  was  tranfmitted  into  the  oil  of 
turpentine,  and  wholly  abforbed  by  it.  In  con- 
fequence  of  this  the  oil  became  exceedingly  hot, 
and  acquired  firft  a light  lemon  colour,  and 
towards  the  end  of  the  procefs  a clear  tranfparent 
brown,  a fmall  quantity  of  a thick  oily  fluid  be- 
ing gradually  difengaged  and  finking  to  the  bot- 
tom. The  liquor  being  allowed  to  cool  for 
twenty-four  hours  was  found  concreted  into  a 
foft  cryftalline  mafs,  from  which,  when  laid  on 
a Hoping  furface  the  brown  liquor  drained  away. 
Being  then  wrapped  in  filtering  paper  and  fub- 
jedted  to  moderate  preflure,  twenty-four  ounces 
of  a perfedfly  white  cryftalline  matter  were  left 
behind  of  a peculiar  odour,  in  fome  degree  par- 
ticipating both  of  oil  of  turpentine  and  muriatic 
acid.  The  liquor  which  had  drained  from  the 
cryftals  was  placed  in  a cool  cellar,  and  in  the 
fpace  of  a few  days  was  found  to  have  depofited 
four  ounces  more  of  cryftals,  and  two  ounces 
additional  were  obtained  by  expofing  it  to  a 
powerful  freezing  mixture.  Thus  four  pounds 
of  oil  of  turpentine  yielded  thirty  ounces  of 
cryftals  ; or  not  far  fhort  of  half  its  weight. 

The  cryftals  of  rough  camphor  thus  obtained 
acquired  a dazzling  white  colour  by  Amply 
waffiing  with  water,  but  ftill  retained  a terebin- 
thinate  odour ; the  waffiings  were  acidulous  to 
the  tafte,  having  taken  up  a little  muriatic  acid, 
and  were  highly  aromatic.  Another  portion 
of  cryftals  being  wafhed  with  a weak  folution  of 
pearlaffi  was  found  to  refemble  common  cam- 
phor in  its  odour,  that  of  turpentine  having 
nearly  difappeared.  It  was  thought  that  fub- 
limation  would  be  ftill  more  effe&ual  than 
waffiing  in  purifying  this  camphor,  accordingly 
two  portions  of  it  were  mixed,  the  one  with  an 
equal  weight  of  charcoal,  the  other  with  quick- 
lime, and  were  heated  in  glafs  alembics  : the  ca- 
pitals foon  became  covered  with  radiating  needle- 
ffiaped  cryftals  of  a brilliant  white  colour,  en- 
tirely free  from  the  terebinthinate  odour,  and 
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refembling  that  of  camphor,  only  not  quite  fo 
powerful.  In  this  ftate  it  floats  on  the  furface 
of  water,  and  communicates  to  it  a camphoric 
flavour',  is  very  inflammable,  foluble  in  al- 
cohol, and  precipitable  from  it  by  the  addition 
of  water.  Nitric  acid  a£ts  upon  it  in  the  fame 
manner  but  more  flowly  than  upon  Eaft  Indian 
camphor;  but  it  appears  to  be  wholly  infoluble 
in  acetic  acid. 

The  prefence  of  camphor  has  been  fhown  in 
fuch  a variety  of  fubflances,  in  all  of  which 
when  brought  to  the  higheft  degree  of  purifi- 
cation it  appears  to  be  abfolutely  the  fame,  that 
it  may  be  confidered  as  one  of  the  fecondary 
vegetable  principles ; and  an  accurate  inveftiga- 
tion  of  its  properties  and  compofition  becomes 
an  enquiry  of  confiderable  intercfl. 

Camphor  on  account  of  its  volatility  requires 
to  be  kept  in  well  clofed  vefieis,  it  is  not  how- 
ever by  any  means  fo  cafily  evaporable  as  is 
generally  fuppofed.  According  to  Kunfemuller,d 
pulverized  camphor  fpread  tlrn,  and  expofed 
to  the  air  at  a temperature  not  exceeding  5 2° 
Fah.  does  not  lofe  more  than  half  its  weight  in 
16  weeks;  the  ratio  cf  volatilization  however 
rapidly  increafes  with  an  increafe  of  tempera- 
ture. The  moifture  of  the  air  alfo  has  a con- 
fiderable efteft,  the  lofs  of  camphor  being 
much  greater  in  a humid  atmofphere  than  in  a 
dry  one.  The  degree  at  which  camphor  melts 
is  fixed  by  Venturi  at  302°  Fah.  and,  by  dividing 
a mafs  that  has  been  cooled  flowly  in  the  direc- 
tion of  its  laminae,  it  appears  to  cryftallize  in 
ofbahedrons. 

Water  has  little  or  no  a&ion  on  camphor;  at 
a boiling  heat  however  it  takes  up  enough  to 
acquire  both  the  odour  and  flavour  of  this  fub- 
ftance.  By  the  affiftance  of  gum- mucilage  or 
fugar,  it  forms  with  water  a whitifh  emulfion. 

Alcohol  at  the  ufual  temperature,  will  take 
up  between  a feventh  and  an  eighth  of  its  weight 
of  camphor,  and  when  boiling  it  will  diflolve  half 
its  weight,  the  greater  part  of  which  is  again 
depofited  by  cooling.  If  equal  parts  of  cam- 
phorized  alcohol  and  fulphuric  acid  are  diftilled 
together,  the  produce  is  camphorized  ether,  and 
a tenacious  black  refinous  mafs  remains  in  the 
retort.'  Camphor  is  alfo  copioufly  foluble  in 
fulphuric,  and  probably  in  all  the  other  ethers. 
When  camphorized  alcohol  or  ether  is  mixed 
with  water,  nearly  the  whole  of  the  camphor 
feparates  in  the  form  of  curdy  flakes,  which  be- 
ing dried  gradually,  exhibit  the  camphor  unal- 
tered in  any  of  its  properties.  Oils,  both  the 


exprefied,  the  efiential  and  the  empyreumatie 
combine  with  camphor,  as  alfo  do  the  refins  and 
balfams.  The  hardeft  and  dryell  refins  are  con- 
verted by  it  into  a foft  tenacious  mafs  remark- 
ably foluble  in  alcohol ; it  will  even  render  copal 
confiderably  foluble  in  this  fluid.  The  alkalies 
whether  in  their  cauftic  or  carbonated  ftate  have 
no  acftion  whatever  on  camphor : nor  will  they 
unite  even  when  digefted  with  oil  or  foap.f 

Sulphur  and  camphor  will  combine  together 
by  means  of  a very  gentle  fufion  : the  refulting 
mafs  is  brittle  when  cold,  but  foft  and  tenacious 
when  warm.  The  alkaline  fulphurets  will  alfo 
unite  by  fufion  with  camphor,  and  retain  it 
when  diflolved  in  water : the  addition  of  an  acid 
throws  down  the  fulphur  and  camphor  in  in- 
timate combination  with  each  other. s 

When  fet  fire  to  in  atmofpheric  air,  and  ftill 
more  in  oxygen  gas,  camphor  burns  with  a co- 
pious white  flame  and  black  fmoke,  and  is  en- 
tirely confumed.  A large  quantity  of  carbonic 
acid  is  produced  together  with  carburetted  hy- 
drogen. The  ultimate  conftituent  parts  of  cam- 
phor appear  to  be  carbon,  hydrogen,  and  oxygen, 
but  in  what  proportions  is  not  yet  afcertained. 

Camphor  when  diftilled  per  fe  rifes  unaltered, 
but  if  mixed  with  bole  in  the  proportion  of  four 
parts  of  the  latter  to  one  of  the  former,  and  fub- 
je£ted  to  dry  diftillation,  it  is  converted  to  a 
butyraceous  confidence ; and  by  a fecond  dif- 
tillation with  frcfh  bole  is  entirely  refolved  into 
a fluid  colourlefs  oil,  and  a fmall  quantity  of  a 
watery  acidulous  liquor,  fmelling  ftrongly  of 
camphor : the  bole  is  at  the  fame  time  reduced 
to  a black  fparkling  powder,  being  almoft  en- 
tirely deoxygenated.  Clay,  according  to  La 
Grange,  produces  the  fame  effe£f.  This  oil  of 
camphor,  according  to  Kofegarten,1  is  nearly  co- 
lourlefs, has  a peculiar  odour  like  that  of  thyme 
or  rofemary,  and  bears  a clofe  analogy  to  the 
efiential  oils.  It  is  foluble  in  alcohol  and  fepa- 
rable,  unaltered,  from  its  folution  by  agitation 
with  water.  It  forms  favonules  with  the  alka- 
lies. It  is  eafily  volatilizable  by  heat,  but  depofits 
on  the  edges  of  the  veflel  a white  uninflammable 
cruft  which  is  foluble  in  water.  Nitric  acid 
produces  no  other  effe£t  on  it  than  tinging  it  of 
a reddilh  colour ; and  even  a mixture  of  con- 
centrated fulphuric  acid  and  fuming  nitric  acid, 
only  deepens  its  colour  ftill  more,  and  brings  it 
to  a fomewhat  thicker  confiftence. 

Carbonic  acid  promotes  in  a remarkable  degree 
the  folubility  of  camphor  in  water.  k For  this 
purpofe  let  finely  pulverized  or  precipitated 
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camphor  be  mixed  with  water  and  put  into  the 
decanter-part  of  the  apparatus,  plate  iii.  fig.  47. 
then  let  carbonic  acid  be  thrown  in  from  the 
retort,  and  combined  with  the  water  by  agi- 
tation, as  long  as  any  continues  to  be  taken  up  ; 
a highly  carbonated  water  will  thus  be  produced, 
in  which  a fufficient  quantity  of  camphor  is 
diflolved  to  make  it  both  tafte  and  fmell  very 
powerfully  of  this  fubftance. 

Vinegar  and  muriatic  acid  will  each  of  them 
by  digeftion  take  up  a fmall  portion  of  camphor. 
The  muriatic  and  fluoric  acids,  when  in  the 
ftate  of  gas,  diflolve  a confiderable  proportion 
of  camphor,  but  depofit  nearly  the  whole  by 
the  contadl  of  water.  Concentrated  fulphuric 
acid  diflolves  camphor  largely  even  in  the  cold, 
but  by  the  afliftance  of  a moderate  heat  it  takes 
up  fo  much  as  to  form  a thick  homogeneous 
mafs  of  a brown  or  black  colour  and  a fulphu- 
reous  odour,  which  when  warm  is  fluid,  but 
coagulates  by  a moderate  heat,  and  by  evapo- 
ration is  brought  to  a refinous  confiftence.  This 
compound  is  foluble  in  alcohol,  but  is  decom- 
pofed  by  water : the  camphor  being  difengaged 
with  little  or  no  alteration,  and  the  mixture  now 
no  longer  exhaling  a fulphureous  but  a cam- 
phoric odour.  The  a£Hon  of  oxygen  on  cam- 
phorized  fulphuric  acid  is  remarkable.  If  one 
part  of  camphor  is  diflolved  in  eight  parts  of 
fulphuric  acid,  and  this  liquor  is  poured  in  a 
retort  upon  four  parts  of  black  oxyd  of  man- 
ganefe  and  as  much  water,  the  refult  of  a flow 
diftillation  of  thefe  materials  will  be  acetous 
acid  mixed  with  a very  fmall  portion  of  un- 
decompofed  camphor. 

Nitric  acid  when  fomewhat  concentrated  dif- 
folves  camphor  in  confiderable  quantity  at  the 
ufual  temperature.  The  folution  is  of  a very 
dilute  yellow  colour,  and  feparates  by  {landing 
into  two  diftintl  liquids:  the  lower  confifts  of  a 
mixture  of  nitric  and  camphoric  acids ; the 
Upper  fluid  is  of  the  confiftence  of  oil,  and  is 
called  acid  oil  of  camphor ; it  is  a combination  of 
camphor  and  nitric  acid.  This  oil  is  foluble  in 
alcohol,  but  is  decompofable  with  precipitation 
of  the  camphor  by  water  or  alkalies:  the  addition 
of  oxymuriatic  acid  gas  converts  it  at  firft  to  a 
rofe  colour,  and  afterwards  to  a full  yellow,  and 
in  all  probability  acidifies  the  camphor. 

The  converfion  of  camphor  into  a peculiar 
acid  by  repeated  diftillation  with  nitric  acid  was 
firft  obferved  by  Kofegarten,  and  was  after- 
wards more  fully  elucidated  by  La  Grange. 

The  procefs  of  Kofegarten  is  the  following. k 
Tut  one  part  of  Camphor  into  a retort  with  12 

k Gren.  HandLuch.  ii.  p-  217 


parts  of  ftrong  nitric  acid,  and  diftil  it  flowly  t» 
drynefs ; a large  quantity  of  carbonic  acid  and 
nitrous  gas  is  difengaged,  and  the  acid  in  the 
receiver  is  covered  with  a thin  ftratum  of  acid 
oil  of  camphor : a fmall  portion  of  the  camphor 
fublimes  into  the  upper  part  of  the  retort,  and 
the  mafs  at  the  bottom  of  the  veflel  is  camphor 
approaching  to  the  ftate  of  a vegetable  oxyd. 
It  has  no  longer  the  peculiar  odour  of  the  origi- 
nal fubftance,  and  when  laid  on  a hot  coal  it 
evaporates  with  a fomewhat  refinous  odour, 
but  without  undergoing  combuftion  : it  is  folu- 
ble in  alcohol  but  not  in  water.  This  oxygenated 
camphor  by  being  diftilled  twice  to  drynefs  with 
ten  parts  of  nitric  acid  at  each  procefs,  is  con- 
verted to  a white  pulverulent  fait,  foluble  in  hot 
water,  and  which  has  obtained  the  name  of 
Camphoric  acid. 

The  method  of  La  Grange  differs  chiefly  irt 
requiring  a fmaller  quantity  of  nitric  acid.  1 
He  takes  one  part  of  camphor  and  four  of  nitric 
acid,  and  diftils  the  mixture  by  a very  gentle 
heat : the  acid  that  pafles  over  into  the  receiver, 
being  mixed  with  four  parts  more  of  frefh  acid, 
is  returned  upon  the  matter  in  the  retort  and 
again  diftilled.  This  is  repeated  five  feveral 
times  with  20  parts  of  nitric  acid  in  the  whole, 
and  the  operation  is  known  to  be  finifhed  when 
the  liquor  in  the  retort  cryftallizes  on  cooling. 
The  produce  of  camphoric  acid  by  either  of 
the  methods  does  not  much  exceed  one  half  of 
the  camphor  made  ufe  of. 

Camphoric  acid  when  cryftallized  haftily  ap- 
pears as  a mafs  of  white  filvery  filaments,  but 
by  flow  cooling  aflumes  the  form  of  parallelipi- 
pedal  or  rhomboidal  plates,  which  effforefee  on 
expofure  to  the  air.  To  the  tafte  it  is  {lightly 
four  and  bitterifh  : it  reddens  fyrup  of  violets 
and  tin&ure  of  litmus.  It  diflolves  eafily  in 
alcohol  and  in  hot  water,  but  requires  200  parts 
of  this  fluid  at  the  ufual  temperature  for  its 
folution.  When  heated  it  gives  out  a thick 
aromatic  fmoak,  and  is  entirely  diflipated : in 
clofe  veflels  it  fublimes  unaltered  if  the  heat  is 
not  too  great.  The  alcoholic  folution  of  this 
acid  is  not  decompofed  by  water,  a circumftanee 
that  diftinguifties  it  from  benzoic  acid,  to  which 
it  bears  a confiderable  refemblance.  It  is  folu- 
ble in  the  exprefi'ed  and  eflential  oils  and  the 
mineral  acids,  and  forms  a precipitate  with  the 
muriat  and  fulphat  of  iron. 

Camphoric  acid  unites  with  the  falifiable  bafes 
forming  a genus  of  falts,  the  Camphorats. 
Of  thefe  very  little  is  known.  The  neutral  and 
earthy  camphortts,  which  are  the  only  'ones 

1 Manuel,  ii.  p.  357. 
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tliat  have  as  yet  been  the  fubjeft  of  any  ex- 
periments, are  all  decompofable  by  heat,  except 
the  camphorat  of  ammonia,  which  fublimes  un- 
altered. When  expofed  to  the  flame  of  a blow- 
pipe the  acid  burns  off  with  a blue  flame.  The 
camphorats  are  decompofable  with  abftra&ion 
of  the  bafe  by  the  mineral  acids,  and  with  ab- 
ftraction  of  the  acid  by  molt  of  the  metallic, 
barytic,  and  calcareous  falts.  The  camphorats 
of  lime,  barytes,  and  magnefia  yield  their  acid 
to  alcohol. 

The  ufe  of  camphor  in  the  arts  is  to  aflift  the 
folution  of  refins  in  various  menftrua.  It  is 
employed  with  fuccefs  in  cabinets  of  natural 
hiltory  to  prevent  the  approach  of  infedts,  which 
appear  to  be  ftupefied  and  killed  by  the  pun- 
gency of  its  odour.  Cut  its  principal  ufe  is  as 
a medicine  both  externally  and  internally. 

CAOUTCHOUC.  Elajhc  Gum. 

This  Angular  vegetable  fubftance  was  firfl 
brought  to  Europe  from  South  America  about 
the  beginning  of  the  laffc  century.  But  nothing 
was  known  concerning  its  Natural  hiftory  till 
in  1736  a memoir  was  prefented  to  the  French 
Academy  by  Condamine,  in  which  it  is  ftated 
that  there  grows  in  the  province  of  Efmeraldas, 
in  Brafil,  a tree  called  by  the  natives  Hheve, 
from  the  bark  of  which  there  flows,  on  its  being 
wounded,  a milky  juice,  which  by  expofure  to 
the  air  is  converted  into  caoutchouc.  M.  Freneau 
difeovered  the  fame  tree  in  Cayenne,  and  tranf- 
mitted  an  account  of  it  to  the  Academy  fifteen 
years  after  the  firfl;  notice  of  it  by  Condamine. 
•Later  refearches  have  proved  that  there  are  at 
leaft  two  trees  natives  of  South  America  from 
which  caoutchouc  is  obtained,  namely,  the 
Hoevea  caoutchouc  and  'Jatropha  elajiica , and  it  is 
not  improbable  that  it  is  yielded  by  other  fpecies 
of  thel'e  genera.  The  American  caoutchouc  is 
generally  brought  to  Europe  in  the  form  of 
globular  narrow  necked  bottles  like  receivers, 
about  an  eighth  of  an  inch  thick,  and  capable 
of  holding  from  half  a pint  to  a quart  or  more. 
In  its  native  country  it  is  fabricated  by  the  in- 
habitants into  veflels  for  containing  water  and 
other  liquids ; and  on  account  of  its  ready  in- 
flammability is  ufed  in  Cayenne  as  the  chief 
material  for  torches. 

A fubftance  pofleffing  all  the  properties  of 
the  American  caoutchouc  has  alfo  lately  been 
procured  by  Mr.  Howifon, a furgeon  in  Prince 
of  Wales’s  Ifland,  in  the  Eaft  Indies,  from 
the  juice  of  a climbing  plant,  the  Urceola  elaJU- 
ta,  a native  of  that  fmall  ifland,  and  of  the 
coaft  of  Sumatra.  The  thickcft  and  oldeft 


Hems  of  the  urceola  yield  by  far  the  largeft  pro- 
portion of  caoutchouc.  If  one  of  thefe  is  cut 
into,  a white  juice  ouzes  out,  of  the  confidence 
of  cream  and  flightly  pungent  to  the  tafte. 
When  expofed  for  a time  to  the  a£fion  of  the 
air,  or  more  expeditioufly  by  the  addition  of  a 
few  drops  of  any  acid,  a decompofition  takes 
place  ; the  uniform  thick  cream-like  juice  fepa- 
rates  into  a thin  whitifli  liquor  refembling  whey, 
and  the  caoutchouc  concretes  into  a clot  or  curd 
covered  fuperficially  with  a thin  coating  of  a 
butyraceous  matter.  If  the  juice  as  foon  as 
colledted  is  carefully  excluded  from  the  air,  it 
may  be  preferved  for  fome  weeks  without  any 
material  change,  but  at  length  the  caoutchouc 
feparates  from  the  watery  part  in  the  fame  man- 
ner, though  not  fo  perfedlly  as  it  does  by  free 
expofure  to  the  air.  The  proportion  cf  caout- 
chouc contained  in  the  juice  of  the  oldeft  Items 
is  nearly  equal  to  two-thirds  of  its  weight;  the 
juice  from  the  younger  trees  is  more  fluid,  and 
contains  a confiderably  fmaller  proportion  of 
this  fubftance. 

According  to  the  experiments  of  Mr.  Howifon, 
cloth  of  all  kinds  may  be  made  impenetrable  to 
water  by  impregnating  it  with  the  frefh  juice  of 
the  Urceola,  and  the  pieces  thus  prepared  are 
expeditioufly  and  molt  effectually  joined  to- 
gether by  moiftening  the  edges  with  either  the 
entire  juice  or  even  the  more  watery  part,  and 
then  bringing  them  in  contact  with  each  other. 
Boots,  gloves,  &c.  made  of  this  impervious 
cloth  are  preferable  even  to  thofe  formed  of 
pure  caoutchouc,  as  they  are  more  durable  and 
retain  their  fhape  better.  If  a fufficient  quan- 
tity of  this  juice  could  be  obtained,  the  impor- 
tant purpofes  to  which  it  might  be  applied  are 
almoft  innumerable. 

The  colour  of  frefh  caoutchouc  is  yellowifh 
white,  but  by  expofure  tn  the  air  it  becomes  of 
a fmoak-grey  : American  caoutchouc  in  the  ftate 
in  which  it  is  brought  to  Europe,  being  formed 
of  a multitude  of  extremely  thin  layers,  each  of 
which  is  expofed  to  the  air  for  fome  time,  in 
order  to  dry  before  the  next  is  laid  on,  is  of  a 
yellowifh  fmoak-grey  colour  throughout ; but 
mafles  of  Eaft  Indian  caoutchouc  being  formed 
more  expeditioufly,  are  dark-coloured  only  on 
the  outfide : when  cut  into  they  are  of  a very 
light  brown,  which  however  foon  deepens  by 
the  adtion  of  the  air..  Caoutchouc  is  perfedtlv 
taftelefs,  and  has  little  or  no  fmell,  except  when 
it  is  warmed,  it  then  gives  out  a faint  peculiar 
odour.  The  elafticity  of  this  fubftance  is  very, 
remarkable,  and  indeed  is  one  of  its  nroft 
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chara&eriftic  properties.  Slips  of  caoutchouc 
when  foftened  by  immerfion  for  a few  minutes 
in  boiling  water  may  be  drawn  out  to  feven  or 
eight  times  their  original  length,  and  will 
afterwards  refume  very  nearly  their  original 
dimenfions.  During  its  extenfion  a confiderable 
quantity  of  caloric  is  given  out,  b which  is  very 
perceivable  when  the  piece  is  held  between  the 
lips ; and  when  it  is  allowed  to  contract  a de- 
creafe  of  temperature  will  immediately  take 
place.  By  fucceflive  extenfions  and  contradiions 
id  the  open  air,  and  efpecially  in  cold  water,  its 
elafticity  is  much  impaired  and  it  refufes  to 
return  to  its  former  dimenfions ; but  when  in 
this  ftate  it  is  put  into  hot  water  it  imbibes 
again  the  heat  which  it  had  loft,  and  by  degrees 
refumes  its  original  fize.  At  the  temperature 
of  about  40°,  caoutchouc  begins  to  grow  rigid, 
its  colour  becomes  much  lighter,  and  it  is  nearly 
opake ; as  the  cold  increafes  it  becomes  more 
ftiff  and  harder,  and  in  all  probability  by  a 
pretty  powerful  freezing  mixture  would  be  made 
brittle.  Thefe  changes  however  depend  merely 
.on  temperature,  for  a piece  of  hard  frozen 
caoutchouc  perfe&ly  recovers  its  elafticity  by 
being  warmed.  The  frefh  cut  furfaces  of  this 
fubftance  will  unite  together  by  Ample  contadf, 
and  by  a proper  degree  of  preflure  may  be 
brought  fo  compleatly  in  union  as  to  be  no 
more  liable  to  feparate  in  this  part  than  in  any 
other.  Its  fpecific  gravity,  according  to  BrilTon, 
is  0.933.  I*  undergoes  no  alteration  by  the 
a£Hon  of  the  air  at  the  common  temperature. 
When  boiled  for  a long  time  in  water  it  com- 
municates to  this  fluid  a peculiar  fmell  and 
flavour,  and  is  fo  far  foftened  by  it  that  two 
pieces  thus  treated  and  afterwards  ftrongly  pref- 
fed  together  will  form  a permanent  adhefion  to 
each  other. 

When  heated  at  a temperature  nearly  equal 
to  that  of  melting  lead,  caoutchouc  runs  into  a 
black  vifcid  liquor  of  the  confiftence  of  tar, 
which  does  not  concrete  on  cooling,  neither 
does  it  dry  by  long  expofure  to  the  air.  When 
held  to  a lighted  candle  it  readily  takes  fire  and 
burns  with  a copious  white  flame,  and  a large 
quantity  of  dark  coloured  fmoak  exhaling  at  the 
fame  time  a peculiar  but  not  unpleafant  odour : 
from  its  fmoak  a confiderable  proportion  of  fine 
lamp-biack  may  be  collected.  In  dry  diftillation 
it  gives  out  ammonia  and  carburetted  hydrogen. 

Concentrated  fulphuric  acid,  efpecially  when 
heated,  adits  with  confiderable  energy  on  caout- 
chouc, reducing  k to  a black,  friable,  charcoal- 
tke  fubftance,  at  the  fame  time  the  acid  itfelf 
k Thompfo.V*  C.hemiltry,  iv.  p.  355, 


is  in  part  decompofed,  fulphureous  acid  gas 
being  extricated.  When  treated  with  nitric 
acid,  azotic  gas  is  difengaged,  mixed  with  car- 
bonic and  pruflic  acids ; oxalic  acid  is  left  in 
folution,  and  the  reiidue  is  converted  to  a yel- 
low brittle  mafs^  By  digeftion  in  oxymuriatic 
acid  the  colour  of  caoutchouc  is  difcharged  ; it 
becomes  opake,  is  indurated  and  fomewhat 
wrinkled,  refembling  tanned  leather;  but  appears 
to  undergo  no  other  change.  Similar  effe&s 
are  produced,  though  more  flowly  by  muriatic 
acid. 

Ammoniacal  gas,  according  to  Dr.  Thompfon, 
is  abforbed  by  caoutchouc,  and  forms  a foft, 
glutinous  and  inelaftic  compound.  The  fame 
able  chemift  alfo  ftates  that  the  fixed  alkalies 
are  capable  of  combining  with  and  difiolving  it : 
he  has  however  omitted  to  mention  the  peculiar 
circumftances  required  for  effe&ing  this.  If 
flips  of  caoutchouc  are  boiled  for  a long  time  in 
cauftic  potalh,  they  appear  to  be  flightly  har- 
dened, but  undergo  no  other  change ; when  the 
alkali  is  evaporated  almoft  to  drynefs,  and  the 
caoutchouc  begins  to  foften  by  the  heat,  a com- 
bination begins  to  take  place  between  the  two, 
and  an  extremely  fetid  fmell  like  that  of  animal 
putrefa&ion  manifefts  itfelf.  By  repeatedly 
walhing  the  mafs  in  hot  water,  its  putrid  fmell 
is  diminilhed,  though  by  no  means  got  rid  of ; 
it  is  foft,  flightly  clammy  to  the  feel,  and  con- 
fiderably  elaftic  when  extended,  it  refembles  in 
its  fibrous  texture,  its  white  colour  and  Ihining 
gloflinefs,  the  tendons  of  animals. c 

A fomewhat  fimilar  effect  is  produced  by 
liquid  ammonia.  Some  pieces  of  caoutchouc 
being  macerated  in  exceedingly  cauftic  ammo- 
nia for  more  than  a year,  exhibited  on  exami- 
nation the  following  properties.  Their  colour 
was  changed  to  a perfectly  opake  white,  their 
bulk  had  not  materially  increafed  although  a 
confiderable  quantity  of  liquid  alkali  might  be 
fqueezed  out  of  them ; their  elafticity  was  fome- 
what diminilhed  and  they  were  flightly  vifcid 
externally.  On  expofure  to  a melting  heat  they 
crackled,  Ihrivelled,  and  became  contorted  like 
pieces  of  animal  fibre,  and  exhaled  a faint  odour, 
in  which  that  of  burning  animal  matter  was 
evidently  mixed  with  that  which  peculiarly  be- 
longs to  caoutchouc.  The  inflammability  was 
remarkably  diminilhed : a piece  held  in  the  flame 
of  a candle  crackled  exceedingly,  and  was  eva- 
porated without  combuftion,  except  a fmall 
portion  that  melted  and  blazed,  and  appeared  to 
be  the  part  which  had  efcaped  the  action  of  the 
alkali. d 

• Own  Experiment*.  * Ditto. 
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Caoutchouc  is  foluble  with  eafe  at  a boiling 
heat  in  the  exprefied  vegetable  oils,  in  wax, 
butter,  and  animal  oil,  forming  vifcid  unelaftic 
compounds. 

Rectified  oil  of  turpentine  at  the  common 
temperature  a£fs  without  difficulty  on  caout- 
chouc, firft  rendering  it  tranfparent  and  enlarg- 
ing its  bulk  confiderably,  and  in  the  courfe  of 
two  or  three  days  effecting  a compleat  folution. 
The  liquor  is  of  the  confiftence  of  drying  oil, 
and  when  fpread  thin  upon  wood  it  forms  a 
varniffi,  which  however  is  a long  time  in  be- 
coming dry.  When  mixed  with  wax  and  boiled 
linfeed  oil,  it  compofes  an  elaftic  varniffi, 
which  is  ufed  in  coating  balloons. 

The  only  menftrua  for  this  fubftance  from 
which  it  can  be  again  feparated  unaltered  are, 
ether,  petroleum,  and  cajeput-oil. 

The  folubility  of  caoutchouc  in  ether  was  firft 
difcovered  by  Macquer,  a circumftance  which, 
from  its  frequent  failure  in  the  hands  of  other 
chemifts,  was  very  generally  called  in  queftion 
till  Cavallo  cleared  "up  the  difficulty,  by  {flowing 
the  neceffity  of  employing  wa/hed  ether  for  this 
purpofe.  If  freffi  made  fulphuric  ether  is  ffiaken 
in  a vial  with  an  equal  quantity  of  pure  water, 
the  fmall  portion  of  acid  which  it  generally  con- 
tains is  diflolved  out  by  the  water,  and  the 
ether  combines  with  about  a tenth  of  its  weight 
of  this  latter  fluid.  The  waffied  ether  is  readily 
feparated  from  the  refidual  water  by  decantation 
on  account  of  its  fuperior  lightnefs,  and  is  now 
capable  of  effecting  a compleat  and  fpeedy  fo- 
lution of  caoutchouc.  The  folution  is  of  a light 
brown  colour,  and  when  faturated  is  confider- 
ably vifcid.  A drop  of  it  let  fall  into  a cup  of 
■water  immediately  extends  itfelf  over  the  whole 
furface,  and  the  ether  being  partly  abforbed  by 
the  water  and  partly  evaporated,  the  water  is 
found  covered  with  an  extremely  thin  film  of 
caoutchouc,  poffeffing  its  elaftieity  and  ail  its 
other  chara&eriftic  properties.  A fimilar  effedt 
takes  place  when  cloth  of  any  kind  is  foalced  in 
the  folution,  or  any  hard  furface  is  fmeared  over 
with  it;  on  expofure  to  the  air  the  ether  is 
rapidly  evaporated,  and  the  caoutchouc  which 
it  was  combined  with  is  left  behind.  The  affi- 
nity of  this  folution  for  caoutchouc  is  very  great : 
if  the  edges  of  two  pieces  of  caoutchouc  are 
dipped  in  it  and  immediately  brought  in  clofe 
contadl  with  each  other,  as  foon  as  the  ether  is 
evaporated  they  will  be  found  to  be  perfectly 
united. 

There  are  two  circumftances  which  muft  al- 
ways prevent  the  extenfive  ufe  of  the  ether ic 
c Aa.  de  Chim.  xii.  p.  ij 6. 


folution  of  caoutchouc,  admirably  qualified  as 
it  is  in  other  refpedts  for  many  ufeful  purpofes; 
thefe  are,  firft,  its  expenfivenefs,  and  fecondly, 
the  extraordinary  rapidity  with  which  the  ether 
evaporates,  thus  rendering  it  impoffible  to  lay 
an  even  coating  of  this  varnifh  on  any  furface, 
and  clogging  up  the  bruffies  by  which  it  is  ap- 
plied. In  order  to  form  tubes  or  catheters  of 
this  fubftance,  the  belt  method  is  to  cut  a bottle 
of  caoutchouc  into  a long  fingle  flip,  and  foak  it 
for  half  an  hour  or  an  hour  in  ether : by  this 
means  it  will  become  foft  and  tenacious,  and  if 
wound  dexteroufly  in  a fpiral  form  on  a mould, 
bringing  the  edges  in  contadt  with  each  other  at 
every  turn,  and  giving  the  whole  a moderate 
and  equal  preffure  by  binding  it  with  a tap* 
wound  in  the  fame  diredtion  as  the  caoutchouc, 
a very  effedlual  union  will  be  produced.  After 
a day  or  two  let  the  tape  be  taken  off,  and  the 
cylinder  of  caoutchouc  may  be  rendered  ftili 
more  perfect  by  pouring  a little  of  the  etheric 
folution  into  a glafs  tube  clofed  at  one  end,  the 
diameter  of  which  is  a little  larger  than  that  of 
the  cylinder  of  caoutchouc  ; which  being  intro- 
duced into  the  tube  will  force  the  folution  to 
the  top  of  die  veffel.  Let  the  whole  of  the 
apparatus  be  then  placed  in  boiling  water,  the 
ether  will  be  evaporated,  and  a fmooth  and  uni- 
form coating  of  newly  depofited  caoutchouc  will 
remain  upon  the  cylinder. 

Petroleum  when  redtified  by  gentle  diftillation 
affords  a colourlefs  liquid  not  to  be  diftinguiffied 
from  the  pureft  naphtha  ; and  this,  according  to 
Fabroni,  has  the  property  of  diffolving  one- 
feventieth  of  its  weight  of  caoutchouc,  and  of 
depofiting  it  again  unaltered,  by  fpontaneous  eva- 
poration. e It  does  not  appear  however  that  this 
menftruum  has  been  much  employed. 

The  folubility  of  caoutchouc  in  cajeput  oil 
was  firft  noticed  by  Dr.  Roxburgh. f This  is 
an  effential  oil  procured  in  India  from  the  leaves 
of  the  Melaleuca  Leucadendron , and  promifes  to 
be  the  moft  ufeful  menftruum  of  this  fubftance 
that  has  hitherto  been  difcovered.  The  folution 
is  thick  and  very  glutinous.  When  alcohol  is 
added,  this  latter  unites  with  the  effential  oil, 
“ and  leaves  the  caoutchouc  floating  on  the 
“ liquor  in  a foft  femifluia  ftate,  which  on  being 
“ waffied  with  the  fame  liquor  and  expofed  to 
“ the  air,  became  as  firm  as  before  it  was  dif- 
“ folved,  and  retained  its  elaftic  powers  per- 
“ fedtly,  while  in  the  intermediate  ftate  between 
“ femifluid  and  firm,  it  could  be  drawn  out  into 
“ long  tranfparent  threads,  refembling  in  the 
**  poliffi  of  their  furface  the  fibres  of  the  tendons 
1 Afiat.  Rcfcarches,  v.  p.  167. 
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**  of  animals ; when  they  broke  the  elaflicity 
“ was  fo  great  that  each  end  inflantaneoufly 
“ returned  to  its  refpedlive  mafs.  Through  all 
“ thefe  ftages  the  leaft  preffure  with  the  linger 
“ and  thumb  united  different  portions  as  per- 
“ fe£lly  as  if  they  had  never  been  feparated, 
“ and  without  any  clamminefs  or  flicking  to  the 
**  fingers.” 

Alcohol  has  no  a£lion  whatever  on  caout- 
chouc. 

Although  caoutchouc  is  procured  in  quantity 
only  from  the  vegetable  juices  mentioned  in  die 
former  part  of  this  article,  yet  it  appears  to  be 
contained  in  feveral  other  plants.  It  is  contained 
in  the  milky  juices  of  the  Indian  fig  ( Ficus 
Jndica )>  and  of  the  bread-fruit  tree  ( Artocarpus 
ir/rifaj-,  the  berries  of  the  mifeltoe,  and  probably 
all  the  vegetable  barks  that  yield  bird-lime, 
abound  with  it.  The  caoutchouc  however  ob- 
tained from  thefe  fources  differs  from  that  which 
we  have  been  defcribing  in  retaining  a greater 
or  lefs  degree  of  vifcidity,  and  perhaps  in  other 
rel'pedts,  for  no  accurate  comparative  experi- 
ments have  yet  been  made  to  decide  this  point. 
An  invefligation  into  the  properties  and  com- 
pofition  of  the  birdlime  from  mifeltoe  and  holly- 
bark  would  in  all  probability  lead  to  very  in- 
terefting  refults. 

The  ufes  to  which  caoutchouc  has  hitherto 
been  applied  are  the  following.  It  is  employed 
very  extenfively  for  rubbing  out  black-lead  pen- 
cil marks  from  paper,  hence  its  ufual  name  of 
India  rubber:  it  is  of  value  to  the  chemift  as  a 
material  for  flexible  tubes  to  gazometers  and 
other  apparatus : the  furgeon  is  indebted  to  it 
for  flexible  catheters  and  fyringes ; and  finally 
it  enters  as  an  effential  ingredient  into  the  com- 
pofition  of  the  bell  varnifh  for  balloons. 

CAOUTCHOUC  Mineral.  See  Bitumen. 

CAPITAL.  An  article  of  Chemical  Appa- 
ratus. See  Appendix. 

CAPUT  MORTUUM.  Tete  morte,  Fr. 
Todtenkopfe , Germ. 

This  term  is  at  prefent  obfolete : it  was  ufed 
by  the  old  chemills  to  exprefs  the  refidues  of 
diftillations  after  all  the  volatile  parts  had  been 
driven  off  by  the  adlion  of  heat.  Thefe  refi- 
dues were  at  firft  thrown  away  as  of  no  value. 
Glauber  was  the  firft  who  particularly  employed 
himfelf  in  their  examination,  and  was  rewarded 
for  his  pains  by  the  difcovery  of  fulphat  of  foda 
(Glauber’s  fait)  in  the  caput  mortuum  remaining 
after  the  diflillation  of  muriatic  acid  from  com- 
mon fait  and  green  vitriol ; and  of  fulphat  of 
potafh  (Sal  fecretum  Glauberi)  in  the  refidue 
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after  the  diflillation  of  nitric  acid  from  nitre  and 
green  vitriol. 

CARBON.  Carbone , Fr.  Kohlenjloff \ Germ. 

CHARCOAL.  Charbon , Fr.  Kohle,  Germ. 

Although  carbon  is  an  effential  conflituent 
part  of  almofl  all  vegetable  and  animal  fub- 
ftances,  and  is  contained  in  vail  abundance  in 
the  mineral  kingdom,  yet  it  is  of  very  rare  oc- 
currence in  a Hate  of  abfolute  purity.  When 
uncombined  with  any  other  body  it  is  cryflal- 
lized,  colourlefs,  intenfely  hard,  and  under  its 
commercial  and  mineralogical  name  Diamond, 
is  ranked  at  the  head  of  the  gems,  and  in  pro- 
portion to  its  bulk  is  the  mofl  coftly  of  all  fub- 
flances.  The  detail  of  its  natural  hiflory  and 
external  characters  will  be  given  under  the  term 
Diamond,  the  chemical  fadts  that  have  been 
difeovered  concerning  it  being  all  that  we  have 
to  do  with  at  prefent. 

The  firft  fuggeftion  of  the  inflammable  na- 
ture of  diamond  is  due  to  Newton.  This  phi- 
lofopher  having  obferved  that  inflammable  bodies 
in  proportion  to  their  denfity  poffefs  a greater 
power  of  refracting  the  rays  of  light  than  other 
l'ubftances,  was  induced  to  rank  the  diamond 
among  them  on  account  of  the  eminent  degree 
in  which  it  poffeffed  this  property.  This  con- 
jecture was  verified  in  1694  by  the  members  of 
the  Academy  del  Cimento  at  Florence,  who 
confumed  feveral  diamonds  by  placing  them  in 
the  focus  of  a lens.  Soon  after  Francis  the  firft, 
emperor  of  Germany,  contributed  fome  dia- 
monds which  were  confumed  by  the  heat  of  a 
furnace.  Rouelle,  Macquer,  Cadet,  and  D’Arcet 
repeated  the  fame  experiments  with  confiderable 
attention,  and  found  that  by  expofure  to  heat 
and  air,  diamond  was  not  only  evaporated,  but 
a£tually  burnt  with  flame ; but  that  even  a very 
high  temperature  when  the  air  was  excluded, 
produced  no  alteration  in  this  fubftance. 

In  1772,  an  experiment  was  made  byLavoifier 
which  may  be  confidered  as  the  firft  attempt  to 
effeCt  a chemical  analyfis  of  diamond.  He 
burnt  a fmall  piece  of  this  fubftance  in  a jar  of 
atmofpheric  air.  by  means  of  a powerful  lens, 
and  found  that  the  original  bulk  of  the  air  had 
been  diminifhed,  and  a quantity  of  carbonic  acid 
was  produced,  whence  he  concluded  that  there 
exifts  a confiderable  analogy  between  charcoal 
and  diamond.  In  1785  Morveau  difeovered 
that  diamond  when  dropped  into  melted  nitre 
burns  like  charcoal,  and  without  leaving  any 
refiduum.  This  fact  fuggefted  to  Mr.  Tennant 
a method  of  analyfing  diamond  which  was  ef- 
fected in  1795  with  complete  fuccefs.1  Th* 
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apparatus  made  ufe  of  on  this  occafion  was  a 
tube  of  gold  clofed  at  one  end,  and  terminating 
at  the  other  in  a curved  glafs  tube,  fo  as  to  an- 
fwer  the  purpofe  of  a retort.  By  way  of  pre-. 
vious  trial  fome  purified  nitre  was  heated  in  the 
tube  till  it  became  alkaline,  and  being  then  dif- 
folved  out  by  water  the  folution  was  found  to 
be  abfolutely  free  from  carbonic  acid,  as  it  did 
not  affedf  the  tranfparency  of  lime-water.  Hav- 
ing thus  fatisfied  himfelf  with  regard  to  the  per- 
fection of  his  apparatus,  Mr.  T.  fiiled  the  tube 
with  a quarter  of  an  ounce  of  nitre  and  two 
grains  and  a half  of  fmall  diamonds : the  gold 
tube  was  then  heated  to  a full  red,  and  kept  at 
this  temperature  for  an  hour  and  a half.  The 
gas  difengaged  during  the  procefs  was  afcer- 
tained  by  the  tell  of  lime-water  to  contain  only 
an  extremely  minute  portion  of  carbonic  acid. 
The  alkaline  refidue  of  the  nitre  was  then  dif- 
folved  out  of  the  tube  by  water,  and  not  the 
leaft  trace  was  found  of  the  diamonds.  The 
folution  being  mixed  with  muriat  of  lime  a co- 
pious precipitate  fell  down,  which  being  care- 
fully collected  was  placed  in  a fmall  glafs  globe 
with  a tube  annexed  : mercury  was  then  poured 
in  to  fill  it,  and  the  apparatus  was  inverted  in  a 
bafon  of  the  fame  fluid.  Some  muriatic  acid 
was  then  introduced  by  which  the  calcareous 
precipitate  was  diflolved,  and  the  carbonic  acid 
,that  it  contained  was  at  the  fame  time  difen- 
gaged and  collected  in  the  annexed  tube.  The 
bulk  of  carbonic  acid  was  fomething  more  than 
io.i  ounces  of  water,  at  550  Fah.  29.8  Barom. 
A fecond  experiment  was  made  in  a fimilar 
manner  with  one  grain  and  a half  of  diamonds, 
and  the  carbonic  acid  obtained  occupied  the 
fpace  of  6.18  ounces  of  water,  according  to 
which  proportion  the  bulk  of  the  carbonic  acid 
from  2.5  grs.  of  diamond  would  have  been 
=r  10.3  ounces.  The  carbonic  acid  thus  dif- 
engaged was  again  combined  with  lime,  and  by 
heating  it  in  a clofe  tube  with  phofphorus  the 
carbonic  acid  was  decompofed,  and  its  carbon- 
aceous bafe  which  at  the  commencement  of  the 
experiment  was  diamond,  aflumed  now  the 
black  colour  and  other  characters  of  charcoal. 
The  identity  of  charcoal  and  diamond  is  (till 
further  confirmed  by  comparing  the  quantity  of 
carbonic  acid  produced  from  the  combuftion  of 
each.  Lavoifier,  from  feveral  experiments  which 
have  been  acquiefced  in  by  all  chemifts  as  fuf- 
ficiently  accurate,  has  (hewn  that  1 part  of  pure 
charcoal  requires  2.5  parts  of  oxygen  for  its 
acidification;  or  that  100  parts  of  carbonic  acid 
contain  28  charcoal  and  72  oxygen.  Now  af- 


fuming  the  medium  of  Mr.  Tennant’s  experi- 
ments as  approaching  very  nearly  to  the  truth, 
it  follows  that  2.5  grs.  of  diamond  yield  10.2 
ounce  meafures  of  carbonic  acid  at  550  tempe- 
rature, and  29.8  barometrical  prefliire.  But  I 
ounce  meafure  is  rrr  1.89  cub.  inch,  and  1 cub. 
inch  of  carbonic  acid  weighs  0.467  grain:  there- 
fore 2.5  grs.  diamond  yield  9.03  grs.  of  car- 
bonic acid ; and  the  correfpondence  of  this  with 
the  proportion  of  charcoal  deduced  from  the 
experiments  of  Lavoifier  is  manifeft  from  the 
following  equation, 

: ioocarb.  acid  : 28  char. : : 9.03  carb.acid  : 2.521  diamond 
Since  the  publication  of  Mr.  Tennant’s  paper 
the  fubjeft  has  been  refumed  by  Morveau  at  the 
Polytechnic  fchool  at  Paris,  with  no  fmall  parade 
and  pretenfions  to  accuracy ; and  as  he  hag 
drawn  from  his  experiments  and  calculations 
not  only  very  different  refults  from  Mr.  Ten- 
nant, but  has  made  them  the  balls  of  a new 
hypothefis,  it  is  requifite  to  enter  into  their  ex- 
amination with  fome  minutenefs. 

bA  globular  receiver  of  glafs  was  filled  with 
1 1470  cubic  centimetres  (450  cub.  inch.)  of  oxy- 
ygen  gas,  and  a diamond  of  the  weight  of  200 
millegrammes  (3.08  grs.)was  placed  within  it:  by 
the  action  of  a powerful  lens  the  diamond  was 
confumed  and  carbonic  acid  produced.  A quan- 
tity of  barytic  water  was  then  introduced,  and 
a white  precipitate  of  carbonated  barytes  wag 
thrown  down,  weighing  when  dried  at  21 2°.  192 
centigrammes  : now,  as  carbonated  barytes  ac- 
cording to  Pelletier  contains  22  percent,  of  car- 
bonic acid,  thefe  192  centigrammes  reprefent  42 
centigrammes  (6.48  grs.)  carbonic  acid.  The  gas 
remaining  in  the  receiver  amounted  to  11242 
centimetres,  and  ftill  contained  carbonic  acid, 
for  on  mixture  with  ammonia  it  experienced  a 
diminution  of  fomewhat  more  than  4 per  cent, 
which  gives  448  centimetres  (8.21  grs.)  mord 
of  carbonic  acid.  Hence  it  appears,  that  al- 
though 28  parts  of  charcoal  and  72  of  oxygen 
compofe  100  parts  of  carbonic  acid,  yet  the 
fame  quantity  of  carbonic  acid  requires  only 
17.88  diamond  and  82.12  oxygen.  M.  Morveau 
therefore  infers  that  diamond  is  pure  carbon, 
and  charcoal  an  oxyd  of  carbon,  being  compofed 
of  63.85  carbon  and  36.15  oxygen:  this  con- 
clufion  he  confiders  as  {Lengthened  by  the  ex- 
periments on  plumbago  by  Scheele,  who  found 
that  twice  as  much  charcoal  was  requifite  to  al- 
kalize a given  quantity  of  nitre,  as  of  plumbago, 
and  that  80  centigrammes  of  the  fame  when 
diftilled  with  20  parts  of  nitre  yielded  357  cubic 
centimetres  of  carbouic  acid. 
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The  above  are  the  principal  fa£U  and  infe- 
rences contained  in  the  memoir  of  M.  Morveau, 
againft  which  the  following  objections  may  be 
urged. 

I.  Allowing  the  author  all  his  fads,  there 
appears  to  be  an  effential  error  in  his  calcula- 
tions. The  carbonic  acid  as  eftimated  by  him 
from  the  carbonat  of  barytes  produced  is  = 42 
centigrammes,  and  the  carbonic  acid  indicated 
in  the  refidual  gas  by  the  tell  of  ammonia, 
amounts  to  448  centimetres  more ; 
now  42  centigrammes  = 6.48  grains 

448  centimetres  of  carb.  acid  = 8.21 


14.69  grains 

troy,  being  the  total  amount  of  carbonic  acid. 
The  quantity  of  diamond  employed  was  = 2co 
millegrammes  (3.08  grs.  troy);  therefore  : 14.69 
grs.  carb.  a.  : 3.08  grs.  diamond  : : 100  : 20.9. 
Hence  the  proportions  of  diamond  and  oxygen 
in  carbonie  acid,  inftead  of  being  as  M.  Morveau 
ftates,  17.88  diamond  and  82. ii  oxygen,  ought 
to  be  reckoned  at  20.9  diamond  and  79.1  oxy- 
gen. But  there  will  be  a (till  nearer  approxi- 
mation to  the  proportions  laid  down  by  Mr. 
Tennant,  if  inftead  of  eftimating  the  carbonic 
acid  from  the  carbonat  of  barytes  and  the  quan- 
tity contained  in  the  refidual  gas,  we  take  as  the 
balls  of  our  calculations  the  quantity  of  oxygen 
confumed.  Now  this,  according  to  Morveau, 
amounted  to  677  centimetres,  or  26.6  cubic 
inches ; the  weight  of  which,  eftimating  the 
fpecific  gravity  of  oxygen  at  .0013562,  is 
= 9.X2  grs.  troy,  and  this  added  to  3.08  grs. 
the  weight  of  the  diamond,  reduces  the  quan- 
tity of  carbonic  acid  to  12.2  grs.  inftead  of 
14.69  as  deduced  from  the  former  method. 
Therefore  1 part  diamond  requires  2.96  oxygen 
to  produce  3.96  carbonic  acid  : hence  100  parts 
carbonic  acid  are  compofed  of 
25  diamond 
75  oxygen 


100 

which  is  not  very  different  from  Mr.  Tennant’s 
fecond  experiment,  in  which  1.5  gr.  diamond 
yielded  6.18  ounce  meafures  of  carbonic  acid, 
whence  the  proportions  would  be 
27.4  diamond 
72.6  oxygen 

1 00.0  carbonic  acid. 

2.  M.  Morveau  appears  to  have  proceeded  on 


erroneous  ’grounds  in  his  eftimate  of  the  car- 
bonic acid  contained  in  carbonat  of  barytes. 
M.  Pelletier'  ftates  the  component  parts  of  the 
native  carbonat  of  barytes  at 

22  carbonic  acid 
62'  barytes 
16  water 


100 

without,  however,  particularizing  the  experi- 
ments from  which  he  obtained  this  refult.  But 
Klaproth  from  a feries  of  unexceptionable  ex- 
periments11 has  clearly  fhown,  that  the  native 
carbonat  of  barytes  contains  no  water,  and  con- 
fifts  of 

22  carbonic  acid 
78  barytes 

100 


Now  M.  Morveau’s  carbonated  barytes  was  «r- 
tificialy  and  dried  only  at  21 2°,  therefore  it 
doubtlefs  contained  a confiderable  quantity  of 
water ; and  22  per  cent,  muft  be  a greatly  ex- 
aggerated ftatement  of  its  carbonic  acid. 

3.  The  experiments  of  Scheele  which  are 
brought  to  countenance  thefe  refults  are  by  no 
means  fufficiently  accurate  for  the  purpofe:  con- 
cerning the  firft,  this  able  chemift  limply  ftates, 
that  “ five  parts  of  nitre  are  fufficient  to  decom- 
“ pofe  one  of  charcoal ; whereas  ten  parts  of 
**  nitre  are  required  to  produce  the  fame  effect 
“ upon  one  part  of  plumbago.”'  Now,  when 
it  is  conlidered  that  in  thefe  experiments  the 
nitre  and  charcoal  or  plumbago  were  levigated 
together,  and  then  projected  into  a red  hot 
crucible,  it  will  be  obvious  that  the  difference 
obferved  between  the  plumbago  and  charcoal 
is  in  a great  meafure  owing  to  the  fuperior  fpe- 
cific gravity  of  the  former,  by  which  it  was 
prevented  from  being  thrown  out  during  the 
detonation.  With  regard  to  Scheele’s  fecond 
experiment,  not  to  mention  the  imperfe£Hon  of 
the  apparatus,  which  confifted  merely  of  a glafs 
retort  with  a bladder  faftened  to  it ; and  that 
neither  the  temperature  nor  barometrical  pref- 
fure  of  the  gas  was  noticed,  nor  the  carbonic 
acid  which  remained  in  combination  with  the 
alkaline  refiduum  of  the  nitre,  — overlooking 
all  thefe  obje&ions,  and  taking  the  proportions 
as  ftated  by  Morveau,  they  will  be  found  if  they 
prove  any  thing,  to  prove  too  much.  80  centi- 
grammes of  plumbago  afforded,  fays  M.Morveau, 
357  cubic  centimetres  of  carbonic  acid ; there- 
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fore  (reducing  the  whole  to  Engfifh  meafure) 

; 60.9  grs.  carton,  acid  .•  12.3  grs.  plumbago  : : loo  : 20.1 

fo  that  a lefs  proportion  of  plumbago  is  required 
for  the  formation  of  carbonic  acid  than  even  of 
diamond,  and  this  without  taking  into  account 
the  5 per  cent,  of  iron  contained  in  plumbago. 

If  thefe  obje&ions  to  the  experiments  of  M. 
Morveau  are  well  founded,  we  mull  return  to 
the  dedu&ions  of  Mr.  Tennant,  and  confider 
charcoal  and  diamond  as  very  nearly  the  fame 
fubftance  chemically  fpeaking,  though  differing 
fo  materially  in  many  other  refpe&s ; and  as 
bearing  to  each  other  the  fame  analogy  as  chalk 
to  calcareous  fpar,  alumine  to  fapphire,  filex  to 
rock-cryftal. 

Diamond  when  placed  in  the  focus  of  a 
powerful  lens  in  contadf  with  oxygen  gas  pre- 
sents the  following  phenomena.  It  firft  becomes 
of  a clear  red,  and  foori  after  is  apparently  en- 
larged in  bulk  by  being  furrounded  by  a faint 
white  light,  indicating  it  to  be  in  a ftate  of  com- 
buftion : minute  black  fpots,  having  a leaden 
metallic  luftre  occafionally  form  on  its  furface, 
efpecially  when  there  is  a flight  remifhon  of  the 
heat;  the  diamond  gradually  diminiflies,  and  at 
length  is  entirely  confumed  without  leaving 
the  fmalleft  refidue.  It  is  fomewhat  remark- 
able, that  although  in  a ftate  of  adfual  ignition 
and  furrounded  with  oxygen  gas,  it  neverthelefs 
immediately  ceafes  to  burn  as  foon  as-  the  focus 
of  the  lens  is  withdrawn.  The  beft  obferva- 
tions  on  the  combuftion  of  this  Angular  fub- 
ftance by  the  heat  of  a furnace,  are  to  be  found 
in  a valuable  paper  by  Sir  George  Mackenzie/ 
A diamond  being  placed  on  a thin  piece  of  baked 
clay,  was  introduced  into  a muffle  previoufly 
heated  red  hot : it  foon  acquired  the  fame  red- 
nefs  as  the  muffle,  and  in  a few  feconds  more 
became  vifible  by  a bright  glow.  Being  then 
removed  from  the  fire  it  was  found  to  have  ac- 
quired a flight  milky  appearance,  and  its  luftre 
was  impaired,  but  no  black  fpecks  were  per- 
ceived on  its  furface.  A diamond  and  a piece 
of  plumbago  were  introduced  together  into  a 
muffle;  the  latter  was  obferved  to  exhibit  the 
fame  luminous  appearance  as  the  former,  only 
it  began  at  a lower  temperature.  The  air  being 
excluded  for  a.  few  minutes  by  doling  the  mouth 
of  the  muffle,  both  the  diamond  and  plumbago 
loft  their  brightnefis  y but  this  foon  returned  on 
again  allowing  the  air.  to  circulate  through  the 
muffle,  and  was  increafed  in  both  by  blowing 
on  them  with  a pair  of  bellows.  The  tempe- 
rature required  for  the  combuftion  of  diamond 
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is  lower  than  has  been  generally  fuppofed  ; Sir 
G.  Mackenzie  found  that  at  1 Wedgewood, 
the  diamond  had  acquired  the  dim  milky  appear- 
ance juft  mentioned,  and  that  the  higheft  heat 
neceftary  for  its  compleat  combuftion  did  not 
exceed  150. 

In  order  ftill  further  to  afcertain  the  identity 
of  diamond  and  charcoal,  it  was  ingenioufly 
fuggefted  by  the  French  chemifts  to  attempt  to 
convert  iron  into  fteel  by  means  of  diamond  in— 
ftead  of  charcoal.  This  was  fuccefsfully  per- 
formed by  Clouet/  and  afterwards  repeated 
with  fome  variations  by  Sir  G.  Mackenzie,  in 
order  to  obviate  certain  objections  that  had  been 
raifed  againft  the  accuracy  of  the  experiment. 

The  above  are  all  the  chemical  facts  hitherto  > 
known  concerning  diamond  or  carbon  in  its- 
pureft  ftate : we  ftiall  now  proceed  to  treat  of 
charcoal. 

Charcoal. 

The  great  confumption  of  charcoal  is  as  fuel, 
and  the  molt  ufual  material  of  which  it  is  pre- 
pared is  wood.  The  mod  efteemed  kinds  of 
wood  for  this  purpofe  are  oak,  chefnut,  elm, 
beech,  and  afh ; the  white  woods  and  thofe 
which  abound  in  refin  being  commonly  reject- 
ed. Large  timber,  befides  being  too  valuable  to 
be  thus  employed,  furnifhes  only  a very  inferior 
flaky  kind  of  charcoal,  the  beft  being  produced 
from  coppice  wood,  the  ftems  of  which  are  from 
half  an  inch  to  two  inches  in  diameter.  Pieces 
three  or  four  inches  thick  are  not  indeed  rejected, 
but  they  require  to  be  cloven  in  four  previous  to 
charring,  which  is  fome  additional  trouble,  and 
the  produce  of  charcoal  is  fmaller  in  proportion 
than  of  the  entire  pieces.  The  wood  when  firft 
cut  downa  is  formed  into  large  faggots,  which 
are  dried  in  the  open  air  for  two  or  three 
months,  and  are  then  in  a fit  ftate  to  be  made 
into  charcoal.  For  this  purpofe  it  is  forted  into 
brufh  wood,  the  fmaller  ftems,  and  the  larger 
ones,  the  two  latter  of  which  are  cut  into  trun- 
cheons from  two  to  three  feet  in  length.  A 
fquare  or  circular  fpace  about  fifteen  feet  in 
diameter  is  then  marked  out  in  a dry  fheltered 
fpot,  and  the  turf  is  carefully  removed  from  its 
furface,  which  is  beaten  till  it  becomes  quite 
hard,  dry,  and  folid  : a thick  ftake  fomewhat 
higher  than  the  intended  pile  is  driven  into  the 
centre  of  the  area,  and  a thin  ftratum  of  brulh 
wood  is  ftrewed  evenly  over  the  whole  fpace 
ferving  as  a foundation  for  the  reft.  Above 
the  brufh -wood,  is  laid  a ftratum  of  trunch- 
eons, taking  care  to  place  the  thickeft  near  the 
centre,  and  the  thinneft  at  the  edges : over  this 
xxxi.  p.  328.  ‘Arts  et  Metiers  art.  Charbonnier. 
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is  fpread  a ftratum  of  brufh-wood,  and  fo  on  al- 
ternately till  the  pile  has  acquired  the  heighth 
of  about  fix  feet,  forming  a truncated  pyramid, 
or  truncated  cone.  The  top  and  fides  are  now 
covered  to  the  thicknefs  of  two  inches  more  or 
lefs  with  dry  earth,  or  the  dull  remaining  from 
a former  burning;  and  over  all  is  laid  neatly  a 
Covering  of  fods  fo  as  to  exclude  the  air,  except 
from  the  lowed:  ftratum  of  brufh-wood,  and 
here  the  fods  are  laid  with  as  great  intervals 
between  them  as  can  be  allowed  confiftent- 
ly  with  giving  a firm  fupport  to  the  upper 
fods  which  reft:  upon  them.  The  pile  being 
thus  arranged  one  of  the  workmen  mounts  to 
the  top  of  it,  and  withdraws  the  ftake  that  was 
driven  into  the  centre  of  the  area,  filling  up  the 
fpace  with  dry  chips,  and  laying  a lighted  Hick 
on  the  top.  The  fire  foon  begins  to  fpread 
downwards,  and  torrents  of  fmoke  pour  forth 
from  the  interftices  between  the  lower  fods  and 
from  the  chimney  in  the  centre : after  fome 
time  a light  column  of  flame  rifes  out  of  the 
chimney  which  is  immediately  ftifled  by  the  ap- 
plication of  a piece  of  turf  laid  lightly  on,  fo  as 
almoft  but  not  entirely  to  clofe  the  vent.  In  an 
hour  or  two  the  fire  will  have  made  confider- 
able  progrefs,  and  occafional  explofions  will  take 
place,  from  the  copious  difengagement  and  Hid- 
den combuftion  of  carburetted  hydrogen,  on 
which  occafions  all  the  vigilance  of  the  work- 
men is  required.  The  approach  of  an  explofion 
is  indicated  by  a rumbling  kind  of  noife  within 
the  pile  which  terminates  in  a loud  burft  as  if 
the  whole  mafs  was  torn  in  pieces;  no  material 
derangement  however  happens  except  that  a 
fmall  part  of  the  covering  is  thrown  out  of  its 
place,  the  extent  of  the  damage  being  indicated 
by  the  flame  and  fmoke  that  burft:  forth.  Thefe 
orifices  as  foon  as  they  appear  muft  be  carefully 
clofed  by  a few  fpadefuls  of  dry  earth.  In 
twelve  or  fourteen  hours  the  explofions  will 
have  ceafed,  and  the  fmoke  will  diminifh ; the 
workmen  muft:  now  begin  gradually  to  clofe  up 
the  interftices  at  the  bottom  of  the  pile,  begin- 
ning on  the  windward  fide,  and  then  for  the 
next  twenty  hours  no  further  attention  will  be 
required  except  to  fee  that  no  accidents  happen : 
the  fire  quietly  fpreads  towards  the  circum- 
ference, which  when  it  has  reached  the  fmoak 
almoft  entirely  ceafes,  and  the  whole  mafs  ap- 
pears glowing  in  every  part.  The  wood  is  now 
thoroughly  charred,  and  nothing  more  is  necef- 
fary  than  to  extinguilh  the  fire : this  is  done  by 
throwing  on  a quantity  of  dried  earth  fufficient 
to  cover  the  whole  to  the  depth  of  a few  inches, 


and  taking  care  to  ftop  up  all  cracks  as  foon  as" 
they  appear.  In  the  courfe  of  the  fourth  day 
from  building  the  pile,  the  charcoal  is  generally 
fit  to  be  removed,  and  this  is  afeertained  by 
making  an  opening  into  the  mafs  while  yet 
warm,  and  if  the  fire  is  entirely  extinguifhed  it 
is  immediately  taken  to  pieces,  but  if  on  ex- 
pofure  to  the  air  it  begins  to  glow  the  opening 
is  carefully  covered,  and  the  breaking  up  of  the 
pile  is  deferred  to  the  next  day. 

The  above  is  the  French  method  of  preparing 
charcoal ; but  the  mode  followed  in  Scotland 
with  the  moft  fuccefs  differs  fo  confiderably 
from  that  juft  deferibed,  as  to  require  particu- 
lar mention.  The  French  charcoal  is  chiefly 
calculated  for  culinary  ufes,  and  is  therefore 
made  of  confiderably  fmaller  wood  than  the 
Scottifh,  which  is  entirely  employed  in  the  iron 
works.  bThe  procefs  begins  by  raifing  a plot 
of  ground  a little  higher  than  the  furrounding 
furface,  and  bringing  it  to  a (lightly  convex  form. 
In  the  centre  of  this  area  is  placed  a circle  of 
fticks,  the  loofe  ends  of  which  are  direded  in- 
wards fo  as  to  crofs  each  other  a few  inche* 
below  the  top,  and  thus  form  a kind  of  cup  of 
the  fhape  of  an  inverted  cone.  Round  this  in- 
terior circle  are  ranged  fucceflive  concentric 
circles,  formed  by  truncheons  from  one  to  ten 
inches  in  diameter,  care  being  taken  that  the 
truncheons  in  any  one  circle  are  of  the  fame 
diameter,  and  that  one  built  of  the  larged 
wood  is  always  fucceeded  by  another  of  the 
fmalleft  wood,  in  order  that  there  may  be  as 
few  interftices  as  poflible.  The  outermoft  circle 
is  compofed  of  brufh-wood.  When  the  pile 
meafures  from  twenty  to  thirty  feet  in  diameter 
it  is  fufficiently  large.  A coating  is  now  laid 
on  of  turf,  the  grafly  fide  next  to  the  wood, 
and  dry  earth  is  heaped  up  around  the  bottom 
of  the  pile,  and  well  rammed  down  in  order  to 
prevent  the  admiffion  of  air.  The  mafs  is  lighted 
in  the  centre,  by  dropping  into  the  cup  formed 
by  the  interior  circle  fome  dry  lighted  chips, 
and  in  proportion  as  thefe  are  confumed  other 
fmall  pieces  are  put  in  during  the  firft  four 
or  five  days.  When  the  upper  part  of  the  pile 
is  fufficiently  kindled,  a row  of  holes,  each 
about  two  inches  in  diameter  is  opened  a few 
inches  below.  The  hole  at  the  top  is  then 
clofed,  and  the  fire  now  compleatly  kindled 
flowly  defeends  to  the  circle  of  air  holes.  As 
foon  as  it  has  reached  this  point,  which  is  known 
by  a remarkable  diminution  of  the  fmoak  and 
vapour ; a fecond  row  of  holes  is  opened  at  the 
diftance  of  fix  or  eight  inches  below  the  firft 


k Muihet  in  Phil.  Mag.  iii.  p.  it. 


CAR 


CAR 


( 235  ) 


which  are  clofed  up  again.  In  this  manner  the 
fire  is  conduced  to  the  bottom  of  the  pile  in 
the  courfe  of  about  a fortnight : at  this  period 
the  pile  is  covered  up  as  accurately  as  poffible 
till  the  fire  is  compleatly  extinguifhed.  Thofe 
pieces  that  are  found  to  be  not  fufficiently  char- 
red are  called  brands,  and  are  employed  as  fuel 
for  the  next  fire. 

The  charcoal  produced  from  the  truncheons 
is  laid  by  itfelf,  and  fold  under  the  name  of 
charcoal ; that  from  the  brufh-wood  is  difpofed 
of  at  a lower  rate,  and  is  called  in  the  London 
market  fmall  coal. 

Although  charcoal  prepared  by  either  of  the 
above  methods  is  fully  adequate  to  all  the  pur- 
pofes  of  fuel  to  which  this  fubftance  is  applied, 
yet  in  the  manufacture  of  gunpowder,  and  for 
fome  other  ufes,  it  is  of  effential  importance  to 
procure  a charcoal  of  greater  purity  than  com- 
mon. This  was  formerly  done  by  fele&ing 
ftems  of  willow,  alder,  and  fome  other  of  the 
aquatic  trees,  and  charring  them  in  the  ufual 
manner,  but  with  peculiar  care.  Of  late,  how- 
ever, a very  confiderable  improvement  in  the 
preparation  of  the  finer  charcoal  has  taken  place 
by  charring  or  diftilling  the  wood  in  clofed  iron 
cylinders.  For  this  purpofe  a large  cylinder  of 
call  iron  fixed  in  mafonry  over  a grate,  and 


furnifhed  at  one  end  with  a door  capable  of  be- 
ing accurately  clofed,  and  terminating  at  the 
other  in  a curved  pipe,  is  filled  with  the  chips 
or  faw-duft  of  any  kind  of  wood  •,  the  door  be- 
ing then  clofed  and  a fire  lighted  in  the  grate, 
the  empyreumatic  acid,  and  all  the  other  vola- 
tile parts  of  the  wood  are  driven  off  by  the  heat, 
which  is  increafed  till  the  contents  of  the  cylin- 
der are  red  hot.  The  fire  is  then  withdrawn, 
the  cylinder  is  allowed  to  cool,  and  a black 
fhining  and  remarkably  pure  charcoal,  in  greater 
quantity  alfo  in  proportion  to  the  wood  em- 
ployed than  by  the  ufual  way,  is  procured,  ad- 
mirably fitted  for  the  ufe  of  the  gunpowder 
makers,  and  apparently  poffeffed  of  the  fame 
qualities  from  whatever  kind  of  wood  it  is 
made. 

The  proportion  of  charcoal  yielded  by  par- 
ticular woods  is  liable  to  be  fo  materially  affedt- 
ed  by  the  age,  and  the  drynefs  of  the  wood  and 
the  method  in  which  it  is  charred,  as  renders 
it  almoft  impoffible  to  obtain  any  corredt  refults 
in  the  great  way.  The  following  table  from 
experiments  in  the  fmall  way  by  Mr.  Muftiet,c 
will  however  be  found  to  be  interefting,  as  all 
the  woods  before  being  charred,  were  tho- 
roughly dried  and  prepared  as  nearly  as  poflible 
in  the  fame  circumftances. 


loo  parts  of  lignum  vitae  - - afforded 

mahogany  - - 

laburnum  - - — 

chefnut  - - - ■ - 

oak  

— American  black  beech 

holly  - - - - 

fycamore  - - - — 

— walnut  - - - 

beech  - - - 

American  maple  - — 

Norway  pine  - 

elm  - - - 

fallow  - - - - 

afli  -----  

birch  - - - 

Scottifh  pine  - 


26.8 

25.4 

24.5 

23.2 

22.6 

21.4 

19.9 
I9.7 
20.6 

19.9 

1 99 

19.2 

19.5 

18.4 

I7-9 

17.4 

16.4 


Charcoal  of  wood,  whatever  care  is  taken  in 
the  burning  to  drive  off  all  the  volatile  produdts, 
can  never  be  entirely  pure,  as  it  mull  retain  all 
the  earthy  and  metallic  ingredients  of  the  wood, 
the  proportions  of  which  vary  from  fa  to  T'o-  of 
the  charcoal ; for  the  more  delicate  operations 
of  chemiftry  therefore,  that  fpecies  of  charcoal 
is  made  ufe  of  which  is  procured  from  the  com- 


of  charcoal,  of  a greyilh  colour,  refembling  oak* 

tinged  with  brown,  fpongy  and  firm. 

velvet  black,  compadt,  very  hard. 

gloffy  black,  compadt,  firm, 

— black,  clofe,  very  firm. 

fine  black,  compadt,  remarkably  hard* 

dull  black,  loofe  and  bulky. 

fine  black,  bulky,  moderately  firm. 

dull  black,  clofe,  firm . 

dull  black,  fpungy,  firm. 

ditto. 

* fhining  black,  bulky,  very  foft. 

fine  black,  moderately  firm. 

velvet  black,  bulky,  loofe  and  foft* 

fhining  black,  fpungy,  firm. 

velvet-black,  bulky,  firm. 

tinged  with  brown,  bulky,  moderately 

firm* 

buftion  of  oily  or  refinous  fubftances,  and  is 
known  in  commerce  by  the  general  name  of 
Lamp-black 

Lamp-black  is  prepared  in  large  quantities  by 
the  turpentine  manufadturers  from  the  impure 
refin  that  remains  after  the  diflillation  of  oil  of 
turpentine,  and  other  refufe  matters  of  the  fame 
kind.  Thefe  are  burnt  in  iron  pots,  or  in  a fur- 
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nace  appropriated  for  the  purpofe,  and  the  denfe 
fmoak  arifing  from  the  combuftion  is  introduced 
into  chambers  hung  with  facking,  upon  the  fur- 
face  of  which  the  foot  or  lamp-black  is  depofited, 
and  whence  it  is  fwept  off  from  time  to  time 
and  fold,  without  any  further  preparation.  Com- 
mon lamp-black  is  not  indeed  pure  charcoal, 
being  mingled  with  fome  empyreumatic  acid 
and  a portion  of  refin  in  a ftate  of  imperfedl 
decompofition,  but  after  it  has  been  heated  to 
rednefs  in  a clofe  veffel,  all  thefe  impurities  are 
driven  off,  and  there  remains  behind  a charcoal 
in  a ftate  of  almoft  perfect  purity,  as  it  burns 
away  with  hardly  any  perceptible  refidue. 

Charcoal  is  an  excellent  condudtor  of  elec- 
tricity and  Galvanifm,  but  tranfmits  caloric  with 
very  great  difficulty : a very  fihort  piece  may  be 
held  by  one  end  while  it  is  heated  red  at  the 
other,  without  conveying  any  notable  warmth 
to  the  hand. 

The  combined  action  of  air  and  moifture  at 
the  ufual  temperature  upon  this  fubftance  can 
fcarcely  be  perceived,  hence  the  advantage  of 
charring  the  furface  of  ftakes  and  piles  that  are 
driven  into  moift  ground,  it  being  found  by  long 
experience  that  thefe  are  much  more  flowly 
rotted  than  the  foundeft  timber  deprived  of  this 
covering. 

Charcoal  is  infufible  by  the  greateft  heat  that 
can  be  applied.  When  expofed  to  a high  tem- 
perature in  dry  and  perfectly  clofe  veffels,  it 
Jofes  little  or  nothing  of  its  weight,  but  fhrinks 
in  fize  and  becomes  proportionably  harder, 
ffenfer,  more  compact,  and  of  a very  deep  velvet 
black  colour.  But  although  charcoal  is  thus 
unalterable  by  heat  when  the  air  is  excluded, 
yet  when  made  red  hot  and  expofed  to  the  air, 
it  readily  undergoes  combuftion,  and  by  uniting 
with  oxygen  is  converted  into  a heavy  gafeous 
acid,  formerly  called  fixed,  air , but  in  the  re- 
formed nomenclature  known  by  the  name  of 
Carbonic  acid. 

Pure  oxygen  gas  produces,  as  might  be  ex- 
pedited, a much  more  rapid  effedt  on  charcoal 
than  atmofpheric  air  does ; a piece  heated  at 
one  end  to  the  loweft  ftate  of  rednefs,  and 
plunged  in  this  gas,  immediately  burns  with  an 
intenfely  white  glow,  unaccompanied  by  flame, 
and  is  fpeedily  changed  into  carbonic  acid. 
Twenty-eight  parts  of  charcoal  and  feventy-two 
of  oxygen,  according  to  the  experiments  of 
Lavoifier,  form  ioo  of  carbonic  acid. 

Water  is  very  obftinately  retained  by  char- 
coal, partly  on  account  of  its  porous  texture, 
and  in  part  probably  on  account  of  a ftrong  mu- 


tual affinity,  but  no  folution  of  one  in  the  other 
takes  place  even  at  a boiling  heat : when  how- 
ever charcoal  is  red  hot,  or  nearly  fo,  it  decom- 
pofes  any  water  with  which  it  may  happen  to 
be  in  contaft,  and  unites  with  both  the  elements 
of  this  fubftance,  producing  with  the  oxygenous 
bafe,  according  as  this  is  added  to  faturation 
or  not,  carbonic  acid  and  gafeous  oxyd  cf  car- 
bon-, and  with  the  hydrogenous  bafe  a heavy 
inflammable  air,  Carburetted  Hydrogen. 
Common  charcoal  always  contains  more  or  lefs 
of  moifture,  and  it  is  to  the  decompofition  of 
this  and  the  formation  of  the  above-mentioned 
gaffes,  that  the  blue  flame  is  to  be  attributed 
which  makes  its  appearance  when  charcoal  is 
calcined  in  a clofe  crucible  ; the  ceffation  of  the 
flame  being  a proof  that  nearly  all  the  moifture 
is  expelled. 

Various  gaffes  feem  to  be  abforbed  with  An- 
gular facility  by  charcoal.  This  fadt  had  been 
obferved  by  Fontana, Prieftley,  Scheele,  Morveau, 
and  Morozzo,  but  it  is  to  the  Dutch  chemifts 
Rouppe  and  Van  Noorden  that  we  are  indebted 
for  a moft  interefting  feries  of  new  and  accurate 
experiments  on  this  interefting  fubjedf.  It  is 
abi'olutely  neceffary  that  the  charcoal  made  ufe 
of  in  thefe  refearches  ffiould  be  entirely  free 
from  air  and  water,  and  two  methods  have  been 
adopted  fuccefsfully  to  fecure  this  point.  The 
one  is  to  heat  a piece  of  charcoal  till  it  is  incan- 
defcent,  and  then  to  remove  it  from  the  fire  as 
quickly  as  poffible,  and  extinguiffi  it  in  mercury 
previoufly  dried,  taking  care  to  keep  it  in  this 
fituation  for  an  hour  or  more,  that  it  may  be 
compleatly  cooled.  The  gas  to  be  operated  upon 
is  then  to  be  introduced  into  a glafs  jar  over 
mercury,  and  the  charcoal  being  ftill  covered 
by  the  mercury  is  brought  beneath  the  mouth 
of  the  inverted  jar,  into  which  on  being  let  go 
it  immediately  rifes,  and  thus  comes  in  contadb 
with  the  gas.  The  fecond  method  differs  from 
the  firft  merely  in  the  manner  of  extinguifhing 
the  charcoal,  by  inclofing  it  while  hot  in  an  air 
tight  copper  box.  This  latter  mode  was  that 
chiefly  employed  by  Meffrs.  Rouppe  and  Van 
Noorden.  d Thefe  philofophers  found  that  one 
part  of  charcoal  abforbed  in  four  or  five  hours 
three  times  its  bulk  of  atmofpheric  air ; that 
oxygen  gas  was  abforbed,  at  firft  rapidly  and 
then  more  flowly,  in  the  ratio  of  2.8  times  its 
bulk ; azot  was  taken  up  only  in  the  proportion 
of  1.6,  and  hydrogen  of  1 .8,  but  in  both  thefe 
cafes  the  abforption  was  inftantaneous.  Of 
nitrous  gas  8.5  parts  were  flowly,  and  of  car- 
bonic acid  14.3  parts  were  very  rapidly  abforbed. 
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The  gaffes  thus  taken  up  underwent  no  change 
-except  of  form ; the  refidues  were  unaltered, 
and  the  pieces  of  charcoal  gave  out  the  whole 
of  the  refpeclive  gaffes  with  which  they  had 
been  faturated  on  expofure  to  the  heat  of  boiling 
\vater.  The  abforptions  were  effe£led  at  a tem- 
perature between  48°  and  64°  Fahr.  and  from 
repeated  experiments  it  appeared  that  in  a greater 
degree  of  cold  a larger  proportion  of  the  gaffes 
would  have  been  taken  up.  If  charcoal  fatu- 
rated with  hydrogen  in  the  manner  above  men- 
tioned is  introduced  into  oxygen  gas,  or  even 
atmofpheric  air,  a confiderable  abforption  of  the 
oxygen  takes  place  and  combines  with  the  hy- 
drogen, forming  water  : at  the  fame  time  a quan- 
tity of  caloric  is  given  out  fufficient  to  raife  the 
thermometer  from  520  to  ioo°.  The  refult  is 
the  fame  if  the  experiment  is  inverted,  that  is 
if  charcoal  charged  with  oxygen  is  introduced 
into  hydrogen  gas.  Charcoal  faturated  with 
hydrogen  is  capable  even  of  decompofing  nitrous 
gas,  abforbing  the  whole  of  its  oxygen  and  leav- 
ing behind  only  azotic  gas.  Charcoal  faturated 
with  azot.  decompofes  atmofpheric  air,  abforbing 
the  whole  of  its  oxygen,  but  has  no  a£lion  on 
hydrogen. 

Charcoal  is  capable  of  entering  into  perma- 
nent combination  with  feveral  combuftible  bo- 
dies. Its  union  with  hydrogen  will  be  treated 
of  under  the  article  Carburetted  Hydrogen. 

The  difcovery  of  carburetted  fulphur  is  due 
to  Clement  and  Deformes,'  and  is  thus  prepared. 
Fill  an  earthen- ware  tube  with  fmall  pieces  and 
powder  of  newly  burnt  charcoal,  fix  it  in  a 
llanting  diredlion  in  a furnace,  and  lute  to  the 
lower  end  a glafs  tube  dipping  into  fome  water 
contained  in  a receiver.  Fallen  a glafs  tube  alfo 
to  the  upper  extremity  of  the  earthen  pipe,  and 
fill  it  with  Ihort  cylindrical  pieces  of  fulphur, 
and  fit  a cork  to  the  open  end  of  the  glafs  tube 
with  a movable  wire  paffing  through  its  centre, 
by  which  the  pieces  of  fulphur  may  be  pulhed 
at  pleafure  towards  the  earthen  pipe.  The  ap- 
paratus being  completed,  light  the  furnace  and 
heat  the  pipe  very  gradually : the  gas  contained 
in  the  charcoal  will  foon  be  given  out,  and  as 
foon  as  it  ceafes  caufe  the  fulphur  by  means  of 
the  wire  to  approach  the  heated  part  of  the 
apparatus.  Allow  it  to  remain  at  fuch  a dif- 
tance  that  it  may  melt  as  fiowly  as  polfible  and 
trickle  down  among  the  charcoal,  for  if  fuddenly 
heated  it  will  become  pally  and  materially  im- 
pede the  fuccefs  of  the  experiment.  If  thefe 
precautions  are  duly  obferved,  a yellowilh  oily 
liquid  will  foon  be  obferved  in  the  terminating 
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glafs  tube,  which  will  drop  into  the  water  of 
the  receiver  and  collect  at  the  bottom  of  the 
veffel,  without  at  all  uniting  with  the  fuper- 
natant  fluid.  The  carburet  of  fulphur  thus  ob- 
tained is  a tranfparent  liquid,  colourlefs  when 
pure,  but  generally  of  a yellowifh  green  tinge, 
and  of  a difagreeable  flightly  pungent  odour, 
differing  entirely  however  from  that  of  fulphur- 
etted  hydrogen.  Very  pure  carburetted  fulphur 
may  alfo  be  procured  by  diltilling  together  at  a 
high  heat  the  fulphurets  of  antimony  or  mercury 
with  charcoal ; but  the  fame  procefs  was  tried 
ineffe£lually  with  iron  and  copper  pyrites.  The 
fpecific  gravity  of  carburetted  fulphur,  though 
liable  to  fome  variations,  may  be  Hated  at  1.3. 
It  evaporates  in  the  air  with  nearly  the  fame 
rapidity  as  ether,  and  like  this  fluid  finks  the 
thermometer  during  the  procefs  in  a moll  re- 
markable degree.  If  a bell  glafs  full  of  water 
is  inverted  in  a bafon,  and  a little  of  this  liquid 
is  introduced,  and  the  whole  is  then  placed 
within  the  receiver  of  an  air-pump,  as  foon  as 
the  atmofpheric  preffure  is  reduced  to  about  9 
inches  of  mercury,  the  carburet  of  fulphur  will 
begin  to  affume  the  gafeous  Hate,  will  rife  in 
large  bubbles  to  the  top  of  the  bell  glafs,  with- 
out mixing  with  the  water,  which  it  will  expel, 
and  will  again  be  reduced  inllantaneoufly  and 
totally  to  the  liquid  Hate  upon  relloring  the 
atmofpheric  preffure.  Upon  the  application  of 
flame,  carburetted  fulphur  takes  fire  and  burns 
like  other  inflammable  liquors,  it  gives  out  a 
fulphureous  odour  and  depofits  both  fulphur  and 
charcoal.  When  kept  in  a clofed  veffel  along 
with  atmofpheric  or  azotic  gaffes,  it  is  diffolved 
by  them  in  fmall  proportion,  and  renders  them 
inflammable.  It  combines  with  nitrous  gas,  and 
the  mixture  burns  with  uncommon  brilliancy, 
like  zinc.  It  is  taken  up  alfo  by  oxygen  gas, 
and  produces  a detonating  compound  that  ex- 
plodes with  prodigioufly  greater  violence  than 
the  mixture  of  oxygen  and  hydrogen,  fo  as  to 
make  it  a highly  dangerous  experiment  when 
performed  even  with  comparatively  fmall  quan- 
tities. When  in  the  ftate  of  vapour  it  combines 
flowly  with  the  cauftic  fixed  alkalies,  forming 
deep  amber-coloured  folutions.  It  unites  with 
phofphorus,  without  however  modifying  its  in- 
flammability : it  takes  up  by  digeftion  a little 
fulphur,  but  has  no  adlion  on  charcoal.  By 
alcohol  it  is  reduced  to  a foft  pally  confluence. 
It  diffolves  in  cold  olive  oil  very  eafily,  depofits 
a little  charcoal,  and  then  affumes  a cryllalline 
form : the  fame  effect  happens  when  ether  is 
fubllituted  for  oil. 
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Carbon  is  faid  by  Prouft  to  be  capable  of 
uniting  with  phofphorus,  but  this  from  an  ex- 
periment of  Clement  and  Deformes f appears  to 
be  a miftake. 

Two  of  the  metals  are  known  to  unite  with 
charcoal:  when  in  combination  with  Iron  it 
forms  feel , and  with  Copper  it  forms  a peculiar 
fubftance,  firft  noticed  by  Dr.  Prieltley,  and 
named  by  him  charcoal  of  copper. 

The  a£tion  of  the  alkalies  upon  charcoal  has 
not  yet  been  examined  into  with  any  accuracy. 
Cauftic  potafh  when  digefted  for  fome  time 
upon  charcoal  becomes  partly  carbonated,  but 
the  carbonic  acid  thus  produced  is  in  all  proba- 
bility to  be  attributed  to  the  decompofition  of  a 
portion  of  water. 

The  undecompofable  acids  appear  to  have  no 
action  on  charcoal;  but  the  decompofable  ones 
are  deprived  by  it  of  their  oxygen  either  in 
whole  or  in  part,  and  the  charcoal  is  converted 
into  carbonic  acid.  Thus  fulphuric  acid  by  being 
pafled  through  red-hot  charcoal  furnifhes  ful- 
phur,  fulphureous  acid  and  carbonic  acid.  Nitric 
acid  yields  nitrous  gas  and  carbonic  acid;  phof- 
phorie  acid  yields  phofphorus  and  carbonic  acid. 
If  charcoal  highly  dried  and  finely  pulverized  is 
ihaken  into  oxymuriatic  acid  gas,  it  becomes  im- 
mediately red  hot,  and  falls  as  a fhower  of  fire 
to  the  bottom  of  the  veflel. 

No  affinity  has  been  indicated  between  char- 
coal and  any  of  the  earths. 

Of  the  neutral  and  earthy  falts  thofe  with 
■decompofable  acids  are  flrikingly  altered  by  the 
addion  of  charcoal  at  a red  heat ; the  others 
fuffer  no  material  change.  It  is  worthy  of  no- 
tice, that  the  decompofition  which  the  acids 
undergo  in  thefe  circumftances  is  much  more 
compleat,  owing  to  their  fixity,  than  when  they 
are  iubjedded  alone  to  the  addion  of  charcoal. 
Thus  the  fulphats  are  changed  not  into  fulphites 
but  into  fulphurets,  and  the  nitrats  give  out  not 
nitrous  gas,  but  azot.  It  is  remarkable  however 
that  phofphat  of  lime  is  undecompofable  by 
charcoal.  The  metallic  falts  are  all  of  them 
decompoled  by  charcoal  at  a greater  or  lefs  de- 
gree of  heat  in  confequence  of  the  metallic  bafe 
being  deoxygenated,  independently  of  the  addion 
of  this  fubftance  on  their  acids.  Some  of  the 
moft  eafily  decompofable  falts,  as  muriat  of  gold 
and  nitrat  of  filver,  when  perfeddly  faturated 
may  be  decompofed  in  the  moift  way  at  a boil- 
ing heat,  or  by  help  of  the  folar  light  at  the 
ufual  temperature  by  means  of  charcoal,  the 
metal  being  depofited  on  the  furface  of  the 
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charcoal  with  all  its  charadderiftic  brilliancy  and 
colour. 

The  effedds  of  charcoal  in  clarification  are 
both  curious  and  important.  They  were  firft 
noticed  by  M.  Lowitz  of  Peterfburg,  and  have 
been  for  the  moft  part  amply  confirmed  by  fuc- 
ceeding  obfervers.  In  order  to  be  employed 
this  way  with  the  greateft  fuccefs,  it  is  efiential 
that  the  charcoal  fliould  be  finely  pulverized  and 
very  dry.  For  this  purpofe  let  fome  well-burnt 
common  charcoal  be  rubbed  in  a mortar  (with 
a few  drops  of  water  to  prevent  the  duft  from 
flying  about)  and  afterwards  pafled  through  a 
fine  fieve  : fill  a crucible  with  this  powder,  and 
lute  on  a pierced  cover.  When  the  veflel  be- 
gins to  be  red  hot  a light  blue  flame  will  iflue 
from  the  hole  in  the  cover : the  heat  is  to  be 
continued,  gradually  increafing  it  for  a few 
minutes  after  the  flame  has  ceafed : being  then 
withdrawn  from  the  fire,  and  placed  in  a dry 
fituation  till  it  is  fufficiently  cool  to  be  handled, 
it  muft  be  quickly  opened,  and  its  contents 
transferred  without  lofs  of  time  into  a perfeddly 
dry  well  Hopped  bottle,  in  which  the  charcoal 
may  be  kept  for  any  length  of  time  without  in- 
jury. The  properties  of  this  powder  are  very 
ftriking.  Being  mixed  with  common  vinegar, 
or  any  kind  of  wine,  a thick  froth  rifes  to  the 
furface,  and  the  liquors  after  filtration  are  found 
to  be  quite  clear  and  entirely  colourlefs.  The 
filthieft  and  moft  putrid  ditch  water  is  in  like 
manner  rendered  perfectly  limpid,  inodorous, 
and  infipid,  and  rancid  oils  are  deprived  of  their 
finell  and  tafte  by  repeated  filtration  through  a 
ftratum  of  this  prepared  charcoal.  Hence  alfo 
its  peculiar  efficacy  as  a dentrifice,  its  particles 
are  fufficiently  hard  to  remove  the  concretions 
from  the  teeth  without  injuring  the  enamel, 
while  it  neutralizes  and  entirely  deftroys  the 
foetor  with  which  the  breath  is  not  unfrequently 
tainted  from  a carious  tooth. 

The  affinity  of  charcoal  for  oxygen  is  fo  con- 
fiderable,  that  inftances  have  been  known  of  its 
undergoing  fpontaneous  combuftion  by  fimple 
contaS  with  the  air.  An  occurrence  of  this 
kind  took  place  at  the  powder-mills  of  Eflonne 
in  France. s A large  quantity  of  recently  burnt 
charcoal  had  been  ground  in  the  ufual  manner, 
and  was  depofited  in  a large  receptacle  for 
future  ufe  ; fome  days  after,  the  door  of  the 
magazine  being  opened  in  order  to  remove  a 
part  of  the  charcoal,  an  extraordinary  heat  was 
perceived,  and  immediately  a train  of  fire  was 
obferved  fpreading  over  the  furface  of  the  char- 
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coal,  which  was  not  extinguiflied  without  much 
difficulty. 

The  ufes  of  charcoal  are  very  extenfive  and 
important.  Its  greateft  confumption  is  as  an 
article  of  fuel  both  for  domeftic  purpofes  and 
in  the  working  of  metals.  It  is  of  indifpenfable 
neceffity  in  the  laboratory  both  as  a fuel  and 
an  ingredient  in  all  kinds  of  reducing  fluxes. 
It  is  an  eflential  conftituent  part  of  gunpowder, 
and  is  the  bafis  of  almoft  all  black  paints  and 
varnifhes.  It  is  employed  by  mathematical  in- 
ftrument-makers  and  others  in  polifhing  brafs 
and  copper,  and  is  ufed  in  many  cafes  with 
great  advantage  as  a Ample  and  efficacious  clari- 
fier and  purifier. 

CARBONIC  ACID. 

CARBONIC  ACID  GAS.  Fixed  Air.  Aerial 
Acid.  Mephitic  Air.  Kohlenfaure,  Ger.  Acide 
Carboniquet  Fr. 

Carbonic  acid  is  known  to  us  only  in  its 
gafeous  ftate  when  uncombined,  and  it  is  then 
the  fixed  air  of  Cavendifli  and  Prieftley,  the 
aerial  acid  of  Bergman,  the  mephitic  air  of  other 
chemifts.  It  was  the  firft  gas  in  which  acid  pro- 
perties were  clearly  difeovered,  and  many  of  its 
properties  as  a gas  were  known  long  before  its 
exiftence  was  l'ufpefted  in  many  of  the  com- 
pounds of  which  it  forms  a part.  It  is  known 
to  be  an  acid  by  the  united  chara&ers  of  red- 
dening vegetable  blues,  neutralizing  alkalies  and 
alkaline  earths,  and  being  formed  by  the  union 
of  a combuftible  bafe  with  oxygen. 

Its  alkaline,  earthy,  and  metallic  compounds 
are  called  carbonats , and  will  be  deferibed  under 
that  head  ; the  properties  of  carbonic  acid  gas, 
and  carbonic  acid  united  with  water,  belong  to 
the  prefent  article. 

The  fources  of  this  acid  are  immenfe,  and 
widely  diffufed  throughout  the  natural  world. 
The  chief  are  the  following  : 

1.  The  atmofphere  always  contains  a fmall 
portion,  which  feldom  varies  except  in  the  im- 
mediate vicinity  of  places  where  refpiration  and 
combultion  are  going  on  in  the  large  way,  and 
is  about  one  hundredth  part.  Hence  it  is  that 
alkalies  and  lime  lofe  their  caufticity  in  the  open 
air,  by  extradfting  its  fmall  proportion  of  car- 
bonic acid. 

2.  Many  mineral  waters  rife  from  the  earth 
more  or  lefs  ftrongly  impregnated  with  this  acid, 
much  ofwhich  flies  off  in  the  gafeous  form  as  foon 
as  expofed  to  the  atmofphere.  The  brilk  froth- 
ing waters  of  Seltzer  are  examples  of  this  kind. 

3.  Every  procefs  in  which  coal,  wood,  or  any 
ether  carbonaceous  fubftance  is  confumed,  is  one 


which  generates  this  acid  gas;  and  hence  there 
is  no  vegetable  matter  on  the  face  of  the  earth 
which  does  not  give  this  acid  largely  when  burnt. 

4.  The  refpiration  of  animals  refembles  com- 
buftion  in  this  refpeCt,  and  hence  there  is  a 
quantity  of  carbonic  acid  gas  unceafingly  pour- 
ing into  the  atmofphere  from  the  lungs  of  every 
living  animal. 

5 . The  vegetation  of  plants  is,  under  fome  cir- 
cumftances,  a procefs  in  which  carbonic  acid  is 
generated,  but  is  fubjeft  to  more  variations  from 
external  caufes  than  refpiration. 

6.  The  fpontaneous  decompofition  of  veget- 
able and  animal  matter  alfo  generates  carbonic 
acid,  more  efpecially  the  curious  procefs  of 
vinous  fermentation,  from  which  many  of  the 
mod  important  properties  of  this  acid  were  firft 
obferved. 

7.  An  immenfe  ftore  of  this  acid  is  contained 
in  the  natural  carbonats,  more  efpecially  all  the 
varieties  of  lime-ftone,  chalk,  and  calcareous 
ftones,  many  of  which  contain  as  much  as  40 
per  cent,  of  their  weight  of  this  acid. 

Other  fmaller  fources  exift  which  do  not  re- 
quire enumeration. 

Carbonic  acid  gas,  or  fixed  air,  when  pro- 
cured by  modes  to  be  prefently  mentioned,  has 
the  following  properties.  It  is  quite  permanent 
at  any  temperature,  nor  can  it,  without  com- 
bination, be  exhibited  by  cold  or  preffure  in  any 
other  than  a gafeous  form.  It  is  abfolutely 
fatal  to  animal  life,  any  living  creature  immerfea 
in  it  perifhing  in  as  Ihort  a time  as  it  would  by 
abfolute  fuffocation  or  interruption  of  refpira- 
tion. Thus,  fmall  animals,  fuch  as  mice,  drop- 
ped into  a veffel  of  fixed  air  die  almoft  imme- 
diately; dogs  become  convulfed  and  fenfelefs  in 
about  a minute,  but  recover  in  the  open  air  if 
taken  out  very  fpeedily ; men  and  large  animals 
nearly  the  fame,  according  to  their  powers  of 
life ; frogs  and  cold-blooded  animals  who  have 
always  in  their  lungs  a fupply  of  air  for  many 
minutes,  live  in  it  without  much  inconvenience 
till  that  internal  fupply  is  exhaufted,  after  which 
they  perifh.  Fixed  air  is  incapable  of  main- 
taining combuftion  for  a moment.  If  a lighted 
taper  is  let  down  into  a jar  full  of  this  air, 
the  taper  is  extinguifhed  as  foon  it  reaches  the 
level  of  the  gas,  as  completely  as  if  dipped  into 
water.  Even  a fmall  admixture  of  this  air  with 
common  air  prevents  combuftion ; for  Mr. 
Cavendifh  found,  that  a candle  dipped  in  a jar 
holding  only  one-ninth  of  fixed  air  went  out 
immediately.* 

Carbonic  acid  gas  is  the  heavieft  of  all  the 
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known  gaffes  except  the  fulphureous.  Its  weight 
compared  to  that  of  common  air  is  very  nearly 
as  3 to  2 in  all  circumflances,  hence  its  fpecific 
gravity  will  be  about  .001806,  and  the  weight 
ox  a cubic  inch  at  6o°  and  29.5  inches  bar.  will 
be  about  0.456  grains.  On  account  of  its 
heavinefs,  when  generated,  it  falls  rapidly  to  the 
ground,  and  fpreads  laterally  over  the  furface, 
though  after  a time  it  mixes  uniformly  with  the 
atmofphere.  This  is  well  {hewn  at  the  Grotto 
del  Cani,  a cave  in  the  vicinity  of  Vefuvius, 
through  the  floor  of  which  a quantity  of  fixed 
air  is  conftantly  rifing  from  fome  fubterranean 
refervoir.  A man  (landing  upright  in  it  feels  no 
inconvenience  from  the  noxious  gas,  as  it  only 
rifes  to  about  the  height  of  his  knee,  but  if  a 
dog  or  other  fmall  animal  enters,  it  is  prefently 
fuffocated. 

Carbonic  acid  gas  is  procured  for  experiment 
generally  from  limeftone,  chalk,  marble,  or  any 
of  the  carbonats  of  lime,  either  by  heat,  or  more 
commonly  by  any  of  the  ftronger  acids.  The  di- 
luted fulphuric  or  muriatic  are  the  acids  moftly 
employed.  The  latter  is  perhaps  preferable,  as 
the  muriat  of  lime  refulting  from  the  mixture 
remains  difl'clved,  whereas  the  fulphat  of  lime 
from  its  little  folubility  cryftallizes  in  the  mafs, 
and  fomewhat  impedes  the  procefs.  With 
fmall  pieces  of  marble,  and  moderately  ftrong 
muriatic  acid,  a conftant  and  pretty  uniform 
dream  of  gas  is  given  out  till  the  acid  is  fatu- 
rated,  or  the  whole  of  the  marble  diflblved. 
Marble  yields  in  this  way  from  40  to  45  per 
cent,  of  its  weight  of  carbonic  acid  gas,  fo  that 
loo  grains  will  yield  between  90  and  100  cubic 
inches.  The  difengagement  of  carbonic  acid 
from  any  of  the  carbonats,  whether  alkaline, 
earthy,  or  metallic,  is  accompanied  by  a froth- 
ing or  effervefcence,  occafioned  by  the  carbonic 
acid  afluming  the  gafeous  form,  or  becoming 
carbonic  acid  gas,  when  detached  from  its  com- 
bination by  the  affinity  of  the  ftronger  acid  to 
the  bafe  of  the  carbonat. 

Heat  is  another  method  of  obtaining  the  car- 
bonic acid  from  the  earthy  carbonats.  Chalk  or 
marble  enclofed  in  an  earthen  retort,  and  ftrongly 
heated,  readily  gives  out  this  gas : carbonat  of 
magnefia  with  ftill  greater  eafe.  The  gas  thus 
procured  when  united  with  water  produces  a lefs 
pungent  liquid  than  that  prepared  by  acids,  fo 
that  probably  the  latter  carries  off"  with  it  a 
fmall  portion  of  the  acid  ufed,  and  therefore  is 
not  fo  pure. 

All  fubftances  undergoing  the  vinous  fermen- 


tation alfo  give  a copious  fupply  of  this  gas,, 
which  from  its  weight  long  remains  hovering 
over  the  furface  of  the  fermenting  mafs.  There- 
fore fubftances  placed  in  the  vats  of  a brew- 
boufe  juft  over  die  fermenting  liquor,  are  there- 
by kept  immerfed  in  an  atmofphere  of  Carbonic 
acid  gas,  which  however  is  not  quite  pure,  be- 
ing mixed  with  a fenfible  quantity  of  alcohol. 
See  Fermentation. 

Carbonic  acid  gas  is  readily  abforbed  by  water, 
and  this  combination  is  found  in  a very  high  de- 
gree in  feveral  of  the  moft  efteemed  Mineral 
Waters.  Carbonated  water,  when  the  pro- 
portion of  carbonic  acid  is  confiderable,  has  a 
very  agreeable,  brftk,  pungent  tafte  and  fmell,, 
bubbles  and  froths  ftrongly  when  expofed  to  the 
air,  particularly  when  gently  heated  ; and  it  is 
in  this  combination  that  the  acid  properties  of 
carbonic  acid  are  the  moft  fenfible,  but  when 
nearly  at  the  freezing  point  the  peculiar  tafte 
is  hardly  perceptible,  though  cold  water  will 
abforb  more  of  the  gas  than  warm.5  This  na- 
tural combination  may  be  very  well  imitated  by 
art,  and  fince  the  firft  experiments  of  Bergman,. 
Prieftley,  and  Cavendifh,  many  very  ingenious 
contrivances  have  been  invented  to  effe£l  this 
combination  in  very  large  proportions  ; as  the 
carbonated  water  in  various  modifications,  has 
become  a very  fafhionable  and  falutary  article 
for  diet  and  medicine. 

The  abfcrption  of  carbonic  acid  gas  by  water 
is  (hewn  in  the  fimpleft  manner  by  the  follow- 
ing experiment : fill  a phial  quite  full  of  cold 
water,  invert  it  over  a cupful  of  the  fame,  and 
throw  up  a quantity  of  the  gas  from  a bottle 
with  a curved  tube,  in  which  marble  duft  and 
muriatic  or  fulphuric  acid  have  been  put.  As 
the  gas  rifes  into  the  inverted  bottle  the  water 
is  proportionally  difplaced,  and  when  about  half 
full  of  gas,  ftop  the  phial  ftrongly  with  the 
finger,  and  {hake  together  violently  the  gas  and 
the  water.  A ftrong  abforption  will  immedi- 
ately be  felt  by  the  external  preffure  on  the 
finger,  and  the  water  will  be  found  fenfibly  to 
tafte  of  cai'bonic  acid. 

Agitation  therefore  is  one  method  of  aflifting 
the  abforption,  and  ftrong  preflure  is  another 
equally  powerful.  Thefe  are  combined  in  a 
high  degree  in  the  forcing-pump  apparatus  ufed 
for  preparing  artificial  mineral  waters  in  the 
large  way.  The  temperature  alfo  of  the  water 
much  affe£ls  its  abforbing  power ; for  Mr. 
Cavendiftr  early  in  the  enquiry  found  that  cold, 
water  abforbs  much  more  than  warm. 
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Water  at  about  50°  may  by  common  means 
be  made  to  take  up  nearly  its  own  bulk  of  fixed 
air,  but  in  the  large  way  with  a ftrcng  forcing 
pump  three  times  as  much  may  be  thrown  in. 
Water  thus  highly  carbonated  mull  be  inclofed 
in  ftrong  bottles  corked  with  particular  precau- 
tions, and  when  the  cork  is  drawn,  the  liquor 
froths  and  flies  out  like  very  briflc  cyder. 

Mr.  W.  Henry  in  his  valuable  experiments  on 
the  abforption  of  gafies  by  water, c has  fliewn 
that  the  quantity  of  carbonic  acid  abforbed  un- 
der equal  circumftances  of  temperature,  prefliire, 
and  agitation,  is  alfo  much  regulated  by  the 
actual  quantity  of  gas  ufed,  and  by  its  purity, 
or  in  other  words  its  proportion  to  the  refidual 
atmoipherical  air  contained  in  the  veffels  and  in 
the  water  before  the  experiment,  which  no  boil- 
ing nor  expofure  in  an  exhaufted  receiver  can 
entirely  feparate.  Thus,  if  20  meafurcs  of  nearly 
pure  carbonic  acid  gas  be  agitated  with  10  mea- 
fures  of  water  at  550,  full  10  meafures  of  the 
gas  (or  equal  in  bulk  to  the  water)  are  abforbed  r 
but  if  the  fame  quantity  of  water  at  550  be  agi- 
tated with  a mixture  of  20  meafures  of  car- 
bonic acid,  and  10  of  common  air,  only  6 mea- 
fures will  be  taken  up  by  the  water.  This  is 
fomewhat  analagous  to  the  obfervation  of  Dr. 
Brownrigg,  that  in  carbonated  water,  however 
faturated,  the  gas  will  not  efcape  when  inclofed 
in  an  air-tight  veffel,  with  an  empty  and  collapfed 
bladder  communicating  with  it,  though  when 
expofed  to  air  the  gas  flies  off  readily.  The  dimi- 
nution of  abforption  in  increafed  temperatures, 
Mr.  Henry  eftimates  to  be  about  TV  of  the  whole, 
for  every  10  degrees  above  550.  With  regard 
to  the  effect  of  preffure,  Mr.  H.  deduces  from 
experiments,  the  general  law,  that  “ under  equal 
“ circumftances  of  temperature,  water  takes  up 
**  in  all  cafes  the  fame  volume  of  condenfed  gas, 
**  as  of  gas  under  ordinary  preffure.”  There- 
fore as  the  volume  of  all  aeriform  bodies  is  al- 
ways inverfely  as  the  comprefling  force,  the 
quantity  of  gas  abforbed  is  dire£tly  as  the  pref- 
fure to  which  it  is  expofed ; as,  for  example,  if 
the  common  atmofpherical  preffure,  or  that  of 
about  30  inches  of  mercury,  will  caufe  the  ab- 
forption of  carbonic  acid  equal  in  bulk  to  the 
water,  a preffure  of  two  atmofpheres  muft  caufe 
a double  quantity  to  be  abforbed. 

The  fpecific  gravity  of  carbonated  water  con- 
taining its  own  bulk  of  carbonic  acid,  is  about 
1.0015.  d ^ muft  be  taken  in  a low  tempera- 
ture, otherwife  the  perpetual  efcape  of  the  gas 
would  defeat  the  accuracy  of  the  experiment. 

* Phil.Tranf.  for  1803. 


By  freezing,  the  water  parts  with  the  whole  of 
its  carbonic  acid,  juft  before  it  folidifies. 

Water  readily  parts  with  its  carbonic  acid 
by  being  heated,  and  in  this  way  it  is  collected 
in  the  analyfis  of  the  carbonated  mineral  waters. 
To  expel  the  whole  it  is  requifite  to  boil  the 
water  for  ten  or  fifteen  minutes. 

The  fingle  teft  of  the  acidity  of  carbonic  acid 
by  the  change  of  vegetable  colours,  takes  place 
with  the  infufion  of  litmus,  when  added  to  car- 
bonated water.  When  the  water  contains  as 
much  as  T'T  of  its  bulk  of  this  acid  gas,  it 
changes  the  blue  of  litmus  to  a red.  e This  is 
moft  conveniently  fhewn  by  diluting  the  litmus 
infufion  till  it  is  of  a very  faint  blue,  putting 
fome  of  it  into  a glafs  tube,  and  adding  about 
as  much  of  the  carbonated  water.  If  this  is 
compared  with  an  equal  quantity  of  litmus  liquor 
mixed  with  as  much  plain  water  in  a fimilar 
tube,  the  difference  of  colour  will  be  very  appa- 
rent. To  ftiew  that  the  rednefs  is  produced  by 
the  carbonic,  and  no  other  acid,  let  another 
portion  be  mixed  with  the  carbonated  water, 
previoufly  boiled  a few  minutes  to  expel  the  acid 
gas,  and  no  change  of  colour  will  now  appear. 

Lime-water  is  a much  more  delicate  teft  of 
carbonic  acid,  either  in  its  gafeous  ftate  or  united 
with  water,  or  even  in  combination  with  an 
alkali.  In  all  thefe  cafes,  whenever  lime-water 
comes  in  conta£l  with  carbonic  acid,  the  lime 
eagerly  abforbs  it,  and  becoming  thereby  infolu- 
ble  in  mere  water,  it  falls  down  in  the  form  of 
a fine  white  precipitate,  rendering  the  water 
milky,  as  when  chalk  is  diffufed  in  water.  A 
very  fmall  portion  of  carbonic  acid  will  produce 
this  effedf,  and  hence  it  is  that  lime-water  be- 
comes cloudy  and  colle&s  a white  pellicle  on 
the  furface  by  mere  expofure  to  air,  the  atmof- 
phere  containing  on  an  average  about  one  per 
cent,  of  carbonic  acid.  It  is  alfo  very  well  fhewn 
by  blowing  air  from  the  mouth  through  any 
fmall  pipe  dipping  in  a glafs  of  lime-water.  The 
breath  contains  about  5 or  6 per  cent,  of  car- 
bonic acid,  which  prefently  renders  the  lime- 
water  entirely  turbid.  When  the  acid  is  in 
folution  the  power  of  this  teft  is  equally  great,, 
difcovering  immediately,  according  to  Bergman, 
about  one  cubic  inch  of  the  gas  in  7000  grains 
of  water,  being  tt^o  o of  the  whole.  It  fhould 
be  obferved  however  in  ufing  this  teft,  that  an 
excefs  of  carbonic  acid  rediflolves  die  firft  pre- 
cipitate of  carbonat  of  lime,  fo  that  there  fhould 
always  be  an  excefs  of  lime-water  to  engage  all. 
the  carbonic  acid  it  meets  with.  Thus  if  a very 

Bergman.  • Ibid. 
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Strong  carbonated  water  and  lime-water  be  mixed 
together  at  intervals,  the  mixture  will  become 
turbid  by  the  firll  portion  of  carbonated  water, 
then  by  more  of  the  lame  it  will  become  quite 
tranlparent ; then,  a frefli  portion  of  lime-water 
will  again  make  it  turbid  ^ an  excefs  of  carbon- 
ated water  will  again  rediflolve  the  precipitate 
and  make  the  liquor  clear,  and  fo  on  alternately. 

Barytic-water  and  Strontian-water  are  equally 
good  tefts  with  lime-water,  and  the  two  folutions 
holding  more  of  the  refpeclive  earths,  they  are 
more  active  in  their  operation. 

When  carbonic  acid  gas  is  contained  in  any 
gafeous  mixture,  it  is  detected  and  readily  ab- 
sorbed by  the  above-mentioned  tefts,  and  the 
lofs  which  the  whole  gas  experiences  on  being 
fhaken  with  the  teft,  indicates  the  quantity  of 
carbonic  acid  contained.  A folution  of  cauftic 
or  femi-cauftic  fixed  alkali  is  a (till  better  fub- 
ftance  to  abforb  the  carbonic  acid  gas,  as  it  may 
be  made  fo  ftrong  that  a very  fmall  quantity  of 
alkali  will  take  up  a large  portion  of  the  gas,  and 
the  full  effect  is  immediately  produced.  With 
the  alkali  there  is  no  cloudinefs  or  precipitate 
produced,  fo  that  the  abforption  is  the  only  teft 
of  the  prefence  of  the  acid  gas. 

It  required  the  united  efforts  of  many  of  the 
molt  eminent  chemifts  to  prove  that  the  fame 
fubftance  which  exifts  in  a folid  form  in  the 
hardeft  lime-ftones,  which  gives  the  brifk  tafte 
and  fparkling  appearance  to  mineral  waters, 
which  is  entangled  in  the  froth  of  fermenting 
liquids,  which  is  generated  in  the  lungs  of  all 
living  animals  by  refpiration,  and  which  per- 
forms a moll  important  office  in  the  functions 
of  vegetable  life,  is  tihe  fame  that  refults  from 
the  combuftion  of  charcoal  and  all  carbonaceous 
matters,  and  therefore,  according  to  the  univer- 
fally  received  theory  of  combuftion,  is  compofed 
of  charcoal,  the  inflammable  bafis,  united  to  a 
portion  of  oxygen  fufficient  to  give  it  the  pro- 
perties of  an  acid.  The  full  difeovery  and  proof 
of  this  laft  is  due  to  Lavoifier,  and  from 
this  elementary  experiment  he  was  able  to  de- 
duce the  exadt  compofition  of  carbonic  acid  and 
the  proportion  of  its  conftituent  parts. 

For  this  purpofe  he  introduced  fome  well- 
burnt  charcoal  into  a large  bett-glafs  filled  with 
oxygen  gas,  -having  previoufly  kindled  a minute 
piece  of  tinder  with  an  atom  of  phofphorus  ad- 
hering to  it  and  in  contadl  with  the  charcoal. 
As  foon  >as  the  charcoal  took  fire,  it  began  to 
burn  in  the  gas  with  a very  bright  flame,  throw- 
ing brilliant  fparks  in  every  diredlion.  The  com- 
.buftion  flopped  long  before  the  whole  of  the 


oxygen  was  confumed,  owing  to  the  carbonic 
acid  generated,  and  mixing  with  it-,  and  hence 
too  there  was  very  little  diminution  of  the  entire 
quantity  of  gas,  as  takes  place  in  the  combuftion 
of  phofphorus,  and  many  other  bodies  where  the 
product  is  folid  or  liquid.  When  all  was  cold, 
the  carbonic  acid  was  fubtradted  from  the  re- 
fidue  by  means  of  cauftic  alkali,  the  weight  of 
which  acid  was  very  exadtly  equal  to  the  united 
weights  of  the  charcoal  and  the  oxygen  con- 
fumed,  and  by  computing  the  proportions  of  the 
two,  it  was  found  that  carbonic  acid  is  compofed 
of  about  28  of  charcoal  and  72  of  oxygen.  Sub- 
fequent  experiments  by  different  chemifts  agree 
very  nearly  in  the  above  proportions.  Thol'e 
of  Clement  and  Deformes, f made  with  picked 
charcoal  heated  ftrongly  for  an  hour  in  a co- 
vered crucible,  and  therefore  in  the  pureft  pof- 
fible  ftate,  give  28.6  of  charcoal  to  71.4  of  oxy- 
gen. No  tinder  nor  phofphorus  were  ufed  to 
kindle  it,  for  when  any  portion  of  the  charcoal 
is  heated  red-hot  in  the  air,  the  inftant  the  oxy- 
gen gas  reaches  it,  the  combuftion  becomes  bril- 
liant, fparkling,  and  rapid. 

Carbonic  acid  is  alfo  produced  by  dire£t  com- 
bination of  carbon  and  oxygen  when  charcoal  is 
diftilled  with  the  red  oxyd  of  mercury  ; s which 
metallic  fubftance  diftilled  without  addition,  is 
known  to  yield  a very  large  quantity  of  oxygen 
gas- 

Carbonic  acid  is  at  its  higheft  ftate  of  oxy- 
genation, and  in  any  lower  ftate  it  lofes  its  acid 
properties.  It  is  capable  of  decompofition  either 
wholly  or  partially,  furnifhing  many  very  curious 
experiments  in  each  procefs. 

Phofphorus  is  the  only  fubftance  by  which 
the  carbonic  acid  has  ever  been  compleatly  dc- 
compofed  by  compound  affinity,  and  its  bafe 
left  in  the  ftate  of  charcoal.  This  difeovery  is 
due  to  Mr.  Tennant,  h and  was  followed  by  other 
valuable  experiments  by  Dr.  Pearfon. 

From  the  well  known  fa£  that  the  phofphoric 
acid  cannot  be  decompofed  by  charcoal  when 
united  with  lime  (phofphat  of  lime  not  yielding 
phofphorus  by  diftillation  with  charcoal)  Mr. 
Tennant  inferred  that  the  united  adfions  of  phof- 
phorus and  lime  would  be  fufficient  to  decom- 
pofe  the  carbonic  acid,  and  therefore  that  when 
carbonat  of  lime  was  heated  with  phofphorus, 
the  latter  would  abforb  oxygen  from  the  car- 
bonic acid,  and  be  acidified  at  its  expenfe.  He 
accordingly  put  a little  phofphorus  into  a glafs 
tube,  clofed  at  one  end  and  coated  with  fand 
and  clay,  and  over  the  phofphorus  fome  pow- 
dered marble.  The  other  end  of  the  tybe  was 
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then  clofecl  up,  leaving  only  a very  fmall  open- 
ing for  the  heated  air  to  efcape.  After  heating 
the  tube  red  hot  for  a few  minutes  it  was  re- 
moved from  the  fire,  and  when  cold,  was  broken. 
It  contained  a black  powder,  confiding  of  char- 
coal mixed  with  a compound  of  phofphat  of 
hme  or  lime  united  with  phofphoric  acid,  and  of 
phofphuret  of  lime  or  lime  with  phofphorus. 
The  phofphat  of  lime,  and  the  lime  of  the  phof- 
phuret were  feparated  from  the  charcoal  by 
folution  in  an  acid  and  filtration,  the  remaining 
phofphorus  was  expelled  by  fublimation  in  a 
clofe  vefl'el,  and  thus  the  charcoal  was  left  pure. 
This  in  no  way  differed  from  common  charcoal 
of  wood,  deflagrating  with  nitre,  and  yield- 
ing carbonic  acid  by  the  combuftion.  In  the 
above  experiment  therefore  a part  of  the  phof- 
phorus  is  oxygenated  at  the  expence  of  the  car- 
bonic acid,  and  the  decompofition  of  the  latter 
appears  to  be  effe£led  by  complicated  affinities, 
namely  by  that  of  a part  of  the  phofphorus  for 
the  oxygen  of  the  carbonic  acid,  of  another  part 
of  the  phofphorus  for  the  lime  of  the  marble, 
and  of  the  phofphoric  acid  (as  foon  as  formed) 
alfo  for  the  lime.  Therefore  the  experiment 
fucceeds  better  if  the  marble  is  firft  flightly  cal- 
cined, that  the  furface  may  afford  cauflic  lime 
for  the  phofphorus  immediately  to  a£t  upon. 
Phofphorus  alone  has  lefs  affinity  for  oxygen 
than  charcoal  has,  otherwife  it  could  not  be  pro- 
duced by  the  Ample  heating  of  a mixture  of 
phofphoric  acid  and  charcoal. 

A fimilar  decompofition  of  carbonic  acid  was 
effe&ed  by  Dr.  Pearfon  with  phofphorus  and 
carbonat  of  foda,  dried  fo  as  to  expel  all  its 
water  of  cryftallization,  but  not  its  carbonic 
acid.  After  heating  red-hot  for  twenty  minutes, 
the  contents  of  the  tube,  which  were  partly 
melted  to  the  glafs,  confiiled  of  fome  undecom- 
pofed  carbonat  of  foda,  of  phofphat  of  foda,  and 
of  a black  powder,  which  when  feparated  and 
analyfed  was  found  by  many  fatisfa&ory  trials 
to  be  pure  charcoal.  The  quantity  of  it  varied 
in  different  experiments  from  32  to  above  40 
grains,  from  200  grains  of  phofphorus  and  800 
of  dry  carbonated  foda  of  the  firft  materials. 

Befides  this  entire  decompofition  of  carbonic 
acid,  a partial  deoxygenation  takes  place  in  a 
great  variety  of  inftances,  and  the  product  is 
that  kind  of  inflammable  gas,  the  nature  of 
which  was  long  unknown  and  confounded 
with  hydrogen  and  with  hydro-earbonat  gas,., 
till  the  late  experiments  of  Mr.  Cruikfhank, 
who  firft  pointed  out  the  true  grounds  of  dif- 
tin&ion,  and  has  demonftrated  the  leading  pro- 


perties of  this  fubftance,  intermediate  between 
carbon  and  carbonic  acid,  to  which  agreeably  to 
the  prefent  fyftem  of  nomenclature,  the  name 
of  Gafeous  Oxyd  of  Carbon , or  Carbonous  Oxyd  has 
very  properly  been  given.  This  will  be  defcribed 
in  the  next  article,  and  to  it  may  be  referred 
many  curious  experiments  on  the  decompofition' 
of  carbonic  acid  by  eledbricity,  performed  by 
Prieftley  and  others. 

Befides  the  fources  of  carbonic  acid  already 
mentioned,  it  is  produced  in  abundance  by  the 
a&ion  of  nitrous  acid  on  charcoal,  and  even  on 
any  fubftance  containing  a carbonous  bafe.  Thus 
Dr.  Prieftley k procured  it  from  alcohol  and 
fuming  nitrous  acid.  Under  the  article  Nitrous 
Acid,  it  will  be  feen  how  far  the  adtion  of  this 
acid  refembles  the  effedts  of  common  combuf- 
tion, and  hence  it  may? generally  be  inferred  that 
wherever  carbonic  acid  would  be  generated  by 
comhuftion,  it  would  alfo  be  produced  by  the 
adrion  of  the  nitrous  acid  on  the  combuftible 
fubftance. 

Many  liquids  abforb  carbonic  acid  with  great 
eafe,  fuch  as  alcohol,  oil,  & c.  but  it  appears  to  be 
retained  by  no  ftronger  adhefion  than  to  water, 
and  to  be  expelled  by  heat  or  other  means,  with- 
out having  produced  any  fenfible  change.  In 
like  manner  it  mixes  readily  with  every  gas,  but 
the  only  perceived  effedl  is  to  render  the  air  lefs 
able  to  maintain  combuftion  (when  at  all  fo) 
and  it  does  not  feem  to  enter  into  any  chemical 
union  with  any  of  the  gaffes.  Ammoniacal  gas 
mull  be  excepted  however,  for  with  this  it  unites 
inftantly,  and  a denfe  white  cloud  arifes  on  mix- 
ture, which  condenfes  into  a folid  carbonat  of 
ammonia. 

The  affinity  of  carbonic  acid  with  the  alka- 
lies, earths,  and  metals,  is  fo  weak  that  it  is  dis- 
placed in  molt  inftances  by  every  other  acid, 
the  boracic  perhaps  excepted.  Hence  it  is.  that 
a carbonated  alkali  will  ejfervefce  with  any.  other 
acid,  being  expelled  from  the  alkali  in  form  of 
gas.  This  tendency  to  affume  the  gafeous  form 
contributes  much  to  the  weaknefs  of  its  affi- 
nity.. 

The  order  of  the  affinities  of  this  acid  are — 
bary.les,.ftrontian,  lime,  potafh,  foda,  magnefia, 
and  ammonia.  With  regard-  to  the  two  lalt, 
their  affinities  are  fo  nearly  balanced  that  nei- 
ther will  entirely  decompofe  the  carbonat  of 
the  other  fubftance,  and  the  difference  of  a few 
degrees  of  temperature  makes  an  effential  alter- 
ation in  the  relative  force  of  affinity. 

The  tendency  of  carbonic  acid  to  quit  all  its 
combinations  when  ftrongly  heated,  renders  it. 
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impoffible  to  afcertain  any  of  its  affinities  in  the 

dry  wav. 

CARBONOUS  OXYD,  or  Gafeous  Oxyd 

of  Carbon. 

The  difcovery  of  the  chara&eriftic  properties 
of  this  gas,  and  of  thofe  chemical  characters  by 
which  it  is  diftinguifhed  from  carburetted  hydro- 
gen, hydrocarbonate,  or  heavy  inflammable  air,  is 
entirely  due  to  Mr.  Cruikfhank. 

Till  the  refearches  of  this  chemift,  it  had 
always  been  objected  by  Dr.  Prieftley  againft 
Lavoifier’s  hypothefis  of  the  conftitution  of  fixed 
air  (and  always  with  a force  of  argument  which 
only  the  wilfully  blind  theorift  could  overlook), 
that  when  charcoal,  however  dry,  was  diftilled 
with  fcales  of  iron,  or  with  the  red  oxyd  of  mer- 
cury, the  produft  was  not  only  carbonic  acid, 
but  a large  quantity  of  a heavy  inflammable  air, 
which  in  fome  refpeCts  refembled  the  true  car- 
buretted hydrogen  obtained  by  diftilling  moif- 
tened  charcoal  in  a red  heat,  and  was  miftaken 
for  it. 

Carburetted  hydrogen  confifts  of  hydrogen 
holding  fome  carbon  in  folution,  and  were  it 
produced  by  charcoal  mixed  with  any  metallic 
oxyd,  the  prefence  of  the  hydrogen  could  only 
be  accounted  for  according  to  the  antiphlogiftic 
fyftem,  by  fuppofing  fome  water  to  remain 
united  with  the  charcoal  and  to  be  decompofed 
during  the  diftillation.  But  an  inflammable 
gas  is  produced  in  great  abundance,  whatever 
be  the  heat  to  which  the  charcoal  is  previoufly 
expofed,  and  therefore  were  it  really  compofed 
of  hydrogen,  the  objection  to  the  whole  hypo- 
thefis founded  on  this  experiment  would  be  un- 
anfwerable. 

Dr.  Prieftley  in  the  above  inftance  fuppofed 
the  water  to  be  a conftituent  part  of  the  iron 
fcales,  and  to  be  feparated  from  it  by  the  phlo- 
gifton  of  the  charcoal  uniting  with  and  reviving 
the  iron,  but  it  is  rendered  more  than  probable 
by  Mr.  Cruikfhank’s  difcovery  that  water  is  not 
in  the  leaft  neceflary  in  the  one  or  the  other  cafe 
to  the  production  of  that  kind  of  inflammable 
gas  produced  by  the  above  method,  that  this  gas 
neceflarily  contains  no  hydrogen  whatever,  but 
has  only  a Angle  combuftible  bafe,  namely,  car- 
bon, and  that  with  the  fame  two  ingredients  as 
carbonic  acid,  it  only  differs  from  it  in  containing 
proportionally  lefs  oxygen,  or  in  other  words 
that  it  is  an  oxyd  of  carbon.  Therefore  it  bears 
the  fame  analogy  to  carbonic  acid  as  the  nitrous 
oxyd  does  to  the  nitric  acid,  the  oxyd  in  each 
cafe  not  containing  fufficient  oxygen  to  impart 
the  properties  of  an  acid. 

* Phil.  Journ.  vol.  v.  4to.  d An.Chim. 


The  experiments  of  Mr.  Cruikfhank1  have 
been  repeated  with  much  apparent  accuracy  by 
Mefli'S.  Deformes  and  Clement,5  and  the  refults 
of  the  two  correfpond  very  clofely. 

The  gafeous  oxyd  of  carbon  may  be  procured 
by  feveral  methods,  that  is,  either  by  the  partial 
oxygenation  of  charcoal  by  diftillation  with  me- 
tallic oxyds  ; or  by  the  partial  difoxygenation  of 
carbonic  acid  by  diftilling  the  earthy  carbonats 
with  the  filings  of  different  metals  ; or  by  heat- 
ing carbonic  acid  with  charcoal,  whereby  the 
proportional  quantity  of  the  carbonous  bafe  is 
encreafed  ; or  by  the  decompofition  of  carbonic 
acid  by  the  electric  fpark. 

Oxygenation  of  Charcoal  by  Metallic  Oxyds. 

The  original  experiment  of  Dr.  Prieftley  is 
the  following  : c Equal  parts  of  the  fcales  of  iron 
and  charcoal  (each  having  previoufly  been  made 
very  hot  in  feparate  veflels)  were  put  into  a 
glazed  earthen  retort  and  ftrongly  heated.  In- 
ftead  of  a product  of  i water , which  Dr.  Prieftley 
expected,  a prodigious  quantity  of  air  came  over, 
which  on  examination  was  found  to  confift  of 
only  one-tenth  of  fixed  air,  and  the  remainder 
was  an  inflammable  air  of  a very  remarkable  kind, 
being  quite  as  heavy  as  common  air.  “ The  reafon 
“ of  this,”  Dr.  P.  adds,  “ was  very  apparent 
“ when  it  was  decompofed  by  dephlogifticated 
“ air,  for  the  greater  part  of  it  was  fixed  air.” 
The  above  two  important  properties  of  this  kind 
of  inflammable  air,  namely,  its  weight,  and  its 
almoft  total  convertibility  into  carbonic  acid 
when  faturated  with  oxygen,  are  fully  confirmed 
by  fubfequent  experiments. 

Repeating  this  experiment  of  Dr.  Prieftley, 
Mr.  Cruikfhank  mixed  fome  of  the  fcales,  or  im- 
perfect oxyd  of  iron  feparated  in  forging,  with 
powdered  charcoal  (each  being  previoufly  heated 
for  an  hour  to  rednefs  before  mixture)  put  them 
into  a coated  glafs  retort  and  heated  gradually, 
receiving  the  gas  in  the  pneumatic  ciftern  over 
water.  As  foon  as  the  retort  was  red,  abundance 
of  gas  came  over,  which  being  examined  at  dif- 
ferent periods  was  found  in  the  beginning  of  the 
procefs  to  be  compofed  of  one  part  of  carbonic 
acid  and  four  of  an  inflammable  gas  (afterwards 
difcovered  to  be  the  carbonous  oxyd,  with  a 
fmall  admixture  of  carburetted  hydrogen  :)  after 
which,  to  the  end  of  the  procefs  the  proportion 
of  the  carbonous  oxyd  encreafed  to  about  fix- 
fevenths  of  the  whole.  Two  ounces  of  the 
materials  yielded  many  gallons  of  the  gas. 

The  fublimed  oxyd  of  zinc  was  next  fubfti- 
tuted  to  the  iron  fcales  and  diftilled  with  char- 
coal. Even  before  the  retort  became  red,  much 
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gas  was  given  out,  and  on  encreafing  the  heat 
it  came  over  in  torrents.  It  contained  a much 
lefs  proportion  of  carbonic  acid  than  the  laft, 
and  towards  the  end  it  confifted  of  pure  inflam- 
mable gas.  The  abfence  of  carbonic  acid  was 
known  by  its  not  rendering  lime-water  turbid. 
Part  of  the  zinc  was  found  in  the  metallic  Hate 
fublimed  in  the  neck  of  the  retort. 

In  like  manner  the  red  oxyd  of  copper  and 
charcoal  gave  by  diftillation,  firft,  a mixture  of 
carbonic  acid  with  inflammable  gas,  and  at  laft  a 
gas  purely  inflammable.  The  copper  was  found 
reduced  in  fmall  globules.  Litharge  and  char- 
coal gave  a fimilar  refult,  and  the  lead  was  re- 
duced. The  oxyd  of  manganefe  previoufly  par- 
tially deoxidated  by  heating  to  rednefs,  was 
alfo  mixed  with  charcoal  and  diftilled,  and  gave 
the  fame  produdts. 

The  diftillation  of  charcoal  and  the  fublimed 
oxyd  of  zinc  was  repeated  by  Deformes  and 
Clement,  with  particular  attention  to  the  quan- 
tity of  produ£ts  from  a given  weight  of  the 
materials.  The  charcoal  and  zinc  were  firft 
heated  feparately  and  examined.  Common  char- 
coal heated  ftrongly  gave  a confiderable  quan- 
tity of  an  inflammable  gas,  and  about  Vo  of  its 
weight  of  water.  After  an  hour  nothing  far- 
ther came  over,  fo  that  to  enfure  the  perfect 
purity  of  the  charcoal,  it  fhould  be  ufed  hot  from 
a crucible  or  other  veffel  in  which  it  has  been 
heated  to  a full  red  heat  for  about  an  hour.  The 
oxyd  of  zinc  gave  nothing  at  all  by  being  heated 
per  fe,  fo  that  it  may  at  any  time  be  confidered 
as  pure  when  previoufly  freed  from  accidental 
moifture. 

By  experiment  it  was  found  that  1436  parts 
of  zinc  increafed  by  calcination  to  1748  of  white 
fublimed  oxyd,  and  hence  it  is  inferred  that  100 
parts  of  the  white  oxyd  confift  of  82.15  of  metal, 
and  17.84  of  oxygen.  Thirty  grammes  (463 
grs.  troy)  of  pure  charcoal  prepared  as  above, 
and  ftill  hot,  were  mixed  with  as  much  oxyd 
of  zinc  (equal  parts  having  been  found  to  be 
the  proportions  in  which  the  carbonous  oxyd  is 
given  with  more  eafe  than  when  lefs  charcoal  is 
ufed ) and  were  put  into  a coated  glafs  retort,  with 
an  adopter  communicating  with  lime  water, 
through  which  all  the  gafeous  produdls  palled. 
When  firft  heated,  a fmall  portion  of  carbonic 
acid  appeared,  rendering  the  lime  water  turbid, 
but  this  efle£t  foon  ceafed,  and  the  gas  was 
purely  inflammable.  In  five  hours  all  the  pro- 
duction of  gas  had  entirely  flopped,  and  the  en- 
tire products  of  the  operation  were  as  follows : 


Zinc  fublimed  in  the  retort  . . 

Charcoal  remaining  ...... 

Carbonic  acid  contained  in  the  7 
precipitated  lime-water  5 

Nine  litres  (16.9  wine  pints)  of  l 
inflammable  gas,  weighing  j 


grammes 

21.82 

26.60 

0.07 

10-35 


Lofs 


58.84 
1. 16 


60.00 

D if  oxygenation  of  Carbonic  acid. 

Mr.  Cruikfhank  having  repeated  an  experi- 
ment of  Prieftley’s  to  obtain  an  inflammable  gas 
from  carbonat  of  barytes,  and  the  grey  oxyd  of 
iron,  varied  it  in  the  following  manner: 

Equal  parts  of  chalk  (heated  red  hot  previoufly 
for  ten  minutes)  and  iron  filings  were  mixed 
and  heated  in  a retort  as  before.  Abundance 
of  gas  was  given  out,  which  confifted  pretty 
uniformly  of  about  one  part  of  carbonic  acid, 
and  5 parts  of  the  inflammable  gas. 

An  ounce  of  chalk,  previoufly  heated  red  for 
ten  minutes,  was  mixed  with  as  much  zinc 
filings,  and  heated  gradually  in  a coated  glafs 
retort.  A little  carbonic  acid  came  over  at  firft, 
but  foon  mixed  with  the  carbonous  oxyd,  and 
when  the  contents  were  thoroughly  red  nothing 
but  the  inflammable  gas  came  over,  and  in  pro- 
digious quantity.  Examined  at  different  periods 
of  the  diftillation  it  was  found  perfectly  in- 
flammable, and  free  from  carbonic  acid.  When 
cold,  there  was  found  in  the  neck  of  the  retort 
fome  of  the  zinc  fublimed  and  oxydated,  below 
this  fome  remaining  metallic  zinc,  and  at  the 
bottom  a crumbly  mixture  of  unmetallic  zinc 
with  an  imperfe£l  lime. 

Chalk  with  tin  filings  gave  a fimilar  refult. 

In  the  above  three  experiments  the  carbonic 
acid  was  united  to  an  earthy  bafe  before  diftil- 
lation, and  confequently  it  was  expofed  to  the 
deoxydating  effe£l  of  the  metallic  filings  in  its 
nafeent  ftate,  or  at  the  moment  of  its  affuming 
the  gafeous  form,  a ftate  in  which  gafeous 
bodies  are  peculiarly  fufceptible  of  chemical 
change,  frequently  even  when  the  very  fame 
fubftances  refufe  to  a cl  on  each  other  after  they 
have  once  acquired  the  ftate  of  gas.  Mr.  Cruik- 
fhank found  however  that  even  carbonic  acid 
gas  could  be  decompofed  by  the  metals,  though 
lefs  perfe£tly.  It  was  feen  in  the  following 
way.  A quantity  of  dry  chalk  was  introduced 
into  an  iron  retort,  over  which  was  rammed 
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fame  dry  fand,  and  a ftratum  of  iron  filings  over 
all.  In  this  arrangement  therefore  the  carbonic 
acid  gas  expelled  from  the  chalk  by  heat  would 
have  to  traverfe  a ftratum  of  fand  three  inches 
thick  before  it  would  reach  the  iron  filings.  The 
gafeous  products  of  the  diftillation  were  a quan- 
tity of  undecompofed  carbonic  acid*  together 
with  a large  proportion  of  the  inflammable  gas, 
and  the  iron  filings  were  found  confiderably  oxi- 
dated when  taken  out.  The  decompofition  of 
carbonic  acid  by  metals  does  therefore  take  place 
when  the  acid  is  in  the  gafeous  form,  but  by  no 
means  fo  perfectly  as  in  its  nafcent  ftate.  A 
fimilar  decompofition  was  alfo  effected  by  for- 
cing the  fame  carbonic  acid  gas  fucceflively 
backwards  and  forwards  through  an  iron  tube, 
the  middle  of  which  was  full  of  iron  filings,  and 
was  kept  red  hot  by  a fmall  furnace  beneath  it. 
A bladder  was  tied  to  each  extremity  of  the  tube 
to  receive  the  gas.  By  twenty  times  palling 
the  gas  flowly  through  the  red-hot  part  of  the 
tube  two-thirds  of  it  were  converted  into  in- 
flammable gas,  and,  by  continuing  the  procefs, 
three-fourths. 

Solution  of  Carbon  in  Carbonic  Acid. 

It  is  obvious  that  increafing  the  oxidable  bafe 
of  any  fubftance  alseady  united  with  oxygen 
mull  have  the  fame  relative  effe£t,  as  abftraCl- 
ing  a portion  of  its  oxygen  ; and  this  offers  ano- 
ther mode  of  converting  carbonic  acid  into  the 
inflammable  oxyd  of  carbon,  which  has  been 
fuccefsfully  praClifed  by  Meffrs.  Deformes  and 
Clement. 

Pelletier  in  his  valuable  experiments  on  barytes 
and  ftrontian, d difeovered  that  the  native  car- 
bonat  of  barytes,  though  fcarcely  calcinable  per 
fe  in  any  fire,  would  readily  part  with  its  car- 
bonic acid  by  calcination  if  previoufly  rubbed  to 
fine  powder,  and  mixed  with  a fmall  quantity 
of  charcoal.  The  chemifts  above-mentioned  on 
repeating  this  experiment  with  three  parts  of 
carbonat  of  barytes  and  one  of  charcoal  obtained 
a large  quantity  of  gas,  compofed  of  about  £ of 
carbonic  oxyd,,  and  -5-  of  carbonic  acid,  and  in 
the  retort  the  barytes  was  left  quite  caufcic. 
Here,  therefore,  it  is  to  be  fuppofed  that  the  car- 
bonic acid  is  fuperfaturated  with  its  own  bafe, 
and  thus  rendered  much  more  volatile  than 
before. 

A more  direCf  combination  of  carbon  with 
carbonic  acid  was  alfo  obtained  by  the  fame 
chemifts,  precifely  with  the  fame  apparatus 
which  Mr.  Cruiklhank  had  employed  for  pair- 
ing the  carbonic  acid  gas  over  red-hot  iron, 
that  is,  with  a tube  filled  in  the  middle  with 


charcoal,  and  with  a bladder  faftened  to  each 
extremity,  which  was  kept  alternately  full  or 
empty  as  the  gas  was  preffed  backwards  and 
forwards  through  the  tube.  The  firft  fenfiblfe 
effect  produced  on  the  calcined  gas  was  a con- 
fiderable  dilatation,  which  was  exclufive  of  the 
expanfion  by  mere  heat,  and  arofe  from  the  fo- 
lution  of  a part  of  the  heated  charcoal  in  the 
gas  as  it  paffed  over.  After  each  experiment 
by  far  the  greater  part  of  the  carbonic  acid  was 
found  changed  into  the  inflammable  gafeous 
oxyd  of  carbon,  the  proportions  of  the  former 
varying  from  about  TV  to  The  remaining 
charcoal  taken  out  and  weighed  was  found 
to  have  loft  confiderably,  but  the  lofs  was 
greater  when  iron  tubes  were  ufed  than  with 
thofe  of  glafs  or  porcelain.  Reckoning,  there- 
fore, the  quantity  of  charcoal  taken  up  by  the 
carbonic  acid  in  the  different  procefles  to  be 
indicated  by  the  lofs  of  charcoal  from  the  tubes, 
the  compofition  of  the  gafeous  oxyd  into  which 
the  carbonic  acid  was  converted  was  found  to 
be,  when  iron  tubes  were  ufed,  about  48  of 
oxygen  to  52  of  carbon;  and  when  porcelain 
or  earthen  tubes  were  employed  it  confifted  of 
about  53  of  oxygen  to  47  of  carbon. 

It  would  appear  from  the  refult  of  feveral  ex- 
periments that  the  inflammable  gas  is  the  pureft 
when  prepared  from  chalk  and  iron,  or  zinc 
filings ; for  when  charcoal  and  the  metallic 
oxyds  are  employed,  or  charcoal  in  any  way, 
fome  admixture  of  a gas  always  appears,  which 
caufes  the  production  of  a portion  of  water 
when  the  whole  is  burnt  with  oxygen,  and 
therefore  muft  be  hydrogen  ; but  this  is  not  the 
cafe  with  the  inflammable  air  from  chalk  or 
carbonat  of  barytes  and  metallic  filings.  This 
if  taken  after  the  firft  portions  have  paffed  over 
and  wafhed  with  lime-water  or  cauftic  alkali,  to 
feparate  any  carbonic  acid-  it  may  contain,  may 
be  confidered  as  pure  gafeous  oxyd  of  carbon,  or 
carbonous  oxyd , and  its  charatleriftic  properties, 
(according  to  Cruiklhank  where  not  otherwife 
fpcified')  are  the  following,  to  which  may  be 
added  the  diftinClive  marks  whereby  it  is  found 
to  differ  from  carburetted  hydrogen. 

Carbonous  oxyd  is  nearly  of  the  fame  fpecific 
gravity  as  atmofpherie  air,  being  lighter  than 
common  air  only  in  the  proportion  of  22  : to  23. 
Its  fpecific  gravity  therefore  will  be  about  1.177 
(water  being  1000.  and  common  air  1.2308). 
On  the  other  hand,  the  average  weight  of  the 
true  carburetted  hydrogen  is  not  more  than  Half 
that  of  common  air. 
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It  fuddenfy  deftroys  animal  life.  A bird  put 
in  a jar  of  it  could  not  be  withdrawn  alive.e 

It  is  no  way  altered  by  being  electrized  per  fe 
for  a length  of  time.f  In  this  [it  remarkably 
differs  from  carburetted  hydrogen. 

It  bums  in  the  open  air  with  a quiet  blue 
flame.  When  previoufly  mixed  with  common 
air  and  kindled,  it  does  not  explode,  but  burns 
flowly;  but  mixed  with  oxygen  it  explodes  by 
the  eleCtric  fpark,  though  not  very  violently. 
In  this  cafe  the  flame  is  red. 

It  is  particularly  by  the  products  of  combuf- 
tion  that  this  gas  is  diftinguifhed  from  hydrogen, 
or  any  other  known  fubftance.  The  produCl 
of  the  burning  of  hydrogen  with  oxygen  is 
water,  of  carburetted  hydrogen  is  carbonic  acid 
and  water  in  different  proportions;  but  the 
combuftion  of  pure  carbonous  oxyd  produces 
nothing  but  carbonic  acid,  and  in  very  large 
quantity.  This  is  well  fhewn  in  two  methods. 
In  one,  let  a fmall  but  conftant  jet  of  very  pure 
gafeous  oxyd  be  fet  fire  to,  and  immediately  in- 
troduced in  a large  glafs  balloon  full  of  oxygen 
gas  (with  the  fame  apparatus  as  is  defcribed  un- 
der the  fimilar  combuftion  of  hydrogen).  It 
will  then  burn  with  increafed  brightnefs  for  a 
certain  time,  and  be  extinguifhed  fpontaneoufly, 
but  without  fo  great  a diminution  of  gas  as 
might  be  expeCIed,  the  fules  of  the  balloon  will 
only  be  damp,  but  will  not  {hew  thofe  copious 
drops  of  water  trickling  down  as  appear  when 
hydrogen  is  burnt,  and  the  contents  of  the  bal- 
loon will  confift  altogether  of  carbonic  acid  gas, 
mixed  with  the  unconfumed  refidue  of  oxygen. 
A fecond  mode  of  conducting  the  combuftion, 
is  to  mix  the  gafeous  oxyd  with  oxygen  in 
Volta's  Eudiometer , and  detonate  the  mixture  by 
means  of  the  eleCtric  fpark.  The  explofion  is 
not  fo  violent  as  with  hydrogen,  or  efpecially 
with  fome  of  the  hydrocarbonates,  and  the  re- 
fidue is  here  alfo  only  carbonic  acid  together 
with  any  cafual  impurity  of  the  oxygen. 

The  relative  proportions  of  carbonous  oxyd 
and  oxygen  requifite  to  mutual  faturation,  and 
the  confequent  production  of  carbonic  acid,  are 
the  means  of  afcertaining  the  exaCt  conftituent 
parts  of  this  inflammable  gas.  When  20  mea- 
sures of  the  pureft  gafeous  oxyd  (that  is,  from 
chalk  and  iron  filings)  were  mixed  with  8 mea- 
fures  of  oxygen  and  exploded,  the  whole  was 
reduced  to  18  or  19  meafures,  the  whole  of 
Svhich  was  abforbed  by  lime-water,  and  was 
therefore  carbonic  acid.  The  weight  of  the 
latter  alfo  was  found  by  other  experiments  to 
correfpond  as  nearly  with  the  fum  of  the  weights 


of  the  two  before  mixture  as  can  well  be  ex- 
pected in  experiments  of  this  kind,  for  100 
cubic  inches  of  carbonous  oxyd  with  40 
inches  of  oxygen  produced  92  cubic  inches  of 
carbonic  acid,  and  the  weight  of  the  firft  of 
thefe  may  be  eftimated  at  about  30  grains,  of 
the  fecond  at  13.6,  and  of  the  third  at  43.2 
grains,  and  the  fum  of  the  two  firft  differs  from 
the  third  only  by  .4  of  a grain. 

From  the  above  data,  confirmed  by  other  ex- 
periments of  Mr.  Cruikfhank,  it  may  be  inferred 
that  100  parts  (by  meafure)  of  gafeous  oxyd  of 
carbon  require  for  faturation  40  meafures  of 
oxygen  gas  and  produce  by  combuftion  about 
92  meafures  of  carbonic  acid  gas : or  (by  weight ) 
that  roo  grains  of  carbonous  oxyd  require  45.7 
grains  of  oxygen,  and  are  converted  into  144 
grains  of  carbonic  acid.  As  this  acid  is  the 
only  fubftance  that  appears  after  the  combuftion 
(fuppofmg  the  trifling  produftion  of  water  to  arife 
from  accidental  impurity,)  -and  as  carbonic  acid 
is  only  compofed  of  carbon  and  oxygen,  it  muft 
follow  that  the  inflammable  gas  muft  either  be 
pure  carbon,  or  carbon  already  mixed  with  a 
certain  portion  of  oxygen,  but  not  fufficient  for 
complete  acidification.  That  the  latter  fuppo- 
fition  is  the  truth  is  proved  from  a comparifon 
of  the  known  proportions  of  carbon  and  oxygen 
in  carbonic  acid  with  the  quantity  of  oxygen 
necefiary  to  be  added  to  the  inflammable  gas  for 
complete  acidification.  Carbonic  acid  is  found 
by  Lavoifier  and  other  accurate  chemifts  to  be 
compofed  of  about  28  (by  weight)  of  carbon 
with  72  of  oxygen;  confequently  144  grains  of 
carbonic  acid  (the  product  of  the  full  oxyge- 
nation of  100  grains  of  the  inflammable  gas) 
contain  42.32  grains  of  carbon;  and  hence,  as 
only  carbonic  acid  is  produced  by  the  combuf- 
tion, the  remainder  of  the  100  grains,  or  59.68 
grains  njuft  be  oxygen.  Or,  by  another  calcu- 
lation, 144  grains  of  carbonic  acid  contain  72 
per  cent,  or  103.68  grains  of  oxygen;  but  only 
45.33  grains  of  oxygen  were  added  to  tire  in- 
flammable gas  to  produce  this  carbonic  acid, 
and  confequently  the  difference  between  103.68 
and  45.33,  or  58.35  grains  of  oxygen,  were  al- 
ready contained  in  the  gas,  leaving  41 .65  grains 
to  complete  the  ico  grains  of  the  gas,  which  is 
the  carbon.  So  that  the  refpeftive  proportions 
of  oxygen  and  carbon  in  100  grains  of  the  ga- 
feous oxyd  is  by  one  eftimation  59.68  of  oxygen 
to  40.32  of  carbon,  and  by  the  other  it  is  58.35 
to  41.65,  the  trifling  difference  between  the  two 
arifing  from  the  fmall  deficiency  in  the  weight 
of  the  carbonic  acid,  compared  to  the  fum  of 
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the  weights  of  the  gafeous  oxyd  and  of  the  oxy- 
gen confumed  in  the  combuftion. 

Therefore  we  may  reckon  on  an  average  that 
ioo  grains  of  the  carbonous  oxyd  obtained  from 
the  decompofition  of  the  earthy  carbonats  with 
metallic  fubftances  in  its  pureft  poffible  ftate, 
unmixed  with  any  hydrogen,  to  be  compofed  of 
about  59  of  oxygen  and  41  of  carbon. 

In  this  calculation  it  may  be  obferved,  the 
inferences  from  Mr.  Cruikfhank’s  obl'ervations 
are  corrected,  by  affuming  more  accurate  pro- 
portions for  the  compolition  of  carbonic  acid, 
Mr.  C.  eftimating  only  20  per  cent,  of  carbon 
in  the  acid,  which  is  certainly  much  too  low, 
as  Lavoifier’s  proportions  have  been  amply  con- 
firmed by  other  chemifts. 

The  experiments  of  Deformes  and  Clement 
agree  very  clofely  with  the  above,  thefe  che- 
mifts deducing  the  compolition  of  the  gafeous 
oxyd  to  be  in  100  grains,  58.4  of  oxygen  and 
41.6  of  carbon. 

All  the  above  calculations  fuppofe  a perfeCt 
uniformity  in  the  compofition  of  the  gafeous 
oxyd,  and  the  details  of  the  various  experiments 
will  fupport  this  opinion  tolerably  well,  confider- 
ing  the  great  variety  in  the  quantities  of  the 
accidental  impurities  of  the  gas,  both  of  hydrogen 
and  of  carbonic  acid,  and  of  carburetted  hydrogen, 
excepting  in  the  Angle  inftance  of  the  carbo- 
nous oxyd  produced  by  palling  carbonic  acid 
over  red  hot  charcoal,  where,  as  already  men- 
tioned, the  quantity  of  carbon  in  the  inflammable 
gas  appears  to  be  very  variable,  and  to  be  much 
greater  than  when  prepared  in  any  other  method. 
It  is  by  no  means  improbable  therefore  that  the 
carbonous  oxyd  may  be  fuperfaturated  with 
carbon,  part  of  which  may  perhaps  be  again 
feparated  by  the  aCtion  of  affinities  too  weak  to 
produce  an  entire  decompofition  of  the  oxyd. 

A true  combuftion  of  the  gafeous  oxyd  of 
carbon  takes  place  when  it  is  mixed  with  the 
oxymuriatic  acid  gas.  If  the  latter  be  recently 
prepared  and  added  to  the  carbonous  gas  in 
due  proportion  the  whole  mixture  is  converted 
into  Ample  muriatic  acid  and  carbonic  acid,  the 
oxygen  having  palled  from  the  oxymuriatic  acid 
to  the  carbonous  oxyd  and  completed  its  acidifi- 
cation. Two  meafures  of  the  carbonous  oxyd 
•were  mixed  with  2-f  meafuresf  of  the  oxymuriatic 
gas  in  a bottle  which  the  mixture  completely 
filled,  the  ftopper  was  put  in,  and  the  neck 
plunged  under  mercury.  After  twenty-four 
hours  the  ftopper  was  taken  out  under  water, 
which  rofe  immediately  and  occupied  two- 


thirds  of  the  bottle.  This  firft  abforption  was 
chiefly  that  of  the  muriatic  acid.  The  reAduum 
was  then  agitated  with  lime-water,  and  the 
whole  was  abforbed  except  about  ~ of  a meafure, 
which  was  azot,  and  doubtlefs  an  accidental 
impurity. 

The  oxyd  of  carbon  when  heated  in  contaCt 
with  pholphorus  dilfolves  a portion,  and  then 
burns  with  a pale  yellow.  The  phofphorus  is 
neither  depofited  nor  acidifled  by  long  Handing, 
or  by  being  kept  twenty-four  hours  over  water.s 

The  effeCt  of  hydrogen  upon  the  carbonous 
Oxyd  is  very  ftriking.  When  equal  parts  of 
thefe  gaffes  are  mixed  together  and  palled 
through  a glafs  tube  made  red-hot, h a complete 
decompofition  takes  place,  the  gafeous  oxyd  de- 
poflts  its  charcoal  on  the  furface  of  the  tube, 
which,  being  nearly  melting,  caufes  it  to  adhere 
and  to  form  a very  brilliant  uniform  black 
enamel,  whilft  the  oxygen  of  the  gafeous  oxyd 
by  union  with  the  hydrogen  forms  water,  which 
is  condenfed  at  the  further  extremity  of  the  tube. 
Some  of  the  hydrogen  pafles  through  apparently 
unaltered. 

The  decompofition  of  carbonic  acid  gas  by 
eleCtricity,  when  in  coutaCt  with  mercury,  or 
fome  other  metallic  body,  and  alfo  by  hydrogen, 
well  illuftrates  the  nature  of  the  carbonous  oxyd. 
Dr.  Prieftley  was  the  firft  who  found  a change  to 
take  place  in  carbonic  acid  gas  by  taking  the 
eleCtric  fpark  in  it  repeatedly  for  a confiderable 
time. ' Out  of  many  experiments  the  following 
may  be  feleCted:  in  a fmall  tube  containing 
about  T‘T  of  an  ounce  in  meafure  filled  with 
fixed  air  and  Handing  over  mercury,  the  eleCtric 
fpark  was  taken  for  an  hour ; after  which  the 
whole  tube  was  clouded  chiefly  with  a black 
matter,  but  at  the  bottom  with  a yellow  fub- 
ftance  like  fulphur.  Each  of  thefe  fubftances 
was  found  to  be  part  of  the  mercury  by  which 
the  gas  was  confined  and  changed  in  the  procefs. 
The  air  itfelf  was  a little  enlarged,  but  the  great 
alteration  produced  in  it  was  that  inftead  of  being 
all  abforbed  by  water,  as  pure  fixed  air  is,  about 
a fifth  part  remained  infoluble  in  this  fluid. 

This  curious  experiment  was  repeated  by 
Mongek  with  great  attention,  and  with  fimilar 
refults  with  others  of  importance.  He  found 
that  when  the  eleCtric  fpark  is  taken  in  fixed  air, 
the  volume  of  the  gas  fenfibly  increafes,  and  that 
this  enlargement  goes  on  for  a confiderable  time 
though  the  electrization  is  fufpended : that  it 
ceafes  after  a certain  time,  and  then  the  iron  con- 
ductors (if  this  metal  is  ufed),  are  fo  completely 


* Cruiklhajik.  b Deformes  and  Clement.  ‘ Ibid.  k Experiments  on  air,  vol.  i.  p.  na. 
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oxidated  as  to  let  fall  fcales  of  oxyd  from  their 
furface,  evidently  (hewing  a connexion  between 
the  change  of  the  gas  and  that  of  the  metal.  He 
alfo  found  that  after  ele£lrization  that  part  of 
the  gas  which  was  not  abforbed  by  cauftic  alka- 
lies (and  confequently  was  not  -carbonic  acid) 
was  highly  inflammable,  and  when  mixed  with 
oxygen  it  exploded  by  the  eletftric  fpark,  as  pure 
hydrogen  does.  This  made  him  confider  the 
refiduary  gas  to  be  hydrogen,  nor  could  the  ex- 
periment be  explained  otherwife  before  the  dis- 
covery of  the  gafeous  oxyd  of  carbon,  which  by 
fubfequent  experiments  this  is  found  to  be. 

The  elegant  experiments  of  Theodore  de 
Sauflure  have  thrown  further  light  upon  this 
fubjech*  Eletftric  fparks  were  taken  for  18 
hours  in  a glafs  tube  containing  13  cubic  inches 
of  carbonic  acid  gas,  pure  and  well  dried,  and 
confined  by  mercury.  After  ele&rization,  much 
of  the  black  oxyd  of  mercury  defcribed  by 
Prieftley  was  found,  but  the  conductors,  being 
copper,  were  not  fenfibly  oxidated.  A very 
flight  dilatation  amounting  to  no  more  than  T'o 
of  a cubic  inch  was  perceived.  On  throwing 
up  cauftic  alkali  only  one  cubic  inch  was  ab- 
forbed, which  was  therefore  carbonic  acid.  The 
refidue  was  not  hydrogen,  but  very  pure  gafeous 
oxyd  of  carbon;  for  when  1 00  parts  of  it  were 
burntwith  about  one-third  of  oxygen  gas  no  water 
was  perceived,  but  the  product  was  merely  77 
parts  of  carbonic  acid.  No  chemift  has  yet 
fucceeded  however  in  entirely  converting  car- 
bonic acid  into  carbonous  oxyd  by  electrization, 
but  the  quantity  is  obvioufly  encreafed  in  pro- 
portion to  the  continuance  of  the  electric 
pafiage. 

Carbonic  acid  gas  was  alfo  found  by  the  fame 
ingenious  chemift  to  be  decompofed  by  hydro- 
gen with  the  aid  of  the  electric  fpark.  In  a 
long  glafs  tube,  34-  parts  (in  bulk)  of  pure  car- 
bonic acid  mixed  with  as  much  hydrogen  were 
electrified  for  12  hours.  A condenfation  took 
place,  confiderable  at  firft,  but  towards  the  end, 
very  flight.  A number  of  fine  drops  of  water 
were  depofited  on  the  upper  part  of  the  tube,  and 
when  the  procefs  was  flopped,  the  bulk  of  the 
gafeous  mixture  was  reduced  from  7-f  to-  44- 
parts,  r of  which  was  undecompofed  carbonic 
acid,  and  the  remaining  34  proved  to  be  the 
gafeous.  oxyd  of  carbon,  being  inflammable,  un- 
abforbed  by  water  or  alkali,  and  when  burned 
with  a third  of  oxygen  gas,  giving  carbonic  acid 
in  the  proportion  of  70  meafures.  to  xoo  of  the 
inflammable  gas.  It  alfo  contained  a fmall  ad- 
mixture of  hydrogen.  When  the  proce(s  was 

1 Jaur.  de  P)>y£  tom.  liv. 


finiftied  in  a day  the  metallic  condu£lors  were 
not  oxidated,  nor  the  mercury  altered. 

In  the  above  experiment  the  hydrogen  appears 
to  unite  with  part  of  the  oxygen  of  the  carbonic 
acid  to  form  the  water  that  is  condenfed,  whilft 
the  carbonic  acid  by  lofing  oxygen  pafles  to  the 
date  of  carbonous  oxyd. 

It  appears  from  an  experiment  of  Deformes 
and  Clement10  that  hydrogen  which  has  been 
(hewn  to  be  fo  powerful  an  agent  in  decom- 
pofing  both  carbonic  acid  and  carbonous  oxyd, 
fometimes  effects  a complete  difoxygenation  of 
carbonic  acid  without  fenfibly  palling  into  the 
intermediate  date  of  carbonous  oxyd.  Hydro- 
gen gas  pafled  through  a tube,  containing  the 
native  carbonat  of  barytes  heated  red  hot,  is 
found  to  render  the  barytes  cauftic  or  pure,  and 
fometimes  to  feparate  the  carbonic  acid  as  fuch, 
but  at  other  times  to  bring  over  a quantity  of  a> 
black  carbonaceous  powder,  which  is  condenfed 
in  the  water  of  the  recipient,  and  which  thefe 
chemifts  fuppofe  to  be  the  carbon  of  the  decom- 
pofed carbonic  acid. 

A decompofition  of  carbonic  acid  by  hydrogen, 
fimilar  to  that  by  eledfricity  related  by  Sauflure, 
alfo  takes  place  when  the  mixed  gaffes  are  pafled 
through  a red-hot  porcelain  tube,  and  the 
gafeous  oxyd  is  produced. 

CARBURETTED  HYDROGEN  GAS.. 
Hydrocarbonate,  or  Heavy  Inflammable  Air.  Gaz 
Hydrogene  Carbone,  Fr.  Kohlenfloffhaltiges  IVaf- 
JerPffgas>  Germ. 

The  only  definition  that  can  apply  to  car- 
buretted  hydrogen  as  generally  defcribed,  is,  an 
inflammable  gas  confiderably  lighter  than  com- 
mon air,  not  rendering  lime-water  turbid  when 
fhaken  with  it,  and  when  burned  with  oxygen 
totally  refolvable  into  carbonic  acid  and  water. 

It  (hould  be  obferved  that  many  of  the  moll 
important  experiments  on  this  gas  were  made 
previous  to  the  difcovery  of  the  true  nature  of. 
the  carbonous  oxyd,  which  difcovery,  whilft  it. 
aflifts  in  the  explanation  of  feveral  difficult  phe- 
nomena in  chemiftry,  throws  fome  uncertainty 
on  the  refults  of  former  enquiries  into  the  pro- 
perties 'of  carburetted  hydrogen,  and.  renders  a 
further  examination  highly  neeeflary- 

Before  it  was  fufpefted  that  carbon-  could' 
exift  in  any  other  (late  of  oxygenation  than  as- 
carbonic  acid,  it  might  be  inferred  with  tolerable 
(though  not  abfolute)  certainty  that  when  any 
gas  had  been  purified  from  carbonic  acid  by 
agitation  with  alkali-  or  lime-water,  if  it  fur- 
nilhed  a frefh  portion  of  carbonic  acid  after 
combuftion  with  oxygen,  the  carbonous  in— 
* An.  Chim.  tom.  xliii.  p.  a8B. 
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ingredient  exifted  in  the  ftate  of  pure  carbon  or 
charcoal.  Therefore,  as  the  only  produ£ts  of 
carburetted  hydrogen  when  burnt  with  oxygen 
are  carbonic  acid  and  water,  chemifts  generally 
fatisfied  themfelves  with  eftimating  the  quantity 
of  carbon  contained  in  the  gas  by  taking  about  28 
per  cent  of  the  weight  of  carbonic  acid  produced, 
and  fet  down  the  entire  remainder  as  hydrogen. 
For  example,  if  100  cubic  inches  of  any  gas 
weighing  15  grains,  were  totally  refolvable  into 
carbonic  acid  and  water  by  combuftion  with  oxy- 
gen, and  if  by  the  combuftion  54  cubic  inches  of 
carbonic  acid  weighing  25  grains  were  produced, 
the  quantity  of  carbon  originally  contained  in  the 
gas  would  be  reckoned  to  be  7 grains  (being  28 
per  cent,  of  the  weight  of  the  carbonic  acid) 
and  the  difference  between  7 and  1 5,  or  8 grains, 
would  be  confidered  as  the  weight  of  the  hydro- 
gen ; or  in  other  words  the  gas  would  be  called 
a carburetted  hydrogen,  confiding  of  hydrogen 
holding  carbon  in  folution,  in  the  proportions 
of  8 (by  weight)  of  the  former,  to  7 of  the  latter. 

But  it  is  obvious  that  this  mode  of  eftimating 
mull  be  totally  erroneous  in  the  cafe  (probably 
very  frequent)  of  a mixture  of  gafeous  oxyd  of 
carbon  and  hydrogen  gas,  and  hence  no  ap- 
proach to  analyfis  can  be  obtained  without  afeer- 
taining  both  the  water  and  the  carbonic  acid 
produced,  and  even  then  fome  uncertainty  will 
occur,  as  will  be  prefently  mentioned. 

So  that  it  is  poffible,  and  by  no  means  im- 
probable, that  there  may  exift  three  fpecies  of 
gaffes,  all  of  which  have  a claim  to  the  title  of 
hydrocarbonat  or  carburetted  hydrogen,  namely, 
I ft,  hydrogen  fimply  holding  carbon  in  folution, 
or  what  correfponds  with  the  original  idea  of  a 
hydrocarbonat : 2nd.  hydrogen  mixed  with  ga- 
feous oxyd  of  carbon  : 3d.  a mixture  of  the  two 
former  fpecies,  or  hydrogen  gas  and  gafeous 
oxyd  of  carbon,  with  an  excefs  of  carbon  held 
in  folution  by  one  or  both  of  thefe  gaffes.  This 
laft  fpecies  therefore  might  alfo  admit  of  fome 
varieties,  according  to  the  folvent  of  the  carbon. 

Having  noticed  thefe  difficulties,  we  proceed 
to  the  nature  and  properties  of  hydrocarbonat, 
as  obferved  by  different  chemifts. 

Carburetted  hydrogen  gas  is  obtained  in  a 
great  variety  of  ways,  and  with  very  confiderable 
differences  in  fpecific  gravity  and  proportion  of 
ingredients.  It  is  found  native  on  the  furface 
of  ftagnant  waters,  marfhes,  wet  ditches,  &c. 
through  which,  if  examined  clofely,  large  bubbles 
will  be  feen  to  rife  in  hot  weather,  and  may  be 
increafed  at  pleafure  by  ftirring  the  bottom  with 
' ;a  ftiek.  In  clofe  ftill  evenings  if  a candle  is 


held  over  the  furface,  flafhes  of  blue  lambent 
flame  may  fometimes  be  perceived  fpreading  to 
a confiderable  diftance.  All  that  is  not  fabulous 
concerning  the  ignis  fatuus  is  probably  derived 
from  this  fource.  This  fpecies  may  be  termed 
for  diftimftion  the  carburetted  hydrogen  of 
marfhes.  In  the  pureft  form  in  which  it  can  be 
colletfted  it  is  ufually  mixed  with  about  20  per 
cent,  of  azot. 

This  gas  is  alfo  given  out  very  abundantly  by 
almoft  every  vegetable  matter  when  fubjebled  to 
a fcorching  heat  fufficient  to  decompofe  them. 
When  heated  in  dole  veffels  much  more  hydro- 
carbonat is  obtained  than  when  burnt  in  the 
open  air,  the  product  in  the  latter  cafe  contain- 
ing more  carbonic  acid.  It  would  be  endlefs  to 
enumerate  the  vegetable  fources  of  this  gas,  but 
fome  of  the  moft  convenient  or  ufual  methods 
of  obtaining  it  pure  may  be  mentioned. 

The  deftrutftive  diftillation  of  any  of  the 
acetous  falts  has  often  been  ufed.  For  this,  let 
any  quantity  of  dry  acetite  of  potafh  be  put  into 
a retort  and  heated  gradually.  The  fait  foon 
melts  in  its  water  of  cryftaliization,  puffs  up, 
and  would  boil  over  if  the  neck  were  not  kept 
very  hot  as  well  as  the  bottom.  The  firft  pro- 
duels  are,  the  air  of  the  veffels  and  water,  then 
when  the  acetous  acid  begins  to  be  fcorched,  a 
large  ftream  of  gas  begins  and  continues  without 
interruption  till  the  whole  is  fully  red-hot,  and 
little  die  remains  in  the  retort  but  the  alkali,  in 
a carbonated  ftate.  Along  with  the  gas  much 
oil  arifes  at  different  times,  and  condenfes  in 
the  cool  receiver.  The  gas,  according  to  Dr. 
Higgins’s  very  careful  analyfis, a after  the  firft 
portions  have  paffed  over,  confifts  of  nothing  but 
hydrocarbonat  mixed  with  a variable  portion  of 
carbonic  acid,  which  laft  may  be  feparated  by 
lime-water.  The  hydrocarbonat  itfelf  varies 
confiderably.  The  firft  part  is  much  heavier 
than  the  laft  (though  ftill  lighter  than  common 
air)  and  appears  to  hold  in  folution  part  of  the 
oil,  for  on  {landing  fome  time  over  water  it 
becomes  lighter,  and  is  found  to  require  lefs 
oxygen  for  faturation  than  before.  The  average 
fpecific  gravity  of  the  firft  and  laft  gas  mixed, 
which  may  be  taken  as  an  average  of  the  whole, 
is  to  that  of  common  air  as  2 to  3. 

Carburetted  hydrogen  is  obtained  in  great 
purity  by  fending  the  vapour  of  inflammable 
vegetable  matter  through,  an  earthen  or  glafs 
tube  palling  through  a furnace  and  kept  red-hot 
in  the  middle.  The  vapour  of  camphor,  ether, 
alcohol,  and  other  inflammables  treated  in  this 
way  is  converted  into  this  gas,  but  a very  great 
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difference  takes  place  in  the  quantity  of  the  gas, 
according  to  the  degree  of  heat  and  other  cir- 
cumftances. 

Another  method  of  obtaining  carburetted  hy- 
drogen is  to  put  coal,  wood,  peat,  &c.  into  any 
convenient  veffel,  an  earthen  or  iron  retort  for 
example,  and  heat  it  flowly  to  rednefs. 

Moft  animal  inflammable  fubftances,  fuch  as 
filk,  fat,  wax,  and  the  like,  yield  this  gas  as 
freely  as  vegetable  matters  by  a fimilar  treat- 
ment. This  was  difcovered  by  Berthollet,  in 
his  moft  mafterly  refearches  on  the  nature  of 
animal  matter  and  of  ammonia ; and  as  the  gas 
in  this  cafe  is  not  mixed  with  an  unufual  portion 
of  azot,  he  fagacioufly  conjectured  and  after- 
wards fully  proved  that  the  azot,  certainly  con- 
tained in  animal  matters,  went  to  conftitute  the 
ammonia  which  is  always  given  off  in  the  pro- 
cefs. 

Carburetted  hydrogen  (or  at  leaft  a gas  which 
gives  carbonic  acid  and  water  by  combuftion 
with  oxygen)  is  alfo  generated  in  abundance 
when  charcoal  not  previoufly  dried  is  diftilled 
per  fe  in  clofe  veffels,  and  continues  to  be  given 
off  till  it  has  been  heated  fully  red-hot  for  about 
an  hour,  after  which  it  ceafes,  and  the  charcoal, 
as  mentioned  under  the  two  preceding  articles, 
is  now  pure.  A fimilar,  though  fomewhat  dif- 
ferent procefs  for  obtaining  the  gas,  is  to  enclofe 
powdered  charcoal  in  a tube  palling  through  a 
furnace,  to  confine  the  charcoal  loofely  by  a 
pellet  of  clay  at  each  end  of  the  tube,  to  heat  it 
red  hot,  and  in  that  fituation  to  fend  through  it 
the  vapour  of  water  kept  boiling  in  a fmall  retort 
attached  to  one  end  of  the  tube.  Much  carbonic 
acid  gas  is  generated  in  this  way,  and  when  this 
is  removed  the  remaining  gas  is  inflammable. 

Laftly,  this  gas  may  be  obtained  by  the  dire£t 
union  of  its  conftituent  parts.  If  hydrogen  gas 
is  paffed  feven  or  eight  times  fucceffively  through 
an  iron  tube  containing  charcoal  and  heated  red 
hot,  a diminution  of  the  bulk  of  the  gas  takes 
place,  the  hydrogen  diffolves  a portion  of  the 
charcoal,  and  then  affumes  the  properties  of 
carburetted  hydrogen. b 

A moft  curious  variety  of  hydrocarbonat  gas 
Was  difcovered  by  the  afl’ociated  Dutch  chemifts 
(Van  Dieman,  Trooftwyck,  and  others),  which 
is  procured  from  ether  or  alcohol,  and  has  the 
remarkable  property  of  generating  or  depofiting 
a heavy  oil  when  in  contadb  with  the  oxymuri- 
atic  gas.  Hence  it  has  been  termed  oily  car- 
bnretted  hydrogen , or  olefiant  gas.  It  appears  to 
confift  of  carburetted  hydrogen,  fuperfaturated 
with  a large  portion  of  carbonous  matter  in  fome 
‘ Deformes  & Clement.  An.  Ch.  tom.  39.  * Phil.  Jour 


unknown  ftate  of  combination,  and  hence  it 
requires  a much  greater  proportion  of  oxygeft 
for  faturation,  and  alfo  produces  a much  larger 
quantity  of  carbonic  acid  than  the  other  hydrocar- 
bonats  : it  is  alfo  much  heavier.  The  mode  and 
preparation  of  this  lingular  gas,  and  its  peculiar 
properties,  will  be  feparately  deferibed,  but  it 
may  be  added  that  according  to  Mr.  W.  Henry’s 
experiments, c the  olefiant  gas  appears  to  be 
alfo  contained  partially  in  the  hydrocarbonat 
from  coal,  from  wax,  and  fome  other  fubftances, 
and  greatly  to  contribute  to  the  quantity  of  light 
and  heat,  which  thefe  gaffes  give  out,  as  well  as 
to  the  proportion  of  carbonic  acid. 

Hydrocarbonat  gas  is  Angularly  affe£ied  by 
the  eleflric  fpark.  Dr.  Auftin d found  that  on 
taking  the  electric  fpark  fucceffively  through 
this  gas  obtained  from  the  acetite  of  potafh 
and  in  confiderable  purity,  the  bulk  of  the  gas 
enlarged  after  every  {hock;  and  by  continuing  it 
from  200  to  300  times  it  expanded  to  nearly 
twice  its  original  dimenfions.  Examined  after 
this  expanfion  it  was  found  however  to  be  as 
inflammable  as  before,  and  by  the  teft  of  lime- 
water  no  carbonic  acid  was  generated.  Dr.  A. 
concludes  that  the  enlargement  can  be  only 
owing  to  the  produ£tion  of  a quantity  of  hydro- 
gen, and  makes  fome  inferences  from  the  ex- 
periments, the  moft  important  of  which  are 
fhewm  to  be  improbable  by  the  fubfequent  ex- 
periments of  Mr.  Henry  on  the  fame  fubjedt. 
Mr.  H.  fully  fhews e that  there  is  no  definition 
of  carbon  by  this  procefs,  fince  the  fame  quan- 
tity of  carbonic  acid  is  produced  by  oxygen  after 
ele£trization  of  the  carburetted  hydrogen  as  be- 
fore it.  He  likewife  makes  it  appear  probable 
that  the  wrater  held  in  folution  by  the  gas  is  the 
chief  agent  in  this  expanfion,  fince  when  the 
gas  is  carefully  dried  by  cauftic  alkali,  no  con- 
tinuance of  the  ele&rization  will  enlarge  it  be- 
yond one-fixth  of  its  bulk,  but  when  the  contaft 
of  water  is  admitted,  it  expands  to  double  its 
bulk  as  before.  Perhaps  the  difeovery  of  the 
carbonous  oxyd  will  explain  this  fa£t.  It  is  not 
improbable  that  the  carbon  of  the  gas  may  unite 
with  the  oxygen  of  the  water  and  produce  the 
gafeous  carbonous  oxyd,  which  would  not  give 
any  precipitate  writh  lime-water,  and  the  bulk 
of  the  gas  would  be  enlarged  both  by  the  car- 
bonous oxyd  and  by  the  hydrogen  of  the  water, 
and  alfo  by  the  expanfion  which  the  hydrogen 
of  the  hydrocarbonat  would  undergo  after  the 
carbon  was  feparated  from  it : whilft  the  ahtual 
quantity  of  carbon  remaining  the  fame,  as  much 
carbonic  acid  would  be  generated  by  compleat 
, 8vo.  rol.  ii.  * Phil.  Tranf.  vol.  80.  * Ibid  v«l  87. 
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oxygenation  as  before  ele<Trization.  It  is  not 
improbable  that  the  affinities  of  carbon  and  hy- 
drogen for  oxygen  are  fo  nearly  equal  that  either 
fubftance  is  able  partially  to  decompofe  the  com- 
pleat  oxyd  of  the  other.  Thus  we  find  (as 
mentioned  in  the  laft  article)  that  when  hydro- 
gen and  carbonic  acid  are  together  fubje£ted  to 
electricity,  the  carbonic  acid  is  partially  decom- 
pofed,  and  the  product  is  carbonous  oxyd  and 
water;  and  on  the  other  hand  when  water  is 
decompofed  by  red-hot  charcoal,  a part  of  the 
product  is  alfo  the  carbonous  oxyd. 

The  above  expanfion  of  carburetted  hydrogen 
by  ele<£lricity  Mr.  Henry  has  {hewn  not  to  de- 
pend on  any  oxydation  of  the  contiguous 
metals,  fince  it  takes  place  in  a clofe-ftopped 
glafs  with  condu<Etors  of  gold,  as  well  as  with 
oxydable  conductors,  and  over  mercury. 

All  the  hydrocarbonates  are  fatal  to  animal 
life,  not  merely  (as  appears)  from  its  unfitnefs 
.to  fupport  life,  but  alfo  from  fomething  pofi- 
.tively  noxious,  fince  animals  immerfed  in  it 
die  fooner  than  they  would  from  .the  mere  in- 
terruption of  refpiration. 

This  gas  is  fcarcely,  if  at  all,  abforbed  by 
water,  but  by  long  (landing  over  it,  it  lofes  a 
portion  of  its  combuftible  matter.  This  laft 
however  only  applies  to  the  hydrocarbonats  that 
require  at  leaft  their  own  bulk  of  oxygen  to  fa- 
turate  them,  and  efpecially  to  that  variety  called 
the  olefiant  gas. 

Simple  carburetted  hydrogen,  when  fet  fire 
to,  burns  at  the  furface  in  contacft  with  the  air 
with  a blue  flame  with  red  edges,  but  when 
mixed  with  any  of  the  olefiant  gas  the  flame 
becomes  much  more  brilliant,  and  refembling 
that  of  oil.  Applied  to  the  purpofes  of  illumi- 
nation, the  hydrocarbonat  from  coal,  from  lamp 
oil,  or  from  wax,  conveyed  through  an  Argand’s 
lamp  produces  full  as  much  light  as  when  fup- 
plied  with  oil  in  the  ufual  way/  and  thefe  are 
alfo  the  gafles  that  appear  to  contain  olefiant 
gas,  and  an  excels  of  carbonous  matter  relatively 


to  their  bulk.  The  brightnefs  of  the  flame  is 
much  diminiffied  when  thefe  gafles  have  been 
long  kept  over  water,  and  hence  for  illumina- 
tion they  ftiould  be  ufed  as  foon  as  prepared. 

The  combuftion  of  carburetted  hydrogen  is 
much  more  brilliant  in  oxygen  gas.  If  burnt 
in  a veflel  of  oxygen  in  the  way  that  hydrogen  is 
burnt  for  the  production  of  water  ( described 
under  that  article J,  the  products  may  be  collected, 
and  are  found  to  be  (imply  carbonic  acid  and 
water. 

If  any  of  the  hydrocarbonats  is  mixed  with 
fufficient  oxygen  gas,  and  fired  by  the  eleeftric 
fpark,  or  any  other  method,  an  explofion  takes 
place  more  or  lefs  violent  according  to  the  quan- 
tity of  carbonous  matter  condenfed  in  the  hy- 
drocarbonat; and  the  remaining  gas  confifts  of 
carbonic  acid,  together  with  any  unconfirmed 
gas,  or  excels  of  oxygen,  whilft  the  water  con- 
denfes  in  drops  on  the  fides  of  the  jar.  A (ingle 
cubic  inch  of  the  mixed  airs  is  generally  as 
much  as  can  be  conveniently  managed  at  a 
(ingle  explofion;  and  when  any  quantity  of  ole- 
fiant gas  is  prefent,  even  this  quantity  will 
endanger  very  thick  glafs  jars.  A very  vivid 
red  flame  appears  at  the  moment  of  explofion, 
and  a great  enlargement  takes  place  in  an  in- 
ftant,  after  which  the  bulk  is  fuddenly  reduced 
to  much  lefs  than  the  original  quantity.  When 
the  carbonic  acid  is  abforbed,  if  the  gafles  have 
been  properly  proportioned,  no  gafeous  refidue 
is  left,  except  accidental  impurities. 

The  following  table  will  (hew  the  relative, 
quantities  of  pure  oxygen  required  to  faturate 
ioo  cubic  inches  of  mod  of  the  known  hydro- 
carbonats, but  (as  was  mentioned  in  the  begin- 
ning of  this  article)  though  the  quantity  of 
carbon  contained  in  each  gas  may  be  readily 
eftimated,  no  information  is  given  3S  to  the 
(late  of  the  carbon,  that  is,  whether  as  Ample 
carbon  or  carbonous  oxyd,  and  therefore  the 
a£tual  quantity  of  hydrogen  is  equally  un- 
known. 
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Table. 


One  Hundred  cubic  inches 
of  Inflammable  Air 
(freed  from  Carbonic  Acid). 


Oxygen  Carbo- 
requircd  nic  Acid 
for  produc’d 
figura- 
tion. 


Pure  Oxygen  Hydro*  Specific 
Carbon,  not  gen  Gravity, 

employ’d  which  Air 

for  the  the  re-  being 

Carbo-  fidue  of  i.ooo. 

nic  Acid.  Oxygen 
would 
faturate. 


Authority, 


from  Marfhes  - - 

m 

cub. inch  .cub.inth.  grains,  cub.inch.  cub.inch. 

150.  724=  9-4  77-6  155-2 

Berthollet 

— — Silk  - - - 

- 

- 

150. 

88.4=  1 1.5 

6l.6 

123.2 

Ditto 

Sugar  - - - 

- 

- 

IOO. 

80.  = 10.4 

20. 

40. 

Ditto 

Charcoal  - - 

- 

- 

138.1 

59.5=  7.74 

78.6 

157.2 

Ditto 

— - -■  D°  in  another  experim'. 
D° 

75- 

do. 

35-  = 4-55 

25. 

50. 

Ditto 

Henry 

D°  .... 

- 

• 

66. 

40.  = 5.2 

26. 

52.  473 

Cruikfhank 

— — Olive  Oil  - - 

- 

- 

132.6 

121.  = 15.73 

n. 6 

23.2 

Berthollet 

Lamp  Oil 

- 

- 

190. 

124.  = 16.12 

66. 

132. 

Henry 

Oak  Wood 

- 

- 

54- 

33.  = 4-3 

21. 

42. 

Ditto 

Dried  Peat 

- 

- 

68. 

43.  = 5.6 

25- 

50. 

Ditto 

■ Cannel  Coal  - 

- 

. 

170. 

100.  = 13. 

7°. 

140. 

Ditto 

Wax  - - - 

- 

• 

220. 

137.  = 17.81 

8.3- 

166. 

Ditto 

Olefiant  Gas  - 

- 

- 

284. 

179.  = 23.27 

105. 

210.  .905 

Ditto 

Camphor  - - 

- 

- 

176. 

1 16.  = 15.08 

60. 

120.  .660 

Cruikfhank 

Ether  - - - 

170. 

108.  = 14.04 

62. 

124.  .660 

Ditto 

Alcohol  - - 

- 

• 

118. 

75.  = 9.75 

43- 

86. 

Ditto 

Hydrogen  pafled  repeatedly 
over  red-hot  Charcoal  - 

49- 

21.  = 2.73 

28. 

S6- 

Deformes 

from  Ether  - - - - 

Alcohol  - - - 

Gafeou  s Oxyd  of  Carbon 

} 

equal  for  equal  weights  of 
the  inflammable  gaffes 
40.  92.  = 11  96 

.968 

Dutch  Chem; 
Cruikfhank 

In  the  above  table  it  is  to  be  obferved  that 
Berthollet5  eftimates  the  quantity  of  oxygen  re- 
quired to  form  a given  quantity  of  carbonic  acid 
gas  to  be  equal  in  bulk  to  the  acid  gas,  which  is 
nearly  accurate;  and  alfo  that  two  parts  in  bulk 
of  hydrogen  with  one  of  oxygen  are  the  pro- 
portions in  which  thefe  fubftances  unite  when 
they  form  water.  Hence  taking  the  gas  from 
fugar  as  an  example,  i oo  meafures  of  it  require 
ioo  meafures  of  oxygen  gas,  80  of  which  are 
fuppofed  to  go  to  form  the  80  meafures  of  car- 
bonic acid  actually  produced,  leaving  a refidue 
of  20  meafures  of  oxygen,  the  whole  of  which 
is  fuppofed  to  be  employed  in  forming  the  water 
that  appears  after  combuftion,  and  which  there- 
fore mull  have  required  twice  the  bulk,  or  40 
meafures,  of  hydrogen  gas. 

An  infpe&ion  of  the  above  table  will  {hew  fo 
great  a variety  in  the  proportional  refults  as  to 
make  it  evident  that  no  cafual  difference  in  the 
drying  of  die  gaffes,  or  accidental  circumftances 
Can  account  for  it,  For,  taking  only  the  two 


firft  columns  (thefe  being  the  regifters  of  a&ual 
experiments  made  by  perfons  on  whofe  fkill  and 
accuracy  much  reliance  is  to  be  placed)  if  there 
exifted  any  uniform  proportion  between  the  car- 
bonous  and  the  hydrogenous  ingredient  in  all  the 
inflammable  gaffes,  a fimilar  proportion  would 
be  found  between  the  refpedfive  quantities  of 
oxygen  neceffary  to  faturation,  and  the  carbonic 
acid  produced  ; fo  that  taking  the  gas  from 
fugar  as  a general  flandard  of  comparifon,  the 
gas  from  marfhes  fhould  yield  120  cubic  inches 
inftead  of  72.4:  the  gas  from  filk  120  inftead 
of  88.4:  from  charcoal,  no,  inftead  of  59.5: 
from  olive  oil,  106,  inftead  of  121:  from  lamp 
oil,  152,  inftead  of  124  : from  wax,  176,  inftead 
of  137,  Sec.  Still  however  fome  tolerable 
agreement  is  found  between  fome  of  the  hydro- 
carbonats  that  are  obtained  from  fome  of  the 
molt  inflammable  of  the  vegetable  fubftances  or 
products  as  from  coal,  camphor,  ether,  &c. 
For  taking  the  gas  from  coal  as  a ftandard  of 
comparifon,  the  gas  from  wax  fliould  yield  by' 
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oxygen  130,  inftead  of  137:  from  camphor, 
104,  inftead  of  116:  from  ether,  100,  inftead 
of  108:  and  from  alcohol,  69,  inftead  of  75, 
which  numbers  correfpond  tolerably  well. 

Another  circunntance  to  be  particularly  re- 
marked is  the  very  variable  quantity  of  hydro- 
gen which  is  inferred  from  the  refidues,  a 
quantity  which  fometimes  far  exceeds  and  fome- 
times  as  far  falls  Ihort  of  100  cubic  inches,  the 
quantity  employed,  and  which  obvioufly  fhews 
fome  great  error  in  the  inferences  drawn  from 
the  experiments.  For,  taking  the  gas  from  coal  as 
an  example,  fuppofing  it  to  anfwer  to  the  gene- 
ral idea  of  a hydrocarbonat,  that  is,  to  confift 
limply  of  hydrogen  gas  holding  carbon  in 
folution,  the  oxygen  required  to  faturate  100 
meafures  is  fuppofed  to  be  divided  into  two 
portions,  one  of  them  amounting  to  100  mea- 
fures, going  to  form  the  carbonic  acid,  and  the 
other  amounting  to  70  meafures,  entering  into 
the  compofition  of  the  water  produced. 

But  70  meafures  of  oxygen  require  for  this 
purpofe  140  meafures  of  hydrogen  of  the  ordi- 
nary denfity,  whereas  the  whole  amount  of  the 
inflammable  gas  is  only  100  meafures,  and 
therefore  the  hydrogen  of  which  it  is  compofed 
muft  be  denfer  than  common  hydrogen  at 
leaft  in  the  proportion  of  14  to  10,  even  ne- 
gle£ting  the  fpace  occupied  by  the  13  grains  of 
charcoal  which  the  gas  is  alfo  proved  to  contain. 
But  if  any  of  the  carbon  exifts  in  the  100  mea- 
fures of  the  inflammable  gas  in  the  ftate  of  the 
gafeous  oxyd  it  muft  of  courfe  occupy  more 
fpace  than  when  as  mere  charcoal,  and  of  courfe 
lefs  fpace  can  be  allowed  to  the  hydrogen,  and  it 
muft  be  ftill  more  condenfed. 

This  condenfation  of  hydrogen  in  the  diftilled 
produ£ls  of  vegetable  inflammables  is  in  itfelf 
.highly  probable,  and  indeed  is  inferred  from  the 
much  higher  fpecific  gravity  of  carburetted 


hydrogen  than  pure  hydrogen  ; but  if  this  con- 
denfation be  allowed  in  fome  hydrocarbonats, 
an  oppofue  Jlate  cannot  be  fuppofed  in  other 
hydrocarbonats,  where  the  fpecific  gravity  is 
equally  great.  Yet  this  inference  muft  follow 
in  thofe  cafes  where  the  quantity  of  hydrogen 
is  inferred  as  above  from  the  refidue  of  oxygen, 
when  it  is  lefs  than  the  original  bulk  of  the  in- 
flammable gas.  Thus  in  the  gas  from  fugar 
the  eftimated  refidue  of  oxygen  is  only  20  cubic- 
inches,  and  therefore  the  hydrogen  which  it 
infers  is  only  40  inches,  whereas  the  quantity 
of  inflammable  gas  actually  ufed  was  the  inches, 
and  therefore  were  this  mode  of  computa- 
tion juft,  this  carburetted  hydrogen  ought  to  be 
rarer  than  common  hydrogen,  in  the  proportion 
of  4 to  10,  a fuppofition  obvioufly  without 
foundation. 

This  part  of  the  difficulty  may  be  obviated 
by  the  very  probable  fuppofition  that  a part  of 
the  gas  confifts  of  the  carbonous  oxyd,  which 
being  mixed  with  carburetted  hydrogen  will 
give  the  fame  general  appearances  on  corn- 
bullion  as  fimple  carburetted  hydrogen,  and 
being  much  heavier,  will  account  for  part  of 
the  great  fpecific  gravity  of  this  kind  of  inflam- 
mable air.  Where  the  calculation  is  merely 
hypothetical,  it  may  eafily  be  fo  arranged  as  to 
fupply  by  arbitrary  quantities  of  charcoal  and 
carbonous  oxyd  all  the  deficiencies  of  the  efti- 
mated hydrogen.  Of  this  the  following  will 
ferve  as  an  example. 

Suppofe  as  in  the  above  inftance  100  cubic 
inches  of  the  gas  from  fugar  require  100  inches 
of  oxygen  for  faturation,  and  produce  80  cubic 
inches  of  carbonic  acid  (which  are  all  the  faBs 
advanced)  then  the  original  100  cubic  inches 
might  be  thus  diftributed,  without  requiring 
either  expanfion  or  condenfation  of  the  hy- 
drogen. 


Inflammable  Air  Oxygen  Carbonic 

from  Sugar  Acid 


cub.  inch.  cub.  inch.  cub.  inch. 

Carbon*  Oxyd  30  with  12.  produce  27.6 
Hydrogen  70  35  Water 

grain* 

Charcoal  6.9  53  53. 


100  100  80.6 


This  mixture  is  of  courfe  quite  arbitrary,  and 
it  is  obvious  that  if  a condenfation  of  the  hy- 
drogen were  fuppofed,  the  proportions  might  be 
varied  and  it  is  likewife  clear  that  no  inflam- 


mable gas  yielding  carbonic  acid  and  water  by 
combuftion  can  be  properly  analyzed  till  the 
quantities  both  of  the  acid  produced,  and  of  th* 
water  are  feparately  eftimated. 
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As  in  the  above  table  much  confidence  may  be 
placed  in  M.  Berthollet’s  experiments , it  may  be 
added  that  on  repeating  them  feveral  times  no 
material  variation  was  found  in  any,  but  in  the 
gas  from  charcoal,  the  quality  of  which  varied 
much  according  to  the  heat  at  which  it  was  pro- 
duced; and  alfo  that  all  the  gaffes  were  kept 
for  fome  days  over  water,  which  is  found  mate- 
rially to  lelfen  the  combuftible  matter  of  thofe 
hydrocarbonats  that  confume  much  oxygen,  be- 
fides  a fmall  addition  of  azotic  air  from  the 
water  itfelf. 

The  oxymuriatic  acid  furnifhes  another  very 
ufeful  method  of  decompofing  and  analyzing  all 
the  hydrocarbonats.  Mr.  Cruiklhank’s  accurate 
and  beautiful  experiments  on  this  fubjedt  are 
highly  inftru&ive. h The  pureft  oxymuriatic 
acid  gas  is  obtained  by  adding  common  muria- 
tic acid  to  the  oxymuriat  of  potaih,  and  it  fhould 
be  ufed  foon  after  it  is  obtained,  for  it  in  fome 
degree  lofes  its  properties  by  keeping.  The 
oxygen  of  this  gas  is  fo  loofely  combined  with 
the  muriatic  acid  that  it  quits  it  when  any  com- 
buftible is  added,  even  without  the  afliftance  of 
tire  eledtric  fpark  or  any  other  ignited  body,  and 
when  added  to  hydrocarbonat  both  the  hydro- 
gen and  the  carbon  are  oxydated,  and  the  pro- 
ducts are  water  and  carbonic  acid,  or  carbonous 
oxyd  as  in  common  combuftion,  together  with 
the  muriatic  acid  gas  now  freed  from  its  oxygen 
and  therefore  copioufly  abforbed  by  water. 

Pure  hydrogen  gas  and  the  oxymuriatic  gas 
were  firft  tried : one  meafure  of  the  former  with 
2 of  the  latter,  mixed  in  a phial  with  a glafs 
ftopper  and  inverted  over  water,  were  fuffered  to 
remain  24  hours.  The  ftopper  being  then 
withdrawn  the  whole  gafeous  contents  were 
abforbed,  and  the  water  rufhed  into  the  phial 
filling  it  entirely  except  about  TV  of  a meafure 
which  was  azotic  gas  and  doubtlefs  an  acciden- 
tal impurity.  From  other  experiments  Mr.  C. 
found  that  2 meafures  of  hydrogen  required  for 
perfeCt  faturation  no  more  than  2.3  meafures  of 
oxymuriatic  gas,  and  hence  as  it  is  eftablifhed 
that  to  produce  water  two  meafures  of  hydrogen 
are  required  to  1 meafure  of  oxygen,  it  follows  that 
the  2.3  meafures  of  oxymuriatic  gas  contain  1 
meafure  of  difpofable  oxygen,  or  that  portion 
which  makes  the  difference  between  fimple 
muriatic  acid  gas  and  oxymuriatic  gas. 

The  different  hydrocarbonats  were  then  tried. 
Into  a bottle  filled  with  and  inverted  over  water 
one  meafure  of  carburetted  hydrogen  from  cam- 
phor well  wafhed,  was  mixed  with  2 of  oxymu- 
riatic  gas.  A flight  cloud  and  trifling  diminu- 


tion were  perceived,  after  which  the  ftopper 
was  put  in  and  the  materials  fuffered  to  remain 
together  for  twenty-four  hours.  When  opened 
under  water  all  the  gas  was  abforbed  except  .43 
of  a meafure,  and  lime  water  reduced  it  to  .34. 
This  refidue  was  (till  inflammable,  but  burned 
with  a lambent  blue  flame  like  the  carbonous 
oxyd.  It  was  proved  to  be  chiefly  carbonous  oxyd 
by  the  large  quantity  of  carbonic  acid  which  it 
yielded  when  fired  with  oxygen,  2 parts  of  it 
with  1 of  oxygen  giving  nolefs  than  1.7  of  car- 
bonic acid. 

In  the  above  experiment  the  mutual  decom- 
pofition  of  the  oxymuriatic  acid  and  the  car- 
buretted hydrogen  produces  no  lefs  than  $four 
new  compounds,  namely,  common  muri- 
atic acid,  by  the  lofs  of  oxygen ; water,  by  the 
union  of  the  oxygen  with  the  hydrogen;  car- 
bonous oxyd  by  the  partial  oxygenation  of  fome 
of  the  carbon ; and  carbonic  acid,  by  the  com- 
pleat  oxygenation  of  the  remainder. 

On  increafing  the  quantity  of  oxymuriatic; 
acid  to  about  four  times  the  quantity  of  the  car- 
buretted hydrogen,  the  whole  of  the  carbon  was 
now  found  compleatly  oxygenated,  and  every 
thing  was  abforbed  by  water  or  lime-water.  The 
produdts  were  therefore  only  muriatic  acid, 
carbonic  acid,  and  water. 

Mr.  Cruikfhank  found  a very  confiderable 
diminution  in  the  quantity  of  carbonic  acid 
produced,  and  of  courfe  of  the  proportion  of  the 
carbonaceous  ingredient  in  the  hydrocarbonats 
from  camphor,  ether,  and  alcohol,  when  they 
had  been  long  kept  over  water  or  agitated  with 
it.  A fimilar  difference  in  the  quantity  of  com- 
buftible matter  was  obferved  by  Dr.  Higgins  in 
the  hydrocarbonat  from  acetite  of  pot-afh,  which, 
renders  it  highly  probable  that  thele  hydrocar- 
bonats hold  in  folution  fomewhat  of  an  oily 
ethereal  vapour,  or  a portion  of  the  true  olefiant 
gas,  which  water  will  abforb.  Mr.  C.  brings 
the  analogy  of  this  ethereal  oily  part  to  the  va- 
pour of  fulphuric  ether.  Dr.  Prieftley  difeo- 
vered  that  when  ether  is  agitated  with  any 
gas  it  greatly  expands  it,  and  when  fhaken  with 
a large  portion  of  oxygen  and  ignited,  a moft 
violent  explofion  follows,  and  the  products  are 
water  with  carbonic  acid  gas.  It  appears  to 
be  the  olefiant  part  of  the  hydrocarbonats  which 
caufes  the  flight  diminution  that  fome  of  them 
immediately  experience  when  mixed  with  the 
oxymuriatic  gas;  for  with  pure  olefiant  gas  the 
diminution  is  great  and  immediate,  as  will  be 
afterwards  mentioned. 

Thefe  experiments  were  repeated  byMr.Cruiiv* 
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fhank,  with  the  difference  of  producing  the 
combuftion  immediately  by  ignition  with  the 
ele&ric  fpark.  A remarkable  variety  in  the 
refults  was,  a copious  depofition  of  charcoal  in 
fine  powder  after  the  explofion  of  the  oxymuri- 
atic  and  the  carburetted  hydrogen  gaffes,  when 
the  latter  was  not  lefs  than  half  the  bulk  of  the 
former.  In  this  cafe  there  was  not  fufficient 
oxymuriatic  gas  for  faturation,  but  when  more 
was  ufed,  no  charcoal  was  depofited,  but,  as 
might  be  expected,  a greater  quantity  of  car- 
bonic acid  was  produced.  This  feparation  of 
charcoal  only  took  place  with  the  hydrocarbo- 
nats  from  camphor,  ether,  or  alcohol,  and  with 
thefe  this  property  was  loft,  by  being  kept  fome 
time  over  water. 

Carburetted  hydrogen  is  readily  decompofed 
by  fulphur,  which  unites  with  the  hydrogen  by 
ftronger  affinity,  forming  fulphuretted  hydrogen 
gas,  whilft  the  carbon  is  precipitated  as  a black 
footy  powder. 

Dr.  Auftin  appears  the  firft  chemift  who  re- 
marked this  fadf.  His  experiment  is  the  fol- 
lowing h.  Some  fulphur  and  carburetted  hy- 
drogen were  introduced  into  a glafs  retort,  pre- 
vioufly  filled  with,  and  inverted  over  mercury. 
Heat  was  applied  till  the  fulphur  fublimed.  The 
melted  fulphur  foon  became  red,  and  as  it  fub- 
limed it  became  quite  black,  and  the  retort  was 
covered  with  a black  cruft.  One-third  of  the 
air  was  by  this  procefs  converted  into  hepatic 
air.  The  remaining  two-thirds  was  carburetted 
hydrogen  not  fenfibly  altered.  Sulphur  and 
charcoal  alfo  when  heated  together  in  a glafs  re- 
tort, yield  much  hepatic  (fulphuretted  hydrogen) 
air. 

The  Dutch  chemifts  already  mentioned  alfo 
found,  that  when  carburetted  hydrogen  was 
paffed  over  fulphur  kept  red-hot  in  the  middle 
of  an  earthen  tube,  the  produdfs  were  fulphu- 
retted hydrogen  gas,  and  the  remaining  fulphur 
in  the  tube  was  blackened  by  the  admixture  of 
charcoal. 

Carburetted  hydrogen  has  never  yet  been  ap- 
plied to  any  common  ufe  out  of  the  laboratory, 
but  that  which  is  procured  by  the  diftillation  of 
coal,  is  obtained  fo  cheaply,  and  gives  fo  much 
light  and  heat  when  burnt  in  a proper  apparatus, 
that  it  has  been  propofed  to  be  employed  for 
various  purpofes  of  illumination,,  to  which  it 
feems  admirably  adapted. 

Olefiant  Gas. 

The  difcovery  of  this  very  fingular  fpecies  of 
carburetted  hydrogen  is  due  to  fome  affociated 
chemifts  of  Amiterdam,  (Van  Deiman,  Van 
‘•Phil.  Tranf.  vol,  8o,  p.  66. 


Trooftwyck,  Bondt,  and  Lawrenburgh)  in  their 
examination  of  the  different  products  of  the 
diftillation  of  fulphuric  acid  and  alcohol,  in  the 
preparation  of  ether.  k This  gas  appears  in  the 
common  procefs  when  the  diftillation  is  nearly 
at  an  end,  but  where  the  only  objedf  is  to  ob- 
tain it  and  not  the  ether,  the  fame  proportions 
between  the  acid  and  alcohol  fhould  be  ufed, 
as  may  be  fuppofed  to  be  left  in  the  retort 
when  the  common  diftillation  of  ether  is  nearly 
at  an  end,  that  is,  about  four  to  one  ; therefore, 
mix  gradually  four  parts  of  concentrated  ful- 
phuric acid  with  one  of  alcohol,  and  put  them 
in  fmall  bottles  ufed  for  procuring  gaffes.  Much 
heat  is  given  out  on  mixture,  and  the  colour 
becomes  brown,  w-hich  gradually  darkens  to  a 
perfedt  black  when  heat  is  applied.  The  gas 
in  queftion  begins  to  be  given  out  at  the  mo- 
ment of  mixture,  and  proceeds  fo  rapidly  that 
the  heat  mult  be  difcontinued  as  foon  as  the 
materials  are  become  quite  black,  or  they  would 
boil  over  out  of  the  veffel. 

The  gas  thus  obtained  is  mixed  with  a little 
fulphureous  acid  which  appears  to  be  more  or 
lefs  in  quantity  according  to  the  greater  or  lefs 
heat  ufed.  It  is  feparated  by  waffling  the  gas 
with  water  containing  a little  ammonia,  after 
which  the  olefiant  gas  remains  pure.  No  car- 
bonic acid  is  ever  found  mixed,  with  it,  though 
this  might  be  expedted  from  the  nature  of  the 
materials. 

Pure  olefiant  gas  thus  prepared  is  nearly  as 
heavy  as  common  air,  being  lighter  only  in  the 
proportion  of  905  to  1000.  Its  fmell  is  very 
fetid  after  the  fulphureous  acid  and  ethereous 
vapour  are  feparated  by  waffling.  It  burns  with 
a denfe  flame  like  that  of  any  of  the  oils  or  re- 
fins. Water  neither  abforbs  nor  alters  it  in  any 
degree.  None  of  the  common  re-agents,  gaffes, 
acids,  or  alkalies,  produce  any  notable  effedt 
except  the  oxymuriatic  acid,  but  the  phenomena 
that  occur  with  this- acid  are  very  curious. 

Equal  parts  of  olefiant  gas  and  oxymuriatic 
acid  gas  being  mixed'  together,  a-  diminution  of 
bulk  takes  place  immediately,  a vifible  vapour 
fills  the  veffel,  heat  is  given  out  very  fenfible  to 
the  hand,  and  at  the  fame  time  feveral  drops  of 
a thick  pearl-coloured  oil  appear  at  the  furface 
of  the  water  over  which  the  mixture  is  made, 
and  immediately  finks  to  the  bottom. 

It  is  from  this  fingular  production  of  denfe  oil 
with  the  oxymuriatic  acid,  that,  this  fpecies  of 
carburetted  hydrogen  has  acquired  the  name  of 
olefiant.  When  the  oxymuriatic  and  olefiant 
gaffes  are  mixed  in  about  the  proportion  of  four 

* Journ.  de  Phyf,  tom.  40. 
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to  three,  the  whole  is  abfoTbed  excepting  acci- 
dental impurities,  and  is  converted  into  oil  4and 
water,  perhaps  with  a fmall  portion  of  carbonic 
acid. 

The  oil  generated  in  the  procefs  is  heavier 
than  water,  whitifh,  and  femi-tranfparent.  By 
keeping,  it  becomes  yellow  and  limpid.  Its 
fmell  is  highly  fragrant  and  penetrating ; its 
tafte,  fomewhat  fweet.  It  is  partially  foluble 
in  water,  imparting  its  peculiar  fmell.  Cauftic 
potafh  has  no  effect  on  the  oil,  but  only  fe- 
parates  the  fmall  portion  of  oxymuriatic  acid 
adhering  to  it,  and  renders  it  more  fragrant. 

Olefiant  gas  appears  from  many  experiments 
to  have  no  other  conftituent  parts  than  carbon 
and  hydrogen,  like  the  purer  of  the  common 
hydrocarbonats,  but  contains  a much  larger 
portion  of  thefe  ingredients,  at  leaft  of  the  car- 
bon. 

It  is  decompofed  by  fulphur  like  the  other 
hydrocarbonats. 

The  combuftion  of  the  olefiant  gas  offers 
fome  very  curious  experiments.  When  an  ar- 
gand  lamp  is  fupplied  with  it  inftead  of  oil,  the 
flame  exceeds  every  oil  and  other  hydrocarbonat 
in  beauty  and  brilliance.1  When  mixed  with 
oxygen  gas  and  detonated  by  the  eledbric  fpark, 
the  explofion  is  much  more  violent  than  with 
the  common  carburetted  hydrogen.  Mr.  Henry 
found  that  only  .03  of  a cubic  inch  with  .17  of 
oxygen  fhattered  a ftrong  glafs  tube-,  and  a 
Volta’s  eudiometer  iof  an  inch  thick,  was  burfl 
with  lefs  than  a cubic  inch  of  the  mixed  gaffes. 
It  is  to  be  obferved  in  all  thefe  experimertts, 
that  when  only  a fmall  proportion  of  oxygen  is 
ufed,  much  lefs  than  is  required  for  faturation, 
the  eleftric  fpark  only  kindles  the  mixture,  but 
without  any  confiderable  explofion. 

Another  lingular  property  of  the  olefiant  gas 
is  the  copious  depofition  of  charcoal  when  it  is 
mixed  with  a fmall  quantity  of  oxygen,  or  with 
the  oxymuriatic  acid,  and  kindled.  When  the 
mixture  of  the  oxymuriatic  and  olefiant  gaffes 
is  made,  two  or  three  minutes  elapfe  before  the 
oil  is  entirely  precipitated,  but  if  this  mixture  is 
immediately  fet  fire  to,  no  oil  is  produced,  but 
inftead,  fo  copious  a depofition  of  charcoal 
takes  place,  that  the  whole  veffel  is  obfcured, 
as  if  it  had  been  covered  with  lamp-black.  No 
more  of  the  acid  gas  fhould  be  ufed  than  is  ne- 
ccffary  to  produce  the  combuftion. 

A fimilar  depofition  of  carbon  takes  place  when 
olefiant  gas  is  mixed  with  juft  enough  of  oxygen 
to  begin  the  combuftion.  The  Dutch  chemifts1" 
found  that  it  required  two  parts  of  oxygen  to 


i-y  of  the  olefiant  gas,  and  when  this  was  fet 
fire  to  by  the  electric  fpark,  the  veffel  was  en- 
tirely blackened  with  the  precipitated  carbon. 

It  fhould  feem  in  the  above  experiments  that 
the  carbon  is  feparated  by  the  abftra£tion  of  a 
fmall  portion  of  the  hydrogen,  and  that  this 
latter  alone  undergoes  combuftion  with  the  oxy- 
gen when  in  fmall  quantity,  for  on  examining 
the  refidue  no  carbonic  acid  was  produced. 
What  is  very  remarkable,  the  refidue,  notwith- 
ftanding  the  depofition  of  charcoal,  and  the 
combuftion  of  a portion  of  the  original  gas, 
actually  expands  to  nearly  double  its  former 
bulk,  fo  that  in  making  the  experiment  in  a 
clofe  bottle,  when  it  is  afterwards  opened  under 
water,  gas  rufhes  out  from  the  veffel  inftead  of 
water  flowing  in,  as  might  have  been  expefted. 
The  refidue  is  now  no  longer  olefiant,  but  by 
combuftion  and  other  properties,  it  appears  to 
be  little  elfe  than  a pure  carburetted  hydrogen 
of  the  common  fpecies. 

The  great  excefs  of  carbon  condenfed  in  ole- 
fiant gas  is  alfo  fhewn  by  the  large  quantity  of 
oxygen  required  to  faturate  it,  and  the  quan- 
tity of  carbonic  acid  produced.  Each  of  thefe 
(as  expreffed  in  the  table)  is  much  larger  than 
for  every  other  fpecies  of  carburetted  hydro- 
gen. 

Olefiant  gas  was  procured  by  the  Dutch  che- 
mifts  not  only  from  alcohol  and  fulphuric  acid, 
but  by  tranfmitting  the  vapour  of  alcohol  or  of 
ether  through  a red-hot  earthen  tube.  The 
olefiant  gas,  however,  appears  not  to  be  quite 
fo  pure,  but  to  be  mixed  with  common  car- 
buretted hydrogen.  A very  unaccountable  cir- 
cumftance  occurred  in  thefe  experiments.  The 
earthen  tube  was  a tobacco  pipe,  which  yielded 
olefiant  gas  very  readily,  but  on  fubftituting  a 
glafs  tube,  the  gas  was  no  longer  olefiant,  but 
fimple  carburetted  hydrogen.  This  difference 
did  not  depend  on  the  porofity  of  the  earthen 
tube,  for  when  this  latter  was  enclofed  in  a glafs 
tube  the  gas  was  as  before,  olefiant ; and  even 
when  the  glafs  tube  was  filled  with  alumine, 
or  with  filex,  and  the  vapour  fent  through,  the 
fame  effect  was  produced,  but  when  filled  with 
lime,  carbonat  of  lime,  or  magnefia,  the  gas  was 
fimple  carburetted  hydrogen. 

The  whole  of  this  very  interefting  part  of 
chemiftry  requires  further  examination,  efpeci- 
ally  with  a view  to  the  formation  of  the  oxyd 
of  carbon,  and  by  fuch  enquiries  we  may  hope 
to  gain  fome  knowledge  of  the  great  natural 
proceffes  that  are  going  on  in  the  animal  and 
vegetable  kingdoms. 


* Ann.  Chim.  tom.  43.  p.  127. 
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CARBON  AT  OF  AMMONIA  ; or  Sal  Vo- 
latile. Salt  of  Hartjloorn. 

This,  which  is  the  belt  known  of  all  the  am- 
moniacal  falts,  is  always  prepared  for  general 
ul'e  by  fublimation,  and.  is  found  in  the  {hops  in 
white  compadb  irregular  lumps,  fomewhat  re- 
fembling  white  fugar  in  appearance,  and  of  a 
ftriated  texture. 

Carbonat  of  ammonia  is  a copious  produfl  of 
the  diflillation  of  all  animal  fubftances,  almoft 
without  exception,  but  is  actually  prepared 
chiefly  from  the  refufe  part  of  horn,  ivory, 
bone,  &c.  Being  volatile  in  a moderate 
heat  it  foon  rifes  in  diflillation,  and  is  found 
diflolved  in  the  natural  watery  and  oily  liquors 
which  all'o  diftil  from  thefe  fubftances.  It  is 
not  from  thefe  however  that  this  concrete  fait 
is  immediately  prepared,  but  the  impure  am- 
moniacal  oily  liquor  is  firft  converted  into  the 
Muriat  of  Ammonia  (which  fee)  from  which 
the  pure  carbonat  is  prepared  by  the  following 
procefs.  Mix  together  two  parts  of  dry  chalk 
with  one  part  of  dry  muriated  ammonia  in 
powder,  put  them  into  a proper  fubliming  vef- 
fel,  with  the  joinings  carefully  clofed,  and  ap- 
ply a gradual  heat.  A double  decompofition 
now  takes  place,  the  carbonic  acid  of  the  chalk 
.unites  with  the  ammonia,  and  both  rife  together 
as  a denfe  white  fume,  which  concretes  on  the 
upper  and  cooler  veflel,  and  gradually  collects 
into  a hard  tough  cake.  The  refidue  left  in  the 
heated  veflel  is  the  lime  of  the  chalk,  united  to 
excefs  with  the  muriatic  acid  of  the  muriated 
ammonia,  and  is  readily  diflolved  out  by  hot 
water.  The  fublimation  fhould  be  continued 
till  the  lower  veflel  is  red-hot.  The  fame  Ample 
procefs  (with  a fuitable  apparatus)  appears  to 
be  adopted  for  the  preparation  of  this  fait  in 
the  large  way,  as  for  experiment. 

The  carbonats  of  potafh  or  foda  will  anfwer 
as  well  as  chalk  in  the  procefs,  and  lefs  of  them 
will  fufhce,  but  there  can  be  no  detriment  to 
the  product  by  uflng  an  excefs  of  the  carbonat 
which  is  to  decompofe  the  ammoniacal  muriat. 

The  folid  carbonat  of  ammonia  thus  prepared 
if  it  is  dry,  frefh  made,  or  has  been  kept  from 
the  air,  is  very  hard,  tough,  ftriated,  white,  and 
femitranfparent.  Its  fmell  is  extremely  pun- 
gent, and  to  moft  perfons  agreeable,  but  when 
too  copioufly  fnuffed  up  it  excoriates  the  nof- 
trils.  Its  tafte  is  faline  and  ftimujating,  but 
with  a fenfe  of  coldnefs.  It  gives  the  ufual 
-lefts  of  alkalies  with  vegetable  colours.  It  is 
very  foluble  in  water,  and  conflderable  cold  is 
produced  during  the  folution.  At  the  heat  of 


55°  water  diflolves  half  its  weight,  and  its  Own 
weight  at  120°,  but  with  conftant  lofs  by  vola- 
tilization. When  a folution  of  this  fait  is  kept 
at  a fcalding  heat,  a part  of  the  alkali  is  con- 
ftantly  flying  off,  and  the  folid  fait  thrown  upon 
a hot  fhovel  is  totally  volatile  in  denfe  white 
fumes.  Even  at  the  temperature  of  the  air  a 
conftant  lofs  is  going  on,  as  may  readily  be  per- 
ceived both  by  the  lofs  of  weight,  and  by  the 
penetrating  ammoniacal  fcent  with  which  a 
fmall  portion  of  the  fait  expofed  to  the  air  will 
fill  a large  room. 

It  is  extremely  difficult  to  procure  this  fait 
in  any  tolerably  regular  cryftalline  form.  Some- 
times by  fublimation  fmall  needled  cryftals  are 
found  cluftered  together,  but  confufed.  The 
common  method  of  faturating  water  when  hot, 
and  cryftallizing  on  cooling,  will  fcarcely  anfwer 
on  account  of  the  rapid  volatilization  of  the 
fait  from  a hot  folution. 

Bergman  fucceeded  in  obtaining  tolerably  re- 
gular cryftals  a,  by  taking  a concentrated  folu- 
tion at  a moderate  temperature,  faturating  it 
with  carbonic  acid,  and  expofing  it  to  intenfe 
cold.  The  cryftals,  though  not  quite  Regular, 
appeared  to  be  octahedrons  with  truncated 
angles. 

Carbonat  of  ammonia  contains  fo  much  car- 
bonic acid  that  it  effervefees  moft  vehemently 
with  any  of  the  acids. 

This  fait  may  be  formed  by  a direCt  union 
of  its  two  conftituents  in  their  gafeous  form, 
which  furnifties  a very  beautiful  experiment. 
Fill  a jar  half  full  of  carbonic  acid  gas  over 
mercury,  then  throw  up  as  much  ammoniacal 
gas,  alfo  over  mercury,  and  as  foon  as  the  gafles 
come  together  a very  denfe  white  cloud  of  pre- 
cipitated carbonat  of  ammonia  fills  the  jar, 
which  is  immediately  followed  by  a total  ab- 
forption  of  the  gafles,  fo  that  if  they  are  pure 
and  properly  proportioned,  the  mercury  rifes 
and  fills  the  jar  compleatly,  leaving  fcarcely  a 
vifible  refidue.  Some  heat  is  given  out  by  this 
fudden  condenfation. 

As  the  ammonia  is  by  much  the  lighted  of 
the  twogaflesjto  produce  the  condenfation  imme- 
diately it  fhould  be  thrown  up  after  the  carbonic 
acid  gas,  and  it  will  of  courfe  rife  through  this 
latter,  mixing  with  it  in  its  paflage.  If  this 
order  is  reverfed,  the  two  gafles  remain  feparate 
for  a while  by  the  difference  of  their  fpecific 
gravities,  and  the  white  cloud  and  condenfation 
Begins  from  the  point  of  contadf  of  the  two,  and 
gradually  fpreads  upwards  and  downwards. 

The  fame  experiment  may  be  varied  without 
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frequiring  a mercurial  apparatus,  by  throwing 
into  any  glafs  receiver  (previoufly  filled  over 
water  with  carbonic  acid  gas),  a dream  of  am- 
moniacal  gas  proceeding  immediately  from  a 
‘mixture  of  quick  lime  and  muriated  ammonia 
in  the  manner  deferibed  under  the  article 
ammonia.  A beautiful  dream  of  denfe  white 
vapour,  which  is  the  precipitated  carbonat  of 
ammonia,  is  feen  to  iflue  from  the  point  where 
the  tube  conveying  the  ammonia  touches  the 
carbonic  acid  gas,  and  to  fall  down  to  the  bot- 
tom of  the  receiver.  At  the  fame  time  an 
abforption  takes  place,  and  the  water  rifes. 

A very  great  variety  is  found  in  the  relative 
proportions  of  carbonic  acid,  ammonia,  and 
water,  in  this  fait,  even  when  the  external  ap- 
pearance is  nearly  the  fame.  Befides,  a very 
confiderable  change  takes  place  by  expofure  to 
air.  If  a quantity  of  the  harded  and  mod 
pungent  frelh  carbonat  of  ammonia  of  the 
drops  (which  is  femitranfparent  and  of  a driated 
or  fibrous  texture)  be  powdered  and  expofed  to 
the  air  on  a {hallow  plate  in-doors  or  without,  a 
very  remarkable  change  begins  to  takes  place  in 
a few  minutes.  A large  portion  of  the  fait  evapo- 
rates, filling  the  room  with  the  pungent  ammo- 
niacal  odour,  and  the  remainder  becomes  of  an 
opake  white,  crumbly  and  very  fo ft,  and  at  lad  per- 
fectly lofes  the  whole  of  its  fmell  and  pungency. 

This  change  is  compleated  in  a few  hours, 
and  the  lofs  of  weight  is  fo  confiderable,  that  by 
danding  for  a night  ioo  grains  will  be  reduced 
to  from  48  to  60,  more  or  lefs,  according  to  the 
quality  of  the  fait  ufed. 

The  nature  of  this  change  and  the  compofi- 
tion  of  thefe  two  kinds  of  carbonated  ammonia 
on  an  average  calculation  will  appear  by  the 
following  experiments.1  For  didinCtion  they 
may  be  termed  the  pungent  and  the  mild  carbonat 
of  ammonia. 

One  hundred  grains  of  the  pungent  fait,  fe- 
leCled  from  a quantity  recently  made  and  very 
drong,  fuperfaturated  with  dilute  muriatic  acid, 
with  due  precaution,  were  found  to  lofe  on  an 
average  about  54  grains  of  carbonic  acid.  An- 
other 100  grains  diffolved  in  water  was  added 
to  muriated  lime,  allowing  an  excefs  of  the 
latter.  A confiderable  effervefcence  took  place 
with  the  immediate  lofs  of  12.5  grains  of  car- 
bonic acid  and  a precipitation  of  carbonated 
lime,  which,  wafhed,  dried,  and  gently  ignited, 
weighed  89.  grains.  Of  thefe  89  grains,  ac- 
cording to  the  known  proportions  of  this  earthy 
fait,  49  grains  were  lime  and  40  grains  were 
carbonic  acid,  very  nearly.  Now  as  there  was 
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a copious  difengagement  of  carbonic  acid,  all 
the  ammonia  with  which  it  was  united  mud 
have  palTed  to  the  muriatic  acid  of  the  de- 
compofed  muriated  lime,  and  none  of  it  volati- 
lized. But  49  grains  of  lime  were  found  to 
have  been  feparated  from  the  muriat,  and  the 
quantity  of  real  muriatic  acid  requifite  to  fatu- 
rate  49  grains  of  lime  is  41.12  grains,  according 
to  the  known  compofition  of  this  fait.  There- 
fore the  quantity  of  ammonia  contained  in  100 
grains  of  the  pungent  carbonat  is  that  which  is 
fufficient  to  convert  41.12  grains  of  "muriatic 
acid  into  muriated  ammonia,  which,  according 
to  Kirwan,  is  about  25.8  grains.  Hence  100 
grains  of  the  recent,  or  pungent  ammoniacal 
carbonat  may  be  reckoned  to  contain  54  grains 
of  carbonic  acid,  25.8  grains  of  pure  ammonia, 
and  20.2  grains  of  water.  It  may  be  added  that 
the  quantity  of  carbonic  acid  loft  by  the  effer- 
vefcence  on  adding  the  carbonat  of  ammonia  to 
the  muriated  lime  is  only  12.5,  which  added  to 
the  40  grains  contained  in  the  carbonat  makes 
up  only  52.5  inftead  of  54,  but  the  remaining 
quantity  of  1 \ of  carbonic  acid  may  well  be  fup- 
pofed  to  be  entangled  with  the  precipitate,  and 
to  be  expelled  during  the  walking  and  ignition. 

The  mild  carbonat  of  ammonia  was  then  in 
the  fame  manner  examined.  It  was  perfectly 
without  feent,  and  weighed  only  49  per  cent, 
of  the  pungent  carbonat  from  which  it  had 
been  procured  by  expofure  to  air  for  twenty-- 
four  hours.  One  hundred  grains  loft  alfo  by 
effervefcence  with  muriatic  acid  on  an  average 
54  grains  of  carbonic  acid,  fo  that  the  quantity 
of  acid  in  equal  weights  of  the  two  fpecies  of 
carbonatS  appears  to  be  very  equal.  On  add- 
ing another  100  grains  to  muriated  lime  a much 
more  violent  effervefcence  took  place  than  in 
the  former  cafe,  with  an  immediate  lofs  of 
26.5  grains.  The  carbonat  of  lime  produced 
was  only  58  grs.  of  which  26  were  carbonic 
acid,  and  32  grs.  were  lime;  which,  eftimating 
as  above,  would  require  26.9  grs.  of  muriatic 
acid,  and  would  indicate  about  16.2  grs.  of  pure 
ammonia  in  the  100  grs.  of  the  mild  carbonat. 
Hence  it  may  be  concluded,  that  100  grs.  of 
this  fpecies  of  carbonat  contain  on  an  average 
about  54  grs.  of  carbonic  acid — 16.2  grs.  of 
ammonia — and  29.8  grs.  of  water. 

The  change  that  takes  place  therefore  when 
the  pungent  carbonat  is  expofed  to  air,  may  be 
probably  explained  in  the  following  way.  All 
the  ammonia  exceeding  that  which  is  contained 
in  the  mild  carbonat  may  be  fuppofed  to  be 
above  the  true  point  of  faturation,  fo  that  trie 
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conBituent  parts  nuy  be  arranged  as  fol- 
lows : — 

One  hundred  parts  of  the  pungent  carbonat 
of  ammonia  contain 

Carbonic  acid  - - - e 4 7 
Ammonia  - - - - 16.2 

Ammonia  in  excefs  - - - 9.6 

Water  -------  20.2 


xoo.o 

When  this  is  reduced  to  50  parts,  and  has 
become  mild  carbonat,  all  the  excefs  of  am- 
monia appears  to  be  volatilized,  and  half  of  the 
faturated  carbonat  of  ammonia,  but  lefs  water 
in  proportion;  and  when  thus  reduced,  the  50 
parts  will  therefore  confiB  of  about 

Carbonic  acid  - - - 27  7 

Ammonia  - - - - 8.1 5 ^ * 

Water  ------  14.9 


50.0 

It  fhould  be  mentioned  that,  according  to  Mr. 
Davy,  the  proportion  of  ammonia  in  the  fub- 
limed  carbonat,  much  depends  on  the  heat  ufed 
in  the  procefs,  independent  of  any  fubfequent 
volatilization.  b 

Carbonat  of  ammonia  precipitates  all  the 
earths  from  their  folutions  in  acids  except  mag- 
nefia,  which  it  only  partially  decompofes,  at- 
tended with  particular  circumltances,  mentioned 
under  carbonat  of  magnfia. 

This  fait  is  very  foluble  in  all  kinds  of  fpirits, 
and  as  readily  rifes  with  them,  as  with  water,  in 
diBillation.  Advantage  is  taken  of  this  property 
in  preparing  many  of  the  ammoniacal  fpirits 
and  compounds  ufed  in  pharmacy. 

The  ufe  of  the  carbonat  of  ammonia  is  chiefly 
medicinal.  The  common  dry  fmelling  falts  for 
the  pocket  confifl:  of  this  fait  a little  fcented. 

CARBONAT  OF  POTASH.  Kohknfaure 
gewnchfalkali}  Germ.  Carbonate  de  Potajfe , Fr. 

Potash.  Pearlash.  Gemeine  Pottafche. 
Calcinirte  Pottafche , Germ.  Salin.  Potajfe , Fr. 

Salt  of  Tartar.  W dnjleinlaugenfalz , Germ. 
Sel  de  Tartre,  Fr. 

In  this  article  we  (hall  firfi  treat  of  the  me- 
thod of  procuring  the  vegetable  fixed  alkali,  and 
the  different  forms  under  which  it  appears  in 
commerce  and  domeftic  ufe,  and  (hall  then 
notice  the  preparation  and  characters  of  that 
neutral  fait  properly  called,  according  to  the  mo- 
dern chemical  nomenclature,  Carbonat  of  Potafo. 

The  vegetable  fixed  alkali  was  fo  named  by 
the  chemiBs  of  the  laft  and  former  ages,  be- 


caufe  it  was  procured  in  large  quantities  ffom 
vegetable  fubftances,  and  was  in  no  cafe  fup- 
poled  to  be  of  mineral  origin.  From  certain 
late  analyfes,  however,  by  Klaproth  and  other 
able  chemifts,  it  has  been  difcovered  to  enter, 
as  an  effential  ingredient,  into  the  compofition 
of  leucite,  lepidolite,  and  a few  other  minerals, 
which  are  by  none  fufpe&ed  of  deriving  their 
origin  from  organized  bodies.  But  though  the 
exiitence  of  potalh  in  a mineral  Bate  has  been 
thus  demonftrated,  yet  it  is  fo  fmall  in  quan- 
tity, and  fo  difficultly  procurable,  that  all  the 
vafl  fupplies  of  this  fubflance  which  civilized 
life  requires,  have  as  yet  been  entirely  obtained 
from  the  combuflion  of  vegetables. 

If  the  woody  or  annual  Items  of  vegetables, 
that  have  grown  in  foils  unimpregnated  with 
common  fait,  after  being  fufficiently  dried  are 
fet  fire  to,  the  watery,  the  refinous,  the  oily,  the 
acid  and  carbonaceous  portions  are  volatilized 
and  diffipated  in  a Bate  of  more  or  lefs  com- 
pleat  decompofition,  and  there  remains  behind 
a reddifh  or  whitifh  powder,  called  ajh  or  ajhes  ; 
confiBing  chiefly  of  the  earthy  and  metallic  in- 
gredients of  the  vegetables,  together  with  a va- 
riable proportion  of  fub-carbonat  of  potafh.  By 
lixiviation  with  hot  or  cold  water  the  alkaline 
part  is  difl'olved  out,  and  this  folution  when 
boiled  down  to  drynefs  leaves  behind  a dark 
brown  faline  mafs,  confiBing  of  the  carbonated 
potafh,  coloured  by  a fmall  portion  of  vegetable 
inflammable  matter;  and  in  this  Bate  it  is  known 
in  the  Englifh  market  by  the  name  of  potafh. 
Calcination  at  a moderate  red  heat  compleatly 
burns  off  the  colouring  particles,  and  the  fait  be- 
comes of  a fpungy  texture,  and  beautiful  bluifh 
white  tinge,  and  is  then  called  pearlafh.  Such 
is  in  general  the  procefs  by  which  the  vegetable 
fixed  alkali  is  feparated  from  the  fubfiances  with 
which  it  is  combined  by  nature,  and  prepared 
for  ufe.  We  fhall  now  proceed  to  deferibe 
more  at  large  the  different  methods  of  extract- 
ing this  fait,  together  with  the  precautions  that 
are  neceflary  to  fecure  the  greatefi  fuccefs. 

The  fimpleB  and  rudefl  preparation  of  potafh 
is  called  ajh-bal/s  in  England,  and  ‘iveed-aj h in 
Ireland.  It  cannot  be  faid  properly  fpeaking  to 
be  an  article  of  commerce,  although  a confider- 
able  quantity  is  annually  made  by  the  peafantry 
of  both  countries,  and  difpofed  of  among  the 
neighbouring  farmers  and  bleachers.  The  ve- 
getable from  which  this  impure  alkali  is  pro- 
duced is  the  common  fern  or  brakes  (Pteris 
aquilina  Lin.)  Many  rough  and  heathy  dif- 
triCts  are  entirely  covered  with  this  plant,  which 
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when  it  has  attained  its  full  growth,  (which 
happens  about  the  middle  of  July)  is  cut  down, 
and  after  being  half-dried  in  the  open  air,  is 
gathered  into  fmall  heaps  and  kindled.  The  com- 
buftion  proceeds  flowly,  being  accompanied  by 
a fmothering  fmoak  and  little  or  no  flame,  till 
the  whole  is  reduced  to  a reddilh  grey  alh:  this 
being  carefully  colle£led  is  fprinkled  with  a 
little  water,  and  then  moulded  by  hand  into 
balls  from  three  to  four  inches  in  diameter, 
which  when  they  have  acquired  a certain  hard- 
nefs  and  folidity  by  drying  in  the  fun,  are  ready 
for  fale.  In  Ireland,  thillles,  docks  and  weeds 
of  all  kinds  are  mixed  with  the  fern,  and  the 
alhes  are  difpofed  of  in  their  loofe  pulverulent 
Hate  without  any  further  preparation.  Accord- 
ing to  Dr.  Home  fern-alhes  contain  about  -j-  of 
their  weight  of  fait,  confifting  principally  of 
fub-carbonat  and  fulphat  of  potalh.  1000  parts 
of  the  plant  cut  in  Auguft,  and  thoroughly 
dried,  afford  36.46  of  alhes,  from  which  are 
obtained  by  lixiviation  4.25  of  fait.  The  com- 
mon Irifh  weed  alhes  have  been  analyzed  by 
Mr.  Kirwan ; and  when  deprived  of  their  water 
by  a red  heat  appear  to  contain  1 part  of  fait 
for  3-5-  parts  of  alh  ; of  this  the  free  alkaline 
portion  however,  as  deduced  from  the  quan- 
tity of  alum  decompofed  by  the  lixivium,  a- 
mounted  only  to  t't  of  the  whole.0 

The  potajh  of  commerce,  or  black  potafi>  as  it 
is  alfo  called,  is  univerfally  procured  from  the 
combultion  of  wood ; and  therefore  its  prepara- 
tion can  only  be  undertaken  with  fuccefs  in 
thofe  uncleared  countries  in  which  are  vail 
natural  forells,  and  where  from  the  badnefs  of 
roads,  and  imperfedlion  of  water  communica- 
tion, the  value  of  timber  is  no  more  than  that  of 
the  labour  employed  in  felling  it.  The  only 
diftrifls  in  Europe  in  which  any  confiderable 
quantity  of  potalh  is  made,  are  the  mountain- 
ous forells  of  Germany,  and  the  extenlive 
woodland  tra£ls  of  Poland  and  Ruflia.  The 
Britilh  market  however  is  principally  fupplied 
from  the  United  States  of  North  America ; a 
country  in  which  from  its  rapid  increafe  in 
population  there  is  a conllant  demand  for 
cleared  land  for  the  purpofe  of  cultivation,  and 
therefore  timber  is  looked  upon  rather  as  an 
incumbrance,  than  as  contributing  either  to  the 
beauty  or  value  of  the  ground  on  which  it 
(lands. 

The  moft  walleful  method-of  manufacturing 
potalh  is  that  praClifed  by  the  Americans, 
partly  on  account  of  the  ignorance  of  the 
people  by  whom  it  is  prepared,  but  principally 


becaufe  this  employment  is  carried  on  rather  as 
fubfidiary  to  clearing  the  ground  for  agricul- 
ture than  on  its  own  account.  The  wood  as 
foon  as  it  is  fufEciently  dry  to  burn  is  collected 
into  large  piles  and  reduced  to  alhes : thefe 
allies  are  then  put  into  a wooden  ciltern,  with 
a plug  at  the  bottom  of  one  of  the  Tides,  and  a 
quantity  of  water  fuflicient  to  make  a Itrong 
lixivium  is  added  : after  Handing  for  an  hour  or 
two  the  plug  is  withdrawn,  and  the  water 
holding  the  potalh  in  folution  runs  clear  out, 
leaving  the  earthy  part  Hill  impregnated  with 
alkali  in  the  ciltern.  This  lolution  is  then  eva- 
porated to  drynefs  in  iron  pans,  and  haftily 
fufed  into  compaCl  reddilh  brown  maffes  of 
femi-caultic  potalh,  in  which  Hate  it  is  lit  for 
the  market. 

In  Germany,  where  potalh  is  prepared  on  its 
own  account,  and  where  a greater  degree  of 
intelligence  and  economy  is  praClifed,  the  gene- 
ral method  of  proceeding  is  the  fame  as  that 
juft  mentioned,  but  with  fuch  variations  as, 
though  feemingly  of  little  confequence,  materi- 
ally augment  the  produce  of  alkali.  Care  is 
taken  to  fele£l  fuch  kinds  of  wood  as  are  the 
richell  in  potalh  •,  the  combultion  is  flower,  and 
of  courfe  the  temperature  lower,  in  confequence 
of  which  but  little  is  loll  by  volatilization ; the 
lixiviations  of  the  alhes  are  alfo  judicioufly  re- 
peated till  the  whole  of  the  alkali  is  extracted. 

The  common  Ruffian  potalh  is  the  impureft 
of  all,  containing  nearly  one  half  its  weight  of 
earth,  and  is  thus  prepared.  A large  pit  is  dug, 
into  which  are  thrown  burning  brands  and  the 
fmaller  extremities  of  the  branches,  and  when 
the  whole  is  well  kindled  the  pit  is  filled  up 
with  logs  and  other  large  pieces,  which  at  length, 
though  very  flowly,  are  reduced  to  alhes.  The 
coarfer  part  of  the  alhes  is  then  feparated  by 
fifting  from  the  finer;  all  the  alkali  that  it  con- 
tains is  procured  by  lixiviation ; and  this  liquor 
is  mixed  with  the  remainder  of  the  alhes  and 
worked  together  into  a kind  of  pafte.  A pile  is 
then  built  of  alternate  fhrata  of  wood  and  this 
pafte,  and  being  fet  fire  to  the  whole  is  again  re- 
duced to  alhes.  This  procefs  is  repeated  feveral 
times  till  the  alhes  begin  to  clot  and  become  hard : 
the  moft  compa£l  pieces  being  then  fele£led, 
are  packed  up  for  fale  without  any  further  pre- 
paration ; the  reft  are  lixiviated  and  boiled 
down  to  drynefs  in  the  ufual  manner. 

In  fome  parts  of  Germany  potalh  is  made 
from  the  empyreumatic  acid  produced  from 
wood  while  burning  into  charcoal.  By  means 
of  wide  tubes  of  plate  iron  or  copper,  the  acid 
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and  oil  which  would  otherwise  be  diflipated  in 
the  air,  are  collected ; the  watery  acid  part 
being  then  feparated  from  the  other  is  evapo- 
rated to  drynefs,  and  the  refiduum  by  calcina- 
tion affords  an  afh  extremely  rich  in  alkali. 

Potafh  is  converted  into  a much  purer  alkaline 
fait  called  pearl-aj): , by  calcination  : for  this  pur- 
pofe,  tire  potafh  broken  into  moderately  fmall 
pieces,  is  fpread  on  the  floor  of  a reverberatory 
furnace,  and  being  then  kept  red-hot,  but  not 
melted,  for  an  hour  or  two,  ftirring  it  occafion- 
ally  with  an  iron  rake,  all  the  carbonaceous  and 
colouring  particles  are  burnt  out,  and  there 
remains  behind  a dry  porous  and  confiderably 
cauftic  fait,  extremely  deliquefcent,  and  from 
its  bluifh  white  colour  called  pearlafh. 

It  has  been  thought  of  confequence  in  an 
economical  point  of  view  to  difeover  the  pvo- 


100  parts  Alhes 

Fumitory  21.9 

Wormwood  9*74 

Common  Nettle  10.67 

Sow  Thiftle  (Sonchus  arvens.)  10.5 
Fern  5. 

Ditto  3.64 

Stalks  of  Maize  8.86 

Ditto  Sunflower  5.72 

Buckwheat 

Vine  branches  3.4 

Heath 

Foxglove  (digitalis  purpurea) 


Celandine  (Chelidonium  maj.) 
Nightfliade  (atropa  bellad.) 


Boxwood  2.9 

Sallow  2.8 

Elm  2.3 

Oak  1.3 

Beech  0.58 

Afpen  1.22 

Fir  0.34 


Upon  a curfory  infpe&ion  of  this  table,  it 
appears  that  the  fucculent  herbaceous  plants 
afford  a prodigioufly  greater  proportion  both  of 
alhes  and  fait  than  the  fhrubby  and  ligneous 
ones  : it  is  however  to  be  obferved,  that  they 
were  all  reduced  to  a ftate  of  perfect  drynefs 
before  being  weighed,  a circunrftance  which 
will  in  a confiderable  degree  account  for  the  ap- 
parently greater  quantity  of  fait  contained  in  the 
fucculent  vegetables;  for  while  the  different 
kinds  of  wood  will  not  lofe  more  than  j or  even 


portion  of  potafh  afforded  by  different  vegetables, 
and  many  analyfes  have  been  made  for  this  pur- 
pofe.  They  are  however  for  the  molt  part 
unfatisfadlory,  as  they  indicate  only  the  quan- 
tity of  foluble  faline  ingredients  without  diftin— 
guifhing  the  carbonated  potafh  from  the  fulphat 
and  muriat  of  potafh  with  which  it  is  always 
mixed.  The  mofl  remarkable  and  interefting 
refults  will  be  found  in  the  following  table, 
part  of  which  were  afeertained  by  a Com- 
mittee of  the  Academy  of  Sciences  at  Paris, 
and  the  reft  by  the  chemifts  whofe  names  are 
fubjoined.  100  parts  of  each  different  fpecies, 
being  previoufly  thoroughly  dried,  were  burned 
by  an  open  fire  to  allies,  which,  after  being 
weighed,  were  accurately  lixiviated  till  all  their 
faline  contents  were  extracted. 


Salt 

Salt  from 
100  parts  of 
Aihes 

7-9 

3<5. 

Wiegleb 

7-3 

74.S 

Ditto 

2-5 

23*4 

Pertuis 

1.96 

18.6 

Ditto 

0.62 

12.5 

Ditto 

0.42 

1 1.6 

Home 

i-75 

19.7 

2. 

34-9 

33-3 

V auquelin 

0.55 

16.2 

Wildenheim 

33- 

Leipfic  econ.  Soc, 

25. 

Ditto 

27. 

Ditto 

0.22 

7.8 

0.28 

10.2 

°*39 

16.6 

0.15 

1 1. 1 

0.12 

21.9 

0.07 

6.1 

0.04 

13.2 

of  their  weight  in  drying,  fumitory  will  pro- 
bably lofe  rg?  or  even  more.  It  is  not  likely 
therefore  that  it  can  be  ever  worth  while,  as 
fome  fpeculators  have  propofed,  to  be  at  the  ex- 
pence of  cultivating  fumitory  and  wormwood, 
for  the  fake  of  the  potafh  contained  in  their 
afhes. 

It  has  been  a fubjeft  of  enquiry  among  che- 
mifts whether  the  potafh  that  is  obtained  by  the 
combuftion  of  vegetables  is  formed  by  this  pro- 
cefs,  or  only  difengaged  by  the  decompofition  of 
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thofe  acids  and  other  vegetable  principles  with 
which  it  was  before  united.  The  former  of 
thele  opinions  was  adopted  by  Macquer  and 
many  of  the  eminent  chemids  that  were  con- 
temporary with  him,  but  of  late  the  latter  opi- 
nion has  been  rather  gaining  ground.  The 
principal  arguments  by  which  Macquer  fupports 
his  theory  are  the  following11,  id.  When  vege- 
tables, capable  of  furnifhing  much  alkali  by 
combuftion,  are  decompofed  in  any  other  way, 
no  other  faline  produfts  are  obtained  but  liquid 
and  concrete  acids.  2d.  When  vegetables  are 
deprived  of  part  of  their  acid  by  diftillation  the 
produce  of  alkali  is  proportionately  diminifhed. 
3d.  The  concrete  acids,  as  tartar,  are  changed 
into  alkali  merely  by  combuftion.  4th.  Plants 
that  yield  little  or  no  acid  in  diftillation  are 
found  after  combuftion  to  afford  little  alkali. 
5th.  Plants,  which  when  burnt  without  any 
previous  alteration,  yield  much  alkali,  if  burnt 
after  undergoing  compleat  putrefaction,  afford 
no  alkali. 

In  oppofition  however  to  thefe  arguments  it 
may  be  obferved,  1 ft.  That  the  native  concrete 
oxalic,  and  tartareous  acids  have  been  proved  by 
modern  chemifts  to  be  acidulae,  or  in  other 
words  to  contain  potafh,  though  not  to  full  fa- 
turation  of  the  acid  ; and  therefore  when  thefe 
are  burnt  no  converfion  of  acid  into  alkali  takes 
place,  but  the  acid  being  volatilized  and  decom- 
pofed, the  alkali  which  was  before  mafked  by 
an  excefs  of  acid  now  exhibits  itfelf  with  its 
ufual  characters.  2d.  Nitre  eompleatly  formed 
has  been  difcovered  in  borrage  and  fome  other 
vegetables,  therefore  the  exiftence  of  potafh,  the 
alkaline  bafe  of  this  fait,  is  alfo  neceflarily  de- 
monftrated.  3d.  Vauquelin  has  fhown  that  the 
fap  of  trees  contains  acetite  of  potafh.  4th.  The 
reafon  why  vegetables  after  putrefaCtion  yield 
no  alkali  is  that  their  texture  being  broken  up 
by  this  procefs,  the  water  which  drains  through 
the  mafs  diffolves  and  carries  off  all  the  alkali 
which  they  at  firfl  contained.  This  is  manifeft 
from  the  experiments  of  Mr.  Birch, e who,  by 
evaporating  and  calcining  24  wine-pipes,  or 
3024  gallons,  of  dunghill  water,  procured 
1048  lbs.  of  good  marketable  potafh.  V/e  may 
therefore  conclude  that  the  potafh  obtained  by 
lixiviation  of  vegetable  afhes  pre-exifled  in  the 
plants  themfelves : whether  this  alkali  is  formed 
during  the  procefs  of  vegetation,  or  is  only 
imbibed  from  the  earth  by  the  roots,  is  not  as 
yet  determined. 

The  varieties  of  pot  and  pearlafh  which  are 

11  Macquer’s  Chem.  Die.  art.  Alkali. 

1 Examin.  of  the  alkaline  fu 


found  in  the  market  would  no  doubt  on  analyfis 
afford  very  different  refults,  efpecially  with  re- 
gard to  the  proportions  of  earthy  matter,  of 
water,  and  of  carbonic  acid  ; it  is  not  therefore 
perhaps  much  to  be  regretted  that  we  poffefs  no 
very  accurate  analyfis  of  any  of  them.  The 
only  one  on  which  any  reliance  can  be  placed  is 
of  Dantzic  pearlafh  by  Mr.  Kirwan, f in  which 
are  contained  about 

60.3  potafh 

22.4  carbonic  acid 
7.2  water 

8.7  fulphated  potafh 
0 7 muriated  ditto 
0.7  earth 


100.0 


But  if  the  analyfis  of  any  particular  fample  i» 
of  little  confequence  generally  fpeaking,  yet  it 
is  of  confiderable  inportance  both  to  the  manu- 
facturer and  chemift,  to  be  in  poffeffion  of  a 
compendious  and  accurate  mode  of  afeertaining 
the  contents  of  the  various  kinds  of  pot  and 
pearlafh,  in  order  to  make  advantageous  pur- 
chafes  of  articles,  in  the  intrinfic  worth  of  which 
there  is  fo  much  difference. 

Mr.  Kirwan ’s  method  of  calculating  the  pro- 
portion of  real  alkali,  in  a given  lixivium,  from 
the  quantity  of  precipitate  which  it  throws 
down  from  a folution  of  alum,  is  by  no  means 
to  be  depended  on;  for  in  the  fir  ft  place  the 
filex  and  alumine  which  the  lixivium  holds  in 
folution,  are  precipitated  together  with  the 
earth  of  alum ; and  in  the  fecond  place  fo  much 
depends  on  the  degree  of  wafhing  and  calcina- 
tion which  the  precipitate  is  made  to  undergo, 
that  from  equal  quantities  of  alum  it  is  fcarcely 
poffible  to  obtain  equal  weights  of  earth.  Upon 
the  whole  therefore  perhaps  the  bed  mode  of 
proceeding  is  as  follows. 

id.  Prepare  a diluted  fulphuric  acid  by  mix- 
ing the  concentrated  acid,  called  oil  of  vitriol, 
with  three  times  its  bulk  of  diddled  water. 
Then  ted  it  by  taking  100  grains  of  the  diluted 
acid,  and  adding  muriat  of  barytes  as  long  as  any 
precipitate  falls  down.  The  fulphat  of  barytes 
thus  prepared  when  wafhed  with  cold  water,  and 
dried  at  a low  red  heat,  contains  33.3  per  cent,  of 
fulphuric  acid,  hence  the  real  acid  in  any  quan- 
tity of  the  diluted  acid  is  readily  afcertai'ned. 

2d.  Pulverize  500  grains  of  the  alkali  under 
examination,  and  digeft  it  in  warm  water,  add- 
ing frefh  portions  of  this  fluid  as  long  as  any 

c Phil,  tranf.  for  1780,  p. 
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thing  is  dilTolved.  Then  put  all  the  folutions 
together,  and  drop  in  the  tefted  fulphuric  acid 
from  a vial  containing  a known  weight  of  the 
fame,  till  the  flighteft  polfible  excefs  of  acid  is 
indicated  by  a paper  tinged  with  litmus.  After 
this,  heat  the  mixture  to  expel  all  the  carbonic 
acid,  and  if  the  liquor  changes  turmeric  paper 
add  a few  drops  more  of  fulphuric  acid  till  it 
ceafcs  to  (how  an  excefs  of  alkali.  Now  weigh 
the  vial  of  fulphuric  acid,  and  thus  afcertain 
how  much  has  been  expended  in  faturating  the 
alkali,  and  for  every  ioo  parts  of  real  acid  (as 
previoufly  determined  by  muriat  of  barytes)  thus 
employed,  fet  down  121.2  of  pure  potafh.  The 
alkali  being  the  part  which  gives  value  to  the 
■whole,  this  is  all  the  examination  which  in  or- 
dinary cafes  is  required,  but  if  the  analyfis  is  to 
be  carried  further — 

3d.  Take  500  grains  more  of  the  alkali,  dif- 
folve  it  in  boiling  water  and  pour  the  folution 
into  a flalk ; then  place  the  flafk  and  a vial  con- 
taining from  two  to  three  ounces  of  pure  nitric 
acid  into  one  fcale  of  an  accurate  balance  and 
equipcife  them.  Afterwards  add  the  acid  by 
degrees  to  the  alkali  as  long  as  any  effervef- 
cence  takes  place,  and  the  lofs  of  weight  indi- 
cates the  amount  of  carbonic  acid.  The  folution 
will  now  probably  cryftallize,  a fufficient  quan- 
tity of  water  is  therefore  to  be  added  in  order 
to  dilfolve  the  cryftals,  and  nitrat  of  barytes  is 
to  be  dropped  in  fo  long  as  any  precipitate 
takes  place.  100  parts  of  the  dried  lulphat  of 
barytes  thus  procured  indicate  73.6  of  fulphated 
potalh.  This  being  removed,  add  to  the  clear 
liquor  nitrat  of  filver  till  it  ceafes  to  be  decom- 
pofed.  100  parts  of  muriated  filver  Ihow  41.34 
of  muriated  potalh.  Thus  the  faline  contents 
are  all  of  them  afcertained,  viz.  potalh,  carbonic 
acid,  fulphat  aqd  muriat  of  potalh.  The  earthy 
part  is  fhown  in  the  infoluble  refidue,  No.  2, 
and  in  the  precipitate  which  falls  down  on 
boiling  the  alkaline  liquor  after  its  faturation 
with  fulphuric  acid.  If  any  fulphur  is  contained 
in  the  alkali,  as  is  the  cafe  with  the  black  pot- 
alh, this  will  fall  down  together  with  the  earth 
upon  faturation  with  fulphuric  acid,  and  is  fepa- 
rated  from  the  earth  by  a red  heat. 

Having  now  treated  of  the  impure  fubcar- 
bonats  of  potalh  we  lhall  conclude  this  article 
with  an  account  of  the  purer  fubcarbonats  and 
the  perfeft  carbonat  of  potalh. 

The  molt  important  of  the  purer  fubcarbonats 
is  fait  of  tartar,  which  is  prepared  in  the  wine 
countries  in  confiderable  quantity,  and  is  the 
kind  generally  ufed  in  medicine.  The  lees  of 
wine  and  the  tartar  that  is  depofited  on  the  fides 


of  the  calks  are  put  into  fmall  bags  about  a foot 
long,  and  fubjected  to  a ftrong  prelfure  in  order 
to  fqueeze  out  all  the  wine  which  is  difpofed  of 
to  the  brandy  diftillers  •,  the  contents  of  the  bags 
being  carefully  taken  out,  without  breaking,  form 
mall'es  like  loaves,  which  are  dried  in  the  fun, 
and  then,  piled  up  in  a furnace  with  alternate 
llrata  of  charcoal.  The  fire  being  kindled,  and 
the  draft  properly  regulated,  the  acid  and  in- 
flammable matter  of  the  tartar  is  burned  off 
without  fufing  the  alkaline  part;  when  the  pro- 
cefs  therefore  is  linilhed,  the  loaves  remain  of 
nearly  the  fame  fize  as  before,  but  very  porous 
and  perfe&ly  white.  Being  then  broken  into 
pieces  they  are  dilTolved  in  hot  water,  and  the 
clear  lixivium  being  evaporated  to  drynefs  and 
then  flightly  calcined  is  fit  for  fale.  2-j-  parts  of 
tartar  yield  one  of  fait  of  tartar. 

A more  expeditious  but  lefs  economical  way 
of  procuring  fait  of  tartar  is  to  mix  equal  parts 
of  crude  tartar  and  nitre,  and  projett  the  mix- 
ture into  a red  hot  crucible.  A rapid  deflagra- 
tion takes  place,  the  nitric  acid,  and  the  com- 
bultible  parts  of  the  tartar  mutually  decompofe 
each  other,  and  there  remains  behind  the  alka- 
line bafe  of  each  united  with  fome  carbonic 
acid.  This  preparation  is  called  •white  flux, 
nitre  fixed  by  tartar , extemporaneous  potafo. 

The  perfe&ly  faturated  carbonat  of  potalh  has 
not  been  known  to  chemifts  longer  than  the 
time  of  Bergman.  It  may  be  prepared  in  two 
ways:  the  firft,  which  was  difcovered  by  Ber- 
thollet,  is  as  follows.  Take  equal  parts  of  fait 
of  tartar  and  carbonat  of  ammonia,  dilfolve  the 
whole  in  warm  water,  then  pour  the  folution 
into  a retort,  and  proceed  to  flow  diftillation ; 
the  potalh  having  a Itronger  affinity  for  carbonic 
acid  than  ammonia  has,  deprives  this  latter  of 
its  acid,  and  in  confequence  ammoniacal  vapour 
is  given  out  in  great  quantity  : when  this  ceafes, 
the  contents  of  the  retort  are  to  be  poured  into 
a convenient  veflfel,  where,  by  refrigeration,  a 
copious  depofition  of  cryftallized  carbonat  of 
potalh  will  take  place. 

The  other  method,  and  that  which  is  gene- 
rally praftifed,  is  to  put  a folution  of  fait  of  tar- 
tar into  an  apparatus  for  impregnating  water 
with  carbonic  acid,  and  then  to  throw  in  this 
acid  till  the  alkali  is  quite  faturated,  and  refufes 
to  take  up  any  more;  on  opening  the  barrel,  it 
will  be  found  lined  with  large  cryftals  of  carbo- 
nated potalh. 

The  form  of  its  cryftals  is  that  of  a tetrahe- 
dral rhomboid  with  dihedral  fummits.  It 
requires  for  its  folution  about  4 parts  by  weight 
of  cold  water,  but  diflolves  in  £ of  its  weight 
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of  boiling  water:  a considerable  abforption  of 
caloric  takes  place  during  its  folution.  It  is 
hardly  at  all  foluble  in  cold  alcohol,  and  requires 
above  2oo  parts  of  this  fluid  when  boiling  for 
its  compleat  folution. 

It  has  been  analyfed  both  by  Bergman  and 
Pelletier : each  of  thefe  chemifts  agrees  in  the 
proportion  of  alkali,  but  they  differ  materially 
in  their  eftimation  of  the  water,  and  carbonic 
acid. 

Bergman  Pelletier 
48  48  potafh 

20  43  carbonic  acid 

32  9 water 


100 


100 


The  tafte  of  this  fait  is  cool  and  frefh  with 
hardly  any  of  the  alkaline  flavour;  on  which  ac- 
count, and  becaufe  it  is  fully  faturated  with 
carbonic  acid,  it  is  greatly  preferable  to  com- 
mon fait  of  tartar  in  the  compofftion  of  effer- 
vefcing  drafts,  and  for  other  medical  purpofes. 
It  is  neither  efflorefcent  nor  deliquefcent  in  the 
air.  It  is  decompofable  with  abftra£tion  of  its 
acid  by  barytes,  and  lime,  and  ftrontian,  and 
with  abftrattion  of  its  alkali  by  all  the  mineral, 
and  almoft  all  the  vegetable  acids. 

The  ufes  of  potafh  are  innumerable.  It  is 
confumed  in  the  greateft  quantities  by  foap- 
boilers,  bleachers,  and  glafs-makers.  In  the 
laboratory  it  is  in  conftant  and  indifpenfable 
fervice. 

CARBONAT  OF  SODA.  Carbonate  de 
Sonde , Fr.  Kohlenfaure  mineralifche  gewachfal- 
kali , Germ. 

Kelp.  Soude  de  Varechy  Fr.  Barilla.  Na- 
tron. 

This  fait  is  found  to  exift  both  in  the  mineral 
and  vegetable  kingdoms  of  nature.  When  mine- 
ral, it  is  met  with  either  diflolved  in  the  water 
of  certain  hot  fprings,  as  thofe  of  Carlfbad  in 
Bohemia,  and  Rykum  in  Iceland,  or  of  certain 
lakes,  as  the  natron  lakes  of  Egypt  and  Hun- 
gary; or  it  occurs  in  the  ftate  of  a folid  fait  as 
the  faflil  natron  of  Tripoli,  called  Trona. — 
In  the  vegetable  kingdom  carbonat  of  foda  has 
been  proved  to  exift  ready  formed  in  the  falfola 
foda,  and  in  all  probability  is  contained  in  all 
thofe  fucculent  faline  plants  that  grow  in  places 
impregnated  with  muriat  of  foda.  In  order  to 
fupply  the  vaft  demands  for  carbonated  foda  it 
is  procured  from  both  the  fources  above-men- 
tioned by  procefles  which  we  fhall  now  relate, 
beginning  with  the  mineral  foda. 

• Phil.  Tranf.  lxi.  p.367 


There  are  two  varieties  of  mineral  foda,  the 
ftriated  and  the  compaft.  The  ftriated  has 
hitherto  been  procured  only  from  Africa.  It  is 
found  in  the  province  of  Sukena,  between  Tri- 
poli and  Fezzan,  forming  a very  thin  ftratum 
juft  below  the  furface  of  the  foil : it  is  of  a ftri- 
ated cryftalline  texture  refembling  ftriated  gyp- 
fum,  and  from  fome  fpecimens  defcribed  by 
Dr.  D.  Monro, a the  ftratum  (which  does  not 
exceed  an  inch  in  thicknefs)  is  in  contact  both 
above  and  below  with  common  fait.  From  the 
account  of  Mr.  Bagge,  however,  it  appears  that 
the  natron  diftri£t  is  at  a confiderable  diftance 
from  the  fait  mines,  and  the  analyfis  of  this  fub- 
ftance  by  Klaproth  exhibits  no  trace  of  muriatic 
acid  in  its  compofftion.  It  is  collefted  to  the 
amount  of  fome  hundred  tons  annually,  but 
fcarcely  ever  finds  its  way  to  the  European 
markets.  It  is  chara&eriftic  of  the  ftriated  foda 
that  its  cryftals  inftead  of  efflorefcing  as  this 
fait  ufually  does,  remain  permanent  in  the  air, 
a circumftance  that  is  to  be  attributed  to  the 
comparatively  fmall  quantity  of  water  of  cryf- 
tallization  that  it  contains,  and  to  the  compleat 
faturation  of  its  alkaline  bafe  by  carbonic  acid. 
Common  carbonated  foda  confifts  of 
22  foda 

16  carbonic  acid 
62  water 

100 


whereas  the  trona,  according  to  an  accurate 
analyfis  of  it  by  Klaproth,b  confifts  of 

37  foda 

38  carbonic  acid 
22.5  water 

2.5  fulphated  foda 

100.0 


The  compaft  mineral  foda  or  natron,  although 
contained  in  the  waters  of  feveral  fprings  and 
lakes,  is  procured  in  quantity  only  from  Egypt 
and  Hungary.  The  Egyptian  natron  lakes,  fix 
in  number,  are  fituated  in  a barren  valley,  called 
Bahr-bela-ma,  about  thirty  miles  weftward  of 
the  Delta.  During  three  months  in  the  year 
they  are  fupplied  with  water  from  copious 
fprings  that  burft  out  from  the  weftern  fide  of 
the  valley,  but  as  they  receive  no  water  during 
the  reft  of  the  year  fome  of  the  fmaller  and 
fhalloweft  ones  are  generally  dried  up  during 
the  fummer.  The  foil  confifts  of  calcareous 
rock  mixed  with  gypfum,  and  for  the  moft  part 
* Analyt.  E1T.  ii.  p.  63. 
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covered  over  with  fand.  The  falts  contained 
in  thefe  lakes  are  muriat  and  carbonat  of  foda, 
and  it  is  remarkable  that  the  proportions  of  thefe 
two  not  only  vary  in  the  different  lakes  but  in 
different  parts  of  the  fame  lake,  fo  much  fo  that 
the  cryftalline  depofits  at  that  extremity  of  the 
lake  which  is  the  {hallowed,  and  in  which  rulhes 
grow,  are  principally  carbonat  of  foda,  while 
.thofe  formed  at  the  oppofite  extremity  are  al- 
rnoffc  entirely  common  fait.  The  lakes  are  fur- 
rounded  with  a band,  fome  yards  in  breadth,  of 
faline  efHorefcences,  but  the  principal  accumu- 
lations of  fait  are  in  the  water  at  a little  diftance 
from  the  bank.  The  natron  appears  to  be 
formed  by  the  flow  mutual  decompofition  of  the 
lime-ftone  and  common  fait  affifted  by  the 
rulhes,  up  the  Tides  of  which  the  natron  rifes  by 
the  force  of  efflorefcence : when  the  rufhes  thus 
Incrufted  are  broken  by  the  wind,  the  foda  on 
their  furface  affumes  its  proper  quantity  of 
water,  and  forms  a confufedly  cryftallized  ftra- 
tum  of  the  thicknefs  of  from  one  to  twelve  inches, 
according  as  the  weather  and  other  circumftan- 
ces  are  more  or  lefs  favourable  to  its  production. 
In  moft  of  the  lakes  the  depofition  of  natron 
takes  place  only  at  certain  periods,  in  the  inter- 
vals of  which  cryftals  of  common  fait  are  pro- 
duced fo  that  the  faline  maffes  which  are  dug 
out,  efpecially  in  thofe  parts  that  have  been  long 
undifturbed,  prefent  alternate  ftrata  of  muriat 
and  carbonat  of  foda.  The  efHorefcences  on 
the  fhore  of  the  lakes,  and  the  detached  cryftals 
that  form  in  abundance  at  the  water’s  edge  are 
mixed  with  a much  fmaller  quantity  of  common 
fait  than  the  more  compact  maffes,  thefe  latter 
however  being  rather  more  convenient  to  carry, 
and  being  procured  with  lead  trouble  are  con- 
ftantly  preferred,  and  as  no  fubfequent  purifica- 
tion is  had  recourfe  to,  the  natron  of  Egypt  is 
by  no  means  fo  valuable  as  it  might  eafily  be 
made.  It  is  chiefly  exported  to  Greece  and 
other  parts  of  Turkey,  to  Venice,  to  France, 
and  Britain. c 

The  natron  lakes  in  Hungary,  like  moft  of 
the  natural  advantages  of  that  rich  country,  are 
in  a ftate  of  exceffive  negledf : the  only  ones 
that  are  put  to  any  ufe  are  four  that  lie  between 
Dobritzin  and  Grofwaradin.  Thefe  in  the 
winter  feafon,  when  full  of  water,  are  from  one 
to  two  miles  in  circumference,  but  by  the  mid- 
dle of  April  or  the  beginning  of  May  they  are 
generally  dried  up,  except  fome  pits  that  have 
been  funk  by  art  below  the  general  level.  In  a 
few  days  after  the  water  has.  difappeared,  the 
whole  furface  of  the  cavity  becomes  white  with 


faline  efHorefcences  of  natron  mixed  with  a little 
fulphat  of  foda:  thefe  being  removed,  a frefli 
incruftation  is  formed  in  three  or  four  days,  and 
continues  to  be:  renewed  with  equal  rapidity 
during  the  whole  dry  feafon  of  the  year.  A 
very  heavy  fhower  is  fufficient  to  fill  the  lakes, 
but  in  a day  or  two  they  are  dry  again,  fo  that 
no  confiderable  interruption  is  experienced  till 
the  latter  end  of  Odtober;  by  this  time  the 
water  in  the  pits  is  fully  faturated  with  natron, 
a confiderable  proportion  of  which  cryftallizes 
during  the  firft  frofts  of  autumn,  and  thus 
finifhes  the  harveft  of  the  year,  for  after  this 
the  rains  fet  in,  and  the  lakes  continue  full  of 
water  till  the  enfuing  fpring.  The  foil  is  a ftiff 
blue  clay  covered  by  a white  calcareous  fand,. 
and  is  probably  impregnated  with  fait  as  the  fal- 
fola  and  other  fucculent  faline  vegetables  flourifli 
here  in  great  abundance.d  The  Hungarian  as- 
well  as  the  Egyptian  natron  feems  to  be  brought 
into  commerce  without  undergoing  any  prepa- 
ration, as  it  appears  in  pulverulent  maffes  of  a 
dirty  grey  colour.  The  Hungarian  natron  has 
been  analyfed  by  Lampadius,  and  the  Egyptian, 
by  Klaproth, c with  the  following  refults. 

Egyptian  Hungarian 

natron  natron 

32.6  — 14.2  Carbonat  of  Soda 

20.8  — 9.2  Sulphat  of  Soda 

15.  — 22.4  Muriat  of  Soda 

31.6  — 45.  Water 

9.2  Earthy  refidue 


100.0 


— 100.0 


By  far  the  greater  part  however  of  the  fodk 
that  is  employed  is  of  vegetable  origin,  and  like 
potafh,  is  procured  from  the  combuftion  of 
plants.  While  the  vegetables  that  grow  in 
common  foil  yield  potaffi,  thofe  which  flourifli 
in  fait  water,  or  on  the  fea  fhore,  or  wherever 
the  ground  is  ftrongly  impregnated  with  fait 
yield  foda.  Of  vegetable  foda  there  are  two 
varieties,  namely,  barilla  and  kelp  j the  former 
being  made  from  the  plants  of  the  genera  falfola, 
falicornia,  &c.  that  grow  on  the  fea  fhore,  the 
latter  being  the  produce  of  fuci  and  other 
marine  plants. 

The  belt  barilla  is  made  from  the  falfola  foda, 
which  is  an  objeft  of  extenfive  and  fedulous 
cultivation  to  the  Spaniards,  on  the  fhore  of  the 
Mediterranean,  efpecially  in  the  vicinity  of  Ali- 
cant.  It  is  fown  in  light  low  foils  that  are  em- 
banked on  the  fide  next  the  fea,  and  furnifhed 
with  flood-gates,  by  which  the  fait  water  may 
be  let  in  occafionally.  In  autumn  when  the 


• Memoirs  f\ij  1’Egypte.  4 Jour,  des  Mines,  No.  3 p.  * Analyt.  EiT.  ii.  p.  60. 


CAR 


CAR 


( 267  ) 


feeds  are  ripe,  the  crop  is  cut  down  and  dried ; 
the  feeds  are  rubbed  out,  and  the  reft  of  the 
plant  is  burnt  in  very  fimple  furnaces,  the  tem- 
perature of  which  is  juft  high  enough  to  caufe 
the  afhes  to  enter  into  a ftate  of  femifufion,  and 
concrete  into  compact  cellular  maffes.  The 
moft  efteemed  variety  of  this  fait  is  called  fweet 
barilla ; it  is  of  a greyifh  blue  colour,  and  is 
covered  over  with  a faline  efflorefcence  when 
expofed  for  a time  to  the  air : it  is  exceedingly 
hard,  and  when  applied  to  the  tongue  difcovers 
a fharp  pungent  alkaline  flavour. 

We  poffel's  an  interefting  analyfis  of  the  fal- 
fola  foda  by  Vauquelin  :f  a remarkable  quantity 
of  azot  enters  into  the  compofition  of  this  vege- 
table, thus  giving  it  a ftriking  analogy  to  animal 
matter.  500  parts  of  the  recent  plant  when 
carefully  burnt  afford  oil  and  ammonia,  and 
pruflic  acid,  and  leave  behind  10©  parts  of 
afhes.  500  grains  of  the  allies  when  carefully 
lixiviated  afford  113  grs.  of  muriated  foda,  and 
159  grs.  of  cryftallized  (68  grs.  of  dry)  carbonat 
of  foda,  the  infoluble  refidue  confifts  of  204  grs. 
carbonated  magnefia,  and  100  grs.  of  fand  and 
oxyd  of  iron  j to  which  are  to  be  added  23  grs.  of 
water  not  as  a neceffary  but  an  accidental  part, 
and  therefore  fubjedl  to  confiderable  variation. 

The  Alicant  barilla  being  compofed  of  the 
fame  falfola  foda,  contaminated  in  fome  degree 
with  weeds  and  other  impurities  that  are  un- 
avoidable where  a large  quantity  of  materials 
is  operated  on,  ought  to  bear  a confiderable  re- 
femblance  in  its  analyfis  to  that  of  falfola  foda 
juft  mentioned.  Mr.  KirwanS  has  examined 
the  component  parts  of  fweet  barilla,  but  unfor- 
tunately we  are  not  able  to  trace  the  fmalleft 
fimilarity  between  the  refults  of  his  analyfis  and 
that  of  Vauquelin:  according  to  him  a pound 
troy  of  barilla  contains 


f842 

Dry  cauftic  foda 

I2I9S  270 

ditto  impure 

(.127 

ditto  mixed  with  muriated  foda 

125 

Sulphat  of  foda 

70 

Muriat  of  foda 

960 

Carbonic  acid 

542.86 

Lime 

127 

Magnefia 

i3I*23 

Alumine 

249.58 

Silex 

20 

Unexamined  earth 

861.32 

Charcoal 

4306.49 

*453-51 

Water 

57<5o.oo 

A minute  examination  however  into  the  ex- 
periments upon  which  the  above  proportions  are 
founded  will  difeover  fome  inconfiftencies  which 
forbid  us  to  place  an  implicit  reliance  on  them. 
Thefe  we  fhall  mention,  not  with  a view  to  de- 
preciate the  well  earned  reputation  of  Mr.  K, 
but  to  fhow  the  neceflity  of  a further  examina- 
tion into  a fubjeft  fo  intimately  connected  with 
fome  of  our  moft  important  manufactures.  It 
appears  from  Mr.  K’s  experiments  that  of  the 
whole  5760  grs.  of  barilla,  2857  were  foluble  in 
Water,  the  infoluble  refidue  when  reduced  to  the 
fame  apparent  drynefs  as  the  original  barilla, 
amounting  to  2903  grs.  or  fomewhat  more  than 
one  half.  Now  480  grs.  (or  one  ounce)  of  the 
entire  barilla  when  treated  with  muriatic  acid 
loft  80  grs.  of  carbonic  acid,  therefore  the  whole 
quantity  of  carbonic  acid  in  a pound  of  barilla 
= 80  X 12  = 960  grs.  But  480  grs.  of  the 
infoluble  refidue  yielded  by  the  fame  treatment 
125.5  grs>  °f  carbonic  acid,  and  as  the  whole 
quantity  of  this  amounted  to  fomething  more 
than  6 ounces,  the  total  amount  of  carbonic 
acid  in  the  refidue  isf^z:  125. 5x6=  753  grs. 
Hence  960  grs.  — 753  = 207  grs.  indicate  the 
quantity  of  carbonic  acid  contained  in  the  foluble' 
part  of  the  barilla.  But  207  grs.  of  carbonic  acid 
indicate  only  491.6  of  dry,  or  1293  grs-  °f  cryf- 
tallized, carbonat  of  foda,  and  it  is  not  probable 
that  the  foda  contained  in  the  barilla  was  very 
cauftic,  fince  Mr.  K.  obtained  cryftals  from  the; 
lixivium  without,  as  appears,  taking  any  mea- 
fures  for  faturating  the  alkali  further  than  per- 
forming the  evaporations  and  coolings,  to  the 
number  of  18  in  the  open  air.  Another  objec- 
tion arifes  from  the  amount  of  carbonic  acid  in 
the  infoluble  refidue.  The  only  ingredients  in 
the  refidue  capable  of  uniting  with  carbonic 
acid  are  the  lime  and  magnefia, 
but  543  grs.  lime  require  444.2  carbonic  acid 
and  127  grs.  magnefia  95.9 

540.1 

The  whole  amount  however  of  carbonic  acid 
contained  in  the  refidue  is  = 753  grs.  there- 
fore (753  — 540.1  =)  212.9  grs-  of  carbonic 
acid  remain,  without  any  bafe  with  which  they 
can  combine. 

It  is  alfo  obvious  that  the  amount  of  charcoal 
is  excefiively  exaggerated.  The  infoluble  refi- 
due containing  the  charcoal,  was,  after  a long 
lixiviation  with  hot  water,  dried  in  a heat  below 
rednefs,  and  was  then  fuppofed  to  have  loft  all 
its  water,  it  was  then  calcined  at  a white  heat# 
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and  the  whole  lofs  of  weight,  deducing  that  of 
the  carbonic  acid  thus  expelled,  was  fuppofed 
to  be  the  weight  of  the  charcoal : but  charcoal 
that  had  been  foaked  in  hot  water  can  by  no 
means  be  dried  at  a temperature  below  a red 
heat,  and  therefore  a large  deduttion  mull  be 
made  from  the  charcoal,  on  account  of  the 
water  contained  in  it. 

On  referring  to  the  refults  of  the  analyfis  we 
find  250  grs.  fet  down  as  dry  cauftic  foda,  but 
fomewhat  impure : this  is  entirely  founded  on 
a grofs  blunder.  Among  the  crystalline  fait 
depofited  by  the  lixivium  was  a portion  of  346 
grs.:  this  confided  of  “ a mixture  of  vegetable 
“ and  mineral  alkali,  with  a proportion  of  ex- 
<c  traftive  matter  and  fome  digeftive  fait.”  The 
fc  mere  alkali”  contained  in  this  is  eftimated 
by  Mr.  K.  at  253  grs.:  but  this  is  impoflible, 
for  250  grs.  of  mere  foda  would  produce  1136 
grs.  of  carbonated  foda,  whereas  the  fait  in  ques- 
tion with  all  its  impurities,  amounted  only  to 
346  grs.  A Similar  objection  may  be  made  to 
the  127  grs.  fet  down  as  dry  cauftic  foda  mixed 
with  muriated  foda.  Mr.  K.  fays,  “ I obtained 
“ 127  grs.  of  a mixture  of  mineral  alkali  and 

common  fait but  this  like  the  former  was 
procured  by  cryftallization,  and  therefore  the 
127  grs.  even  if  they  were  pure  carbonated  foda 
would  indicate  no  more  than  28  grs.  of  pure 
foda. 

Kelp  is  made  of  what  is  vulgarly  called  fea- 
weed  or  fea  wrack  (whence  the  French  term 
foude  de  vareck)  that  is  of  fuch  of  the  leafy  fuci, 
principally  the  vejtculojus  and  ferratus>  as  grow 
on  rocks  in  the  fea  between  the  high  and  the 
low-water  mark.  The  moit  favourable  Situation 
for  thefe  plants  is  a Sheltered  bay  full  of  cal- 
careous rocks : for  limeftone  is  not  only  more 
favourable  to  the  growth  of  thefe  fuci  than  any 
other  kind  of  ftone,  but  from  its  lying  generally 
in  nearly  horrizontal  beds  is  more  acceflible  at 
low-water  than  thofe  rocks  which  affe£t  a more 
vertical  inclination,  and  therefore  form  narrow 
ridges.  The  feafon  for  gathering  the  plants  is 
from  May  to  Auguft.  On  the  Britifh  coafts 
they  are  cut  with  a fcythe  as  clofe  to  the  rock 
as  poflible,  and  then  bound  up  into  large  bundles, 
v/hich  being  fattened  to  one  end  of  a long  rope, 
the  other  extremity  of  it  is  tied  to  a boat,  and 
thus  the  labour  of  two  or  three  men  is  capable 
of  towing  Several  tons  weight  to  the  Shore.  The 
praftice  of  cutting  the  Items  is  however  by  no 
means  So  judicious  as  the  French  method  of 
tearing  them  up  by  the  roots  with  inftruments 
like  rakes;  for  it  has  been  clearly  Shown11  that 
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the  Stems  when  once  cut  never  throw  out  any 
more  leaves,  and  the  root  being  a long  time  in 
decaying,  occupies  unprofitably  the  Space  which 
otherwife  would  be  filled  by  young  plants.  The 
large  bundles  when  landed  are  to  be  opened  and 
their  contents  fpread  thinly  on  the  Shore  to 
dry,  turning  them  from  time  to  time,  left  they 
Should  ferment,  by  which  both  the  quantity  and 
quality  of  the  kelp  would  be  greatly  deterio- 
rated. The  ware  when  dry  Should  be  Stacked 
fecure  from  rain  for  a few  weeks  till  it  becomes 
covered  with  a white  faline  efflorefcence,  and 
then  it  is  ready  to  be  burnt.  The  furnace  em- 
ployed for  this  purpofe  ufed  to  be,  and  in  many 
parts  Still  is,  nothing  but  a round  pit  three  or 
four  feet  deep,  and  Seven  or  eight  feet  acrofs, 
lined  with  Stones  : the  more  Skilful  kelp-burners 
however  make  ufe  of  a kiln  of  the  following 
conftru£tion. 1 It  is  built  of  ftone  in  the  Shape 
of  a long  open  coffer,  being  28  inches  wide  in 
the  clear,  about  2f  feet  high,  and  from  8 to  1 8 
feet  long.  The  bottom  of  the  kiln  being  covered 
with  brufh-wood  or  heath,  a thin  Stratum  of  the 
dried  ware  is  Shaken  lightly  upon  it,  and  fire  is 
applied  to  the  leeward  end  of  the  kiln.  It  muft 
now  be  gradually  Supplied  with  freSh  ware 
thrown  lightly  on  wherever  the  combuftion 
reaches  the  furface  : if  the  weather  is  perfectly 
calm  no  further  precautions  are  required  than  to 
take  care  that  the  fire  is  not  Stifled,  but  if  it 
blows  ever  fo  little  the  windward  fide  of  the  kiln 
muft  be  covered  with  Sods,  and  even  both  Sides 
if  the  weather  is  at  all  boifterous.  When  all 
the  ware  has  been  thrown  on  that  is  intended 
to  be  ufed  at  one  time,  care  muft  Still  be  taken 
to  cover  every  fpot  where  the  fire  reaches  the 
furface  with  a little  of  the  charred,  or  leaft  burnt 
part,  laid  lightly  on  by  means  of  a fork.  After 
a time  that  part  of  the  mafs  which  is  neareft  to 
the  Sides  is  Seen  to  foften  or  melt,  and  now  be- 
gins the  moft  critical  part  of  the  whole  procefs. 
An  iron  bar  previously  heated  is  to  be  intro- 
duced among  the  foft  matter,  which  by  this 
means  is  to  be  Slowly  Stirred  up  and  incorpo- 
rated, adding  by  degrees  fome  of  the  lefs  burnt 
portions,  and  in  this  manner  the  whole  is  to  be 
kneaded  together  till  it  becomes  a pafty  femi- 
fluid  mafs.  It  is  a matter  of  confiderable  dex- 
terity fo  to  perform  this  procefs  as  to  be  able 
to  mix  the  duft  and  fragments  of  a preceding 
burning  with  the  prefent,  without  too  much 
cooling  the  whole.  If  when  this  incorporation 
of  the  materials  is  begun  the  mafs  is  too  hard 
and  dry,  by  waiting  a Short  time  it  will  be  found 
to  have  acquired  the  neceflary  temper,  but  if  it 
70.  * Repertory  xii.  p.  246. 
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Is  dry  and  pulverulent  like  allies,  it  is  expedient 
to  have  recourfe  to  a little  common  fait,  which 
acting  as  a flux  will  begin  the  fufion;  or  if  the 
heat  is  very  languid  fome  pulverized  brimftone 
may  be  made  ufe  of.  When  the  kelp  has  been 
thus  prepared  and  is  grown  cold,  it  is  broken 
into  large  lumps  and  is  fit  for  fale.  Well  made 
kelp  is  of  a bluifli  grey  colour,  fometimes  ap- 
proaching to  green ; it  is  of  a more  or  lefs  cel- 
lular texture,  and  contains  pieces  of  charcoal 
inveloped  in  the  mafs : when  breathed  on  it 
emits  a faint  fulphureous  odour;  to  the  tafte  it 
is  cauftic  and  alkaline,  mixed  with  the  favour  of 
common  fait.  It  yields  eafily  to  the  knife,  but 
poflefies  a confiderable  degree  of  toughnefs.  If 
dry  it  is  ufually  covered  with  a white  faline  ef- 
florefcence  The  proportion  of  pure  foda  which 
it  contains  varies,  according  to  Kirwan  and 
Jamefon,k  from  1.25  to  5.  per  cent.  For  the 
analyfis  of  barilla  and  kelp  the  fame  means  are 
to  be  employed  as  have  been  detailed  in  the  pre- 
ceding article. 

Another  fource  of  carbonated  foda  which  we 
have  not  yet  mentioned,  is  common  fait : but 
the  various  methods  of  decompofing  this  fo  as 
to  obtain  the  alkaline  bafe,  either  pure  or  com- 
bined with  carbonic  acid,  belong  more  properly 
to  Muriat  of  Soda , to  which  we  refer  the 
reader. 

Pure  carbonated  foda  from  whatever  fub- 
ftnnce,  and  by  whatever  means  it  is  procured, 
is  eflentially  the  fame.  Its  ufual  ftate  is  that  of 
clear  colourlefs  cryftals,  in  the  form  of  rhom- 
boidal  o&ahedrons,  or  oblique  tetrahedral  prifms. 
To  the  tafte  it  is  fweetilh,  cooling,  and  fubalka- 
line.  It  is  foluble  in  2.\  times  its  weight  of  water 
at  50°,  and  at  a higher  heat  diflolves  in  its  water 
of  cryftallization.  By  expofure  to  the  air  it 
efflorefces,  and  is  converted  into  a white  mealy 
powder,  with  the  lofs  of  a great  part  of  its 
water,  and  this  powder  when  kept  for  fome 
time  at  a very  low  red  heat  concretes  into 
lumps,  lofes  a fmall  portion  of  its  carbonic  acid 
and  all  its  water,  and  is  then  called  defecated 
foda  : in  preparing  this  from  the  cryftallized  car- 
bonat,  the  fait  ffiould  be  merely  laid  thinly  on  a 
plate  at  fome  diftance  from  the  fire,  till  it  is 
completely  efflorefeed,  otherwife  by  too  fudden 
a heat  it  will  difiolve  in  its  own  water,  and 
then  is  very  troublefome  to  manage.  The  com- 
ponent parts  of  cryftallized  carbonat  of  foda 
have  been  varioufly  eftimated,  though  the  dif- 
ference has  not  been  very  great : we  fhall  men- 
tion the  proportions  as  given  by  Bergman,  and 
thofe  adhered  to  by  Mr.  Kirwan.1 

k Mineralogy  of  Shetland,  p.  193. 
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Soda,  however,  is  capable  of  combining  with 
a larger  proportion  of  carbonic  acid,  by  dif- 
folving  the  cryftallized  carbonat  in  water,  and 
then  throwing  in  carbonic  acid  gas:  the  cryftals 
that  are  now  depofited  will  be  found  to  contain 
a confiderably  lefs  quantity  of  water,  and  their 
fweetilh  fubalkaline  flavour  will  be  exchanged 
for  a cooling  faline  one ; fo  that  in  this  ftate  it 
refembles  the  trona.  It  has  not,  however,  been 
analyzed  with  fuch  accuracy  as  to  enable  us  to 
ftate  the  proportions  of  its  ingredients. 

Carbonated  foda  is  decompofed  with  abftrac- 
tion  of  its  bafe,  by  almoft  all  the  other  acids, 
and  with  abftradlion  of  its  acid  by  barytes, 
lime,  ftrontian,  and  potafli. 

The  purpofes  to  which  carbonated  foda  is  ap- 
plied are  in  general  the  fame  as  thofe  for  which 
carbonat  of  potaffi  is  ufed : the  circumftances 
that  induce  the  occafional  preference  of  one  to 
the  other,  will  be  mentioned  in  their  proper 
places,  efpecially  in  Glass  making,  Soap 
making,  and  Dying. 

CARBONAT  OF  BARYTES. 

Under  the  term  Witherite  the  mineralogi- 
cal  defcription  of  the  native  carbonated  barytes 
will  be  deferibed,  and  the  methods  of  analyfing 
this  compound. 

The  feveral  methods  of  procuring  the  artificial 
carbonat  of  barytes  are  deferibed  at  length  under 
the  article  Barytes. 

It  will  be  fufficient  to  mention  in  this  place 
that  this  carbonat  appears  by  the  analyfes  of 
Klaproth  and  Pelletier  to  be  compofed  (when 
previoufly  dried  and  ignited  for  a few  minutes 
in  a low  red  heat)  of  22  parts  of  carbonic  acid 
and  78  parts  of  barytes,  perhaps  with  a trifling 
portion  of  water. 

The  artificial  carbonat  is  much  more  readily 
foluble  in  acids  than  the  native.  The  muriatic 
or  the  nitric,  confiderably  diluted,  diflolve  it 
with  eafe,  and  a copious  effervefcence. 

Barytes  has  fo  ftrong  an  affinity  for  the  car- 
bonic acid  that  barytic  water  becomes  covered 
with  a pellicle  of  regenerated  carbonat  inftantly 
on  expofure  to  air,  and  breathing  through  it 
renders  it  turbid  and  milky  almoft  immedi- 
ately. The  fame  effedt  takes  place  with  lime- 
water,  but  with  lefs  rapidity. 

’ On  Mineral  Waters,  Table  iv. 
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This  carbonat  is  fcarcely  in  any  degree  foluble 
in  water,  but  when  in  very  fine  powder  and 
diffufed  through  water,  if  a ftream  of  carbonic 
acid  is  fent  through,  the  water  then  difi'olves, 
according  to  Fourcroy,  about  of  its  weight. 
The  carbonat  is  not  cryflalizable  from  this  fo- 
lution.  By  expofure  to  the  air  the  excefs  of 
carbonic  acid  flies  off,  and  the  carbonat  of 
baryfces  is  again  precipitated. 

CARBONAT  OF  STRONTIAN. 

As  in  the  former  article,  the  methods  of  pro- 
curing this  fubftance  artificially  from  the  fulphat 
of  ftrontian  are  defcribed  under  the  earth  itfelf. 
(See  Strontian.)  The  analyfis  and  properties 
.of  the  native  carbonat  of  ftrontian  belong  to  the 
article  Strontianite. 

Carbonat  of  ftrontian  dried  and  gently  ignited 
is  compofed,  according  to  Klaproth,  of  about 
30  parts  of  carbonic  acid  with  70  of  ftrontian. 
Nearly  the  fame  obfervations  apply  to  this  car- 
bonat, as  mentioned  in  the  former  article,  but 
the  affinity  for  carbonic  acid  is  not  fo  ftrong, 
and  it  diffolves  fomewhat  more  eafily. 
CARBONAT  OF  LIME. 

Under  the  article  Limestone  mod  of  the 
Very  important  natural  varieties  of  this  carbonat, 
with  the  mode  of  analyzing,  will  be  defcribed  : 
and  under  Lime,  the  method  of  freeing  thefe 
earthy  fubftances  from  their  carbonic  acid. 

Carbonat  of  lime  is  readily  prepared  arti- 
ficially by  adding  a carbonated  alkali  to  the 
muriat,  nitrat,  or  any  other  calcareous  fait. 
Carbonated  ammonia  is  beft  to  obtain  it  in  per- 
fect purity,  as  all  the  laft  portions  of  adhering 
alkali  are  totally  expelled  by  drying.  When 
pure,  and  quite  dry,  after  gentle  ignition  in  a 
heat  barely  red  for  about  ten  minutes,  this  car- 
bonat confifts  Amply  of  45  per  cent,  of  carbonic 
acid  and  55  of  lime,  which  numbers  may  be 
conveniently  affirmed  in  all  analyfes.  None  of 
the  carbonic  acid  properly  belonging  to  the 
earthy  carbonat  is  expelled  in  a heat  below 
thorough  rednefs. 

Carbonat  of  lime  is  fcarcely  in  any  fenfible 
degree  foluble  in  pure  water,  but  with  an  excefs 
of  carbonic  acid  it  diffolves  in  water  without 
difficulty.  Thus  if  carbonated  water  (or  water 
holding  carbonic  acid  in  folution)  be  added  in 
fmall  quantity  to  lime-water,  an  inftant  milki- 
nefs  enfues,  and  a precipitate  of  carbonat  of 
lime ; but  if  an  excefs  of  carbonated  water  be 
added,  the  mixture  again  becomes  clear  by  a 
folution  of  the  carbonat  of  lime  in  the  excefs  of 
carbonic  acid.  By  far  the  greater  number  of 
natural  waters  coming  immediately  from  the 

* Bergman. 


earth,  fuch  as  pump — well — mineral  waters, 
hold  in  folution  fome  carbonat  of  lime,  and 
hence  they  become  turbid  by  boiling,  the  heat 
expelling  the  excefs  of  carbonic  acid  that  held 
the  earthy  carbonat  in  folution. 

Thefe  folutions  of  any  of  the  carbonated 
earths  in  carbonic  acid,  give  apparently  oppofite 
indications  by  the  coloured  tefts.  Paper  ftained 
red  with  Brazil  wood  is  turned  blue  by  all  the 
alkalies,  and  alfo  by  the  carbonated  earths. 
Hence  in  the  above  folution  this  change  of  co- 
lour takes  place  on  account  of  the  carbonated 
earth.  On  the  other  hand  the  purple  of  litmus 
is  changed  to  red  by  acids,  and  on  account  of 
the  excefs  of  carbonic  acid  this  folution  alfo 
reddens  litmus-paper.  a 

From  the  experiments  of  many  accurate  ana- 
lyfts  compared  by  Mr.  Kirwan, b it  appears  that 
the  quantity  of  carbonic  acid  neceffary  to  hold 
carbonat  of  lime  in  folution,  is  inverfely  in  pro- 
portion to  the  water  with  which  it  is  mixed,  as 
indeed  might  be  expefted,  fince  pure  water 
muft  have  fome,  though  a hardly  appretiable 
aclion  on  carbonat  of  lime  independant  of  any 
excefs  of  carbonic  acid.  Where  the  proportion 
of  water  to  carbonated  lime  is  very  great,  as  for 
example,  about  12000  to  1.,  the  weight  of  the 
excefs  of  carbonic  acid  neceffary  for  folution  is 
only  about  half  that  of  the  carbonat  5 and  in  all 
cafes,  however  fmall  the  quantity  of  water,  car- 
bonated lime  is  foluble  therein  with  the  half  of 
its  own  weight  of  carbonic  acid. 

CARBONAT  OF  MAGNESIA. 

This  earthy  fait  is  not  found  native,  except 
largely  admixed  with  carbonat  of  lime  in  feveral 
of  the  limeftones,  and  in  folution  in  many  natu- 
ral waters. 

The  artificial  carbonated  magnefia  (the  com- 
mon magnefia,  or  magnefia  alba  of  the  fhops,) 
is  prepared  by  decompofing  the  fulphat  of  mag- 
nefia or  Epfom  fait  with  common  carbonat  of 
potaffi.  To  fucceed  perfectly  in  this  preparation 
feveral  precautions  are  requifite.  The  following 
is  the  procefs  ufually  given.  Take  a pound  of 
fulphat  of  magnefia  diffolved  in  about  five  pints 
of  water,  add  this  to  a pound  of  good  purified 
pearlafh,  or  prepared  carbonated  potafti,  diffolved 
in  a like  quantity  of  water,  and  boil  them  for 
fome  minutes.  A copious  white  precipitate  is 
produced  on  the  moment  of  mixture,  which 
renders  the  whole  mafs  extremely  thick.  Strain 
it  while  hot  through  linen  (not  paper)  and  walli 
the  precipitate  left  on  the  ftrainer  by  repeated 
affufions  of  a very  large  quantity  of  boiling 
water,  till  it  comes  away  taftelefs.  The  pre- 
k On  Mineral  Water*. 
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elpitate  gently  dried  becomes  a perfectly  wliite 
extremely  light  taftelefs  powder,  which  is  com- 
mon magnefia. 

A double  decompofition  takes  place  in  this 
procefs,  the  fulphuric  acid  quitting  the  fulphat 
of  magnefia  to  unite  with  the  potafh,  and  the 
magnefia  uniting  with  the  carbonic  acid  of  the 
alkali  employed.  The  fulphat  of  potafh  being 
a fait  of  very  {paring  folubility  in  water,  renders 
it  neceffary  to  wafh  the  precipitate  fo  abundantly. 
The  drying  of  the  carbonat  of  magnefia  is 
tedious,  for  being  exceffively  light  and  fpungy, 
it  retains  a large  portion  of  water,  which  can- 
not be  feparated  by  filtration.  In  the  manu- 
facture in  the  large  way,  the  pafte  of  magnefia 
and  water  is  fpread  on  flabs  of  chalk,  which 
abforbs  the  water  eagerly  and  much  haftens  the 
drying. 

Common  carbonat  of  magnefia  confifts  of 
carbonic  acid,  water  and  magnefia  in  fomewhat 
varying  proportions.  By  being  calcined  for 
fome  time  in  a red  heat,  both  the  water  and 
carbonic  acid  are  expelled,  and  the  entire  lofs 
by  calcination  is  on  an  average  about  55  per 
cent.  On  the  other  hand,  this  carbonat  when 
added  to  an  acid,  effervefees  violently,  but  only 
parts  with  its  carbonic  acid  in  the  effervefcence, 
and  this  lofs  is  about  34.  per  cent,  confequently 
the  conftituent  parts  of  100  parts  of  the  com- 
mon carbonat  of  magnefia  will  be,  when  dried 
in  a gentle  heat, 

Magnefia  - - - - 45 
Carbonic  acid  - - - 34 
W ater  -----21 

100 


The  quantity  of  alkali  commonly  ufed  in  ob- 
taining magnefia  is  more  than  is  neceffary  to 
decompofe  the  magnefian  fulphat,  and  probably 
one-fourth  or  one-fifth  lefs  would  be  fufficient. 

Common  magnefia  is  fcarcely  at  all  folufile  in 
pure  water,  but  with  an  additional  quantity  of 
carbonic  acid  its  folubility  increafes  largely. 
Hence  in  making  common  magnefia  it  is  advife- 
able  to  boil  the  ingredients  on  mixture,  by  which 
a confiderable  quantity  of  loofely  combined  car- 
bonic acid  is  expelled,  which  ot'nerwife  would 
unite  with  part  of  the  magnefia,  render  it  folu- 
ble  in  water,  and  it  would  be  carried  away  in 
the  wafhings.  Hence  the  more  the  alkali  em- 
ployed is  faturated  with  carbonic  acid  (beyond 
the  exatt  dofe  neceffary  for  the  precipitated 
magnefia)  the  lefs  will  be  the  product  left 
on  the  filter,  unlefs  the  boiling  be  continued  a 
longer  time,. 


This  leads  to  the  other  diftin£t  fpecies  of 
folid  carbonat  of  magnefia,  namely  the  cr\J}al- 
lizecl , or  that  which  is  faturated  with  carbonic 
acid.  It  may  be  prepared  in  feveral  methods. 
It  carbonated  alkali  be  mixed  with  fulphat  of 
magnefia,  •without  heat,  and  the  mixture  left  to 
fpontaneous  evaporation,  fmall  long  four-fided 
prifmatic  cryftals  of  carbonated  magnefia  will 
be  depofited.  A neater  and  better  way  of  pro- 
curing them  is  the  following.  Pafs  a ftream  of 
carbonic  acid  for  fome  time  through  water,  in 
which  common  carbonated  magnefia  is  fuf- 
pended.  The  agitation  occafioned  by  the  bub- 
bles of  gas  will  prevent  the  magnefia  from 
entirely  fubfiding,  and  it  will  abforb  much  of 
the  carbonic  acid  and  dilfolve  in  the  ■water. 
Decant  the  clear  liquor,  and  fuffer  it  to  evapo- 
rate in  a heat  not  exceeding  that  of  a warm 
room.  After  a while  the  carbonated  magnefia 
will  feparate  in  cryftals.  This  cryftallized  fait 
is  compofed  of  about 

Magnefia  - - - - 25 
Carbonic  acid  - - - 50 
Water  -----  25 


100 


It  is  foluble  in  48  times  its  weight  of  cold  water, 
and  in  much  lefs  when  the  water  alfo  has  an 
excefs  of  carbonic  acid. 

Carbonated  magnefia  in  any  ftate  is  decom- 
pofed  readily  and  compleatly  by  potafh,  foda, 
lime,  barytes  and  ftrontian ; the  carbonic  acid 
uniting  with  thefe  fubftances  and  leaving  the 
magnefia  pure.  It  is  alfo  decompofed  by  all 
the  falts  with  the  bafis  of  barytes,  ftrontian,  and 
lime.  Hence  a common  caution  in  preparing 
magnefia,  to  wafh  the  precipitate  with  water  as 
pure  as  poffible  and  free  from  calcareous  falts  ; 
for  as  moft  fpring-waters  contain  fome  fulphat 
of  lime,  this  fait  is  decompofed  by  the  carbonat 
of  magnefia,  and  carbonat  of  lime  is  formed, 
which  mixes  with  the  magnefia.  This  is  of 
little  importance  medicinally  when  the  magnefia 
is  ufed  in  its  common  ftate,  but  after  calcination- 
the  earth  contains  a fmall  portion  of  quick-lime, 
the  effect  of  v/hich  might  be  felt  in  large  dofes. 

Ammonia  and  magnefia  appear  to  have  very 
nearly  equal  affinities  for  carbonic  acid,  and 
hence  it  is  that  either  of  the  two  will  only  par- 
tially decompofe  the  faturated  carbonat  of  the 
other.  Thus  if  ammonia  is  added  to  cryftallized 
carbonat  of  magnefia  in  folution,  the  precipitate 
is  not  pure  magnefia  (which  it  would  be  with 
the  other  alkalies)  but  the  fub-carbonat,  or  com- 
mon magnefia  alba,  and  vice  verfa  if  pure  magT- 


CAR 


CAT 


( 272  ) 


rtefia  be  added  to  the  carbonated  ammonia,  the 
fub-carbonat  of  magnefia  is  equally  produced. 
In  either  cafe  alfo  a part  of  the  ammonia  unites 
with  the  magnefia,  according  to  Fourcroy,  form- 
ing a triple  fait,  the  ammoniaco-magnefian  carbonat. 
The  fame  triple  fait  alfo  is  formed  by  adding 
the  compound  muriat  of  ammonia  with  mag- 
nefia to  carbonat  of  potalh  or  foda.  The  pro- 
perties of  this  triple  fait  are  not  well  edabliflied, 
but  its  fuppofed  formation  in  the  above  circum- 
dances  correfponds  fulhciently  well  with  the 
known  tendency  of  ammonia  to  fuch  triple  com- 
binations. 

Magnefia  is  only  ufed  in  medicine. 

Carbonat  of  Alumine , Glycine , Zircon,  Sec. 
For  the  remaining  earthy  carbonats  fee  the  re- 
fpe&ive  earths. 

Carbonats  Metallic.  See  the  refpe&ive 
metals. 

CARBUNCLE.  See  Spinell. 

CARMINE  is  a beautiful  red  precipitate  of 
the  colouring  matter  of  Cochineal  (which  fee). 

CARNELIAN.  See  Chalcedony. 
CARTHAMUS.  See  Safflower. 

CARTILAGE.  This  organ  which  appears 
to  hold  fomewhat  of  an  intermediate  Rate  be- 
tween ligament  and  bone  appears,  according  to 
Mr.  Hatchett’s  refearches  to  confifl  chiefly  of 
condenfed  albumen. 

Some  parts,  fuch  as  the  joinings  of  the  ribs, 
remain  cartilaginous  through  life  ; in  others  the 
cartilage  is  the  firft  rudiment  of  bone,  that 
which  determines  its  fhape  and  pofition,  and  it 
becomes  folid  bone  by  the  gradual  depofition  of 
offeous  matter.  Thefe  may  be  again  feparated 
in  a great  meafure  by  acids  which  diflolve  the 
bone  and  leave  the  cartilage.  See  Bone  and 
Albumen. 

CASSIUS,  Powder  of,  is  a beautiful  precipi- 
tate formed  by  immerfing  tin  in  a folution  of 
gold,  or  by  mixing  the  nitro-muriats  of  each 
metal.  It  is  ufed  to  give  the  fined  ruby  co- 
lour to  Glass.  See  alfo  Gold. 

CATECHU  or  TERRA  JAPONICA. 

This  fubdance,  concerning  the  origin  of  which 
there  was  formerly  much  doubt,  is  an  infpiffated 
extraCt  prepared  in  feveral  parts  of  India,  from 
a fpecies  of  Mimofa,  by  decoCtion  of  the  wood 
and  evaporation  to  drynefs.  The  tree  is  called 
in  the  Bahar  province  Coira,  and  the  extraCt  has 
the  feveral  names  of  catechu , cutch  or  cachou. 

It  is  thus  prepared,  according  to  Mr.  Kerr, 
an  eye-witnefs.  a After  felling  the  trees  tire 
manufaCt urer  cuts  off  all  the  exterior  white  part 
S>i  the  wood,  which  is  rejected.  The  inner 


wood  which  is  red,  and  from  which  alone  the 
extraCt  is  prepared,  is  cut  into  chips  and  boiled 
with  water  till  half  is  evaporated.  This  drong 
decoCtion  is  then  poured  off  without  draining, 
into  a (hallow  earthen  pot  and  evaporated  to 
one- third  by  fuel,  after  which  the  thorough 
drying  is  compleated  by  the  heat  of  the  fun, 
the  thickened  extraCt  being  fpread  thin  on  a 
mat  and  expofed  to  the  air.  In  this  Ample 
method  is  the  catechu  prepared,  but  it  is  often 
mixed  accidentally  or  fraudulently  with  fand 
or  other  earthy  impurities,  fometimes  to  the 
amount  of  one- eighth  of  the  whole,  as  appears 
on  analyfis.b 

There  are  two  varieties  of  catechu  brought 
to  this  country,  from  Bengal  and  from  Bombay, 
but  differing  very  (lightly  in  chemical  qualities. 

Catechu  is  of  a red  brown  colour,  uniform  in 
texture,  brittle  and  friable,  and  without  fmell. 
Its  fpecific  gravity  from  1.28  to  1.39.  The 
tade  is  drongly  adringent,  and  at  fird  fomewhat 
bitter,  but  afterwards  leaves  a permanent  and 
agreeable  fweetnefs.  It  diflolves  (lowly  and  to- 
tally in  the  mouth,  the  earthy  impurities  ex- 
cepted. 

Catechu  is  important  in  a chemical  point  of 
view,  from  the  unufually  large  quantity  of  tan- 
nin which  it  has  lately  been  found  to  contain, 
and  which  therefore  promifes  to  render  it  ufeful 
in  the  preparation  of  leather.  See  Tannin. 

By  the  analyfis  of  Mr.  Davy,  c at  the  fuggef- 
tion  of  Sir  J.  Banks,  it  appears  that  there  is  very 
little  difference  between  the  two  fpecies,  and 
therefore  the  defeription  of  one  will  ferve  for 
both. 

Catechu  is  almod  totally  foluble  in  hot  water. 
The  folution  is  of  a deep  red-brown,  and  (lightly 
reddens  litmus.  By  long  decoCHon  a folution 
is  made,  which  yields  by  evaporation  as  much 
as  -g-  of  its  weight  of  folid  matter. 

With  chemical  reagents  nearly  the  fame  ef- 
fects were  produced  as  when  the  fame  reagents 
are  added  to  infufion  of  Galls,  and  will  be 
mentioned  under  that  article.  In  particular  the 
prefence  both  of  the  gallic  acid  and  of  tannin 
were  fully  afeertained,  the  former  among  other 
teds  by  the  black  produced  by  fulphat  of  iron, 
and  the  latter  by  the  copious  precipitate  with 
animal  gelly. 

Befides  tannin  and  gallic  acid,  catechu  con- 
tains a peculiar  extraCb,  and  alfo  a fubdance 
refembling  mucilage.  The  latter  is  left  nearly 
pure  after  the  aftion  of  alcohol,  which  readily 
diffolves  all  the  red.  It  fcarcely  differs  from 
common  gum  mucilage.  The  extractive  matter 
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is  foluble  in  water,  but  much  lefs  eafily  than  the 
tannin,  and  hence  if  the  catechu  in  fine  powder 
be  repeatedly  and  for  a fhort  time  wafhed  with 
water,  all  the  tannin  is  difTolved  (which  is 
known  by  no  longer  precipitating  the  folution  of 
glue)  and  alfo  moft  of  the  mucilage,  and  the 
refidue  is  a pale  red  extracft,  only  flightly  aftrin- 
gent,  but  confiderably  fweet  when  chewed.  It 
diffolves  both  in  water  and  alcohol,  acquiring  a 
deeper  colour  by  expofure  to  air. 

Catechu  therefore  confifts  chiefly  of — ift.  a 
very  large  portion  of  tannin,  to  which  it  owes 
its  aftringency,  and  the  very  great  powers  which 
it  pofiefles  as  a material  for  tanning  leather : 
2d.  of  a peculiar  extract,  in  which  refides  the 
fweetnefs  of  tafle  for  which  this  extraft  is  valued 
in  the  Eaft  : and  3d.  a fmall  portion  of  mucilage, 
inert  and  infipid.  Mr.  Davy  found  that  200 
grains  of  the  Bombay  catechu  contained  109 
grains  of  tannin,  68  of  extra£f,  and  1 3 of  mu- 
cilage, with  10  of  earthy  refidue.  The  fame 
quantity  of  the  Bengal  catechu  gave  of  the  fame 
ingredients  97  grains,  73,  16,  and  14. 

Catechu  is  ufed  in  the  Eaft,  as  it  is  faid,  for 
many  proceffes  of  dyeing,  and  would  doubtlefs 
anfwer  in  many  cafes  where  galls  are  now  ufed. 
But  its  chief  confumption  is  as  an  ingredient  in 
the  betel  compofition,  which  is  fo  univerfally 
chewed.  It  is  ufed  in  this  country  only  in 
medicine,  as  a very  valuable  aftringent,  but  its 
tanning  powers  deferve  farther  trial. 
CAT’s-EYE.  See  Katzen-Augen. 

CAUSTICITY.  Aetjbarkeit , Germ. 

A fubftance  is  ufually  faid  to  be  cauftic  when 
it  produces  the  fame  effe£I  to  the  tongue  as  that 
of  a£tual  fire,  that  is,  an  immediate  fenfation  of 
burning,  followed  with  a flight  diforganization 
of  the  furface  a&ually  in  contaft.  Thus  the 
alkalies  are  called  caufic  when  deprived  of  car- 
bonic acid,  becaufe,  when  at  all  concentrated, 
they  then  burn  and  blifter  the  tongue  almoft 
inftantly. 

Cauftic  fubftances  are  alfo  generally  corrofve, 
or  fuch  as  a£t  upon  organized  matter  and  de- 
compole  it  with  great  rapidity. 

The  term  cauftic  prefixed  to  the  alkalies  and 
earths  to  diftinguilh  the  pure  or  de-carbonated 
ftate,  is  omitted  in  the  modern  nomenclature, 
being  rendered  unneceffary  by  the  ufe  of  the 
term  carbonat ; thus  to  the  terms  caujlic  potafo 
and  mild  potajh  are  fubftituted  thofe  of  potajh 
and  carbonat  of  pot  afro  refpecftively.  Some  con- 
fufion  ftill  arifes  occafionally  from  this  change, 
the  term  foda  for  example,  meaning  in  chemical 
language  pure  or  caufic  foda , and  in  commerce 
and  common  ufe  meaning  the  mildy  carbcnat  of 
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foda.  In  this  work  where  the  carbonat  is  meant, 
it  is  always  fo  expreffed. 

CAUSTIC  Lunar  is  the  nitrat  of  Silver 
melted  and  eaft  into  cylindrical  pieces  about  the 
fize  of  common  flate-pencils,  for  the  ufe  of  fur- 
geons. 

CEMENTATION.  Camentiren , Germ. 

This  term  is  applied  to  a procefs  in  the  dry 
way  fimilar  to  digeftion  in  the  moift,  and  means 
the  expofure  of  any  fubftance  to  a regular  fur- 
nace-heat in  a crucible,  ftratified,  or  otherwife 
covered,  with  fome  kind  of  powder,  which  is 
intended  to  produce  a chemical  change.  Thus 
iron  bars  are  converted  into  fteel  by  being  ce- 
mented with  a powder  of  bone-afh  and  other 
materials  : copper  into  brafs  by  cementation  with 
a powder  of  calamine  and  charcoal,  and  the  like. 
The  powder  is  in  this  cafe  called  Cement-pavder. 

CEMENT-COPPER.  The  copper  procured 
from  the  fulphat  by  precipitation  with  iron  is  fo 
called.  See  Copper. 

CEMENTS  and  LUTES.  Under  this  article 
may  be  mentioned  the  receipts  for  preparing 
fome  of  the  moft  ufeful  fubftances  of  this  kind 
that  are  required  in  common  chemical  opera- 
tions. 

The  ufes  of  lutes  and  cements  are,  either  to 
clofe  the  joinings  of  chemical  veflels  to  prevent 
the  efcape  of  vapours  and  gaffes  during  the  pre- 
cedes of  diftillation,  fublimation  and  the  like : 
or  to  protect  veflels  from  the  a£tion  of  the  fire 
which  might  crack,  or  fufe,  or  calcine  them:  or 
fometimes  to  repair  flaws  and  cracks,  and  for  a 
variety  of  other  fmaller  purpofes. 

The  fubje£t  of  calcareous  cements , fuch  as 
mortar,  tarras,  and  other  fubftances  ufed  to  clofe 
the  joinings  of  bricks  or  ftones  in  buildings, 
will  be  mentioned  in  the  following  article. 

When  a lute  is  applied  over  the  whole  fur- 
face  of  a veffel  (as  to  a glafs  retort  when  it  is 
intended  to  be  heated  red-hot)  the  procefs  i# 
termed  lorication  or  coating.  Iron  furnaces  are 
alfo  lined  or  coated  on  the  infide  with  earth  to 
prevent  the  iron  from  being  deftroyed  by  the 
conftant  action  of  the  fire. 

From  the  vaft  variety  of  receipts  for  lutes  and 
cements  of  different  kinds  the  following  may  be 
fele&ed,  which  will  anfwer  moft  of  the  pur- 
pofes of  the  experimental  chemift. 

To  prevent  the  efcape  of  the  vapors  of  water, 
fpirit,  and  liquors  not  corrofive,  the  Ample  ap- 
plication of  flips  of  moiftened  bladder  will 
anfwer  very  well  for  glafs,  and  paper  with  good 
pafte  for  metal.  Bladder  to  be  very  adhefive 
fhould  be  foaked  fome  time  in  water,  moderately 
warm,  till  it  feels  clammy,  it  then  fticks  very 
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well.  If  fineared  with  white  of  egg  inftead  of 
water,  it  adheres  (till  clofier. 

Another  very  convenient  lute  is  linfeed  meal 
moiftened  with  water  to  a proper  confidence, 
well  beaten,  and  applied  pretty  thick  over  the 
joinings  of  the  veflels.  This  immediately  ren- 
ders them  tight,  and  the  lute  in  fome  hours  dries 
to  a hard  mafs.  Almond  pafte  will  anfwer  the 
fame  purpofe. 

The  ufe  of  the  above  lute  is  fo  extenfive  that 
no  other  is  required  in  clofing  glafs  veflels  in 
preparing  all  common  diftilled  liquors,  and  it 
will  even  keep  in  ammonia  and  acid  gaffes  for  a 
longer  time  than  is  required  for  mod  experi- 
mental purpofes.  It  begins  to  fcorch  and  fpoil 
.at  a heat  much  above  boiling,  and  therefore 
will  not  do  as  a fire  tide.  It  is  dill  firmer  and 
dries  fooner  when  made  up  with  milk,  or  lime- 
water,  or  weak  glue. 

A number  of  very  cohefive  cements  impervi- 
ous to  water,  and  mod  liquids,  and  vapors,  and 
extremely  hard  when  once  folidified,  are  made 
by  the  union  of  quick-lime  with  many  of  the 
vegetable  or  animal  mucilaginous  liquors.  The 
variety  of  thefe  is  endlefs.  We  may  fird  men- 
tion the  following  as  it  has  been  extenfively  em- 
ployed by  chemids  for  centuries.  Take  fome 
whites  of  eggs  with  as  much  water,  beat  them 
well  together,  and  fprinkle  in  fufficient  Hacked 
lime  to  make  up  the  whole  to  the  confidence 
of  thin  pade.  The  lime  Ihould  be  flacked  by 
being  once  dipped  in  water,  and  then  differed 
to  fall  into  powder,  which  it  will  do  fpeedily 
with  great  emiflion  of  heat,  if  well  burnt.  This 
cement  ihould  be  fpread  on  flips  of  cloth  and 
applied  immediately,  as  it  hardens  or  Jets  very 
fpeedily.  While  hardening,  it  may  be  of  ufe  to 
jprinkle  over  it  fome  of  the  lime  in  fine  powder. 
This  cement  is  often  more  Amply,  and  as  con- 
veniently managed  by  fmearing  flips  of  linen  on 
both  fides  with  white  of  egg,  and,  when  applied 
to  the  joining  of  the  veffel,  ihaking  fome 
powdered  lime  over  it.  It  then  dries  very 
fpeedily. 

Another  lute  of  the  fame  kind,  and  equally 
good,  is  made  by  ufing  a ftrong  folution  of' glue 
to  the  lime,  inftead  of  the  white  of  egg.  It  fets 
equally  foon,  and  becomes  very  hard.  A mix- 
ture of  liquid  glue,  white  of  egg,  and  lime, 
makes  the  lut  d’ane,  which  is  fo  firm  that  broken 
veflels  united  with  it  are  almoft  as  ftrong  as 
when  found.  None  of  thefe  lutes  however 
will  enable  thefe  veflels  to  hold  liquids  for  any 
great  length  of  time.  Milk  or  ftarch  with  lime 
make  a good  but  lefs  firm  lute. 

A very  firm  and  Angular  lute  of  this  kind  is 


made  by  rubbing  down  fome  of  the  poorefl. 
fkimmed-milk  cheefe  with  water  to  the  confid- 
ence of  thick  foup,  and  then  adding  lime  and 
applying  as  above.  It  anfwers  extremely  well. 
Lime  and  blood  with  a fmall  quantity  of  brick- 
duft  or  broken  pottery  ftirred  in  is  ufed  in  fome 
places  as  a very  good  water- cement  for  cellars 
and  places  liable  to  damp. 

Paris  plafter  mixed  with  egg,  milk,  glue, 
ftarch,  or  any  mucilaginous  liquor,  alfo  makes 
a good  lute. 

Some  artifts  mix  other  earths  with  the  above 
materials.  Thus  a very  good  cement  is  made 
with  equal  parts  of  clay  and  lime,  about  3-  of 
flour  and  white  of  egg ; or  as  is  ufed  by  many 
of  the  aqua-fortis  makers,  a mixture  of  colco- 
thar,  lime,  and  white  of  egg. 

All  the  above-mentioned  cements  with  lime 
become  very  hard  by  drying,  infomuch  that 
they  cannot  be  feparated  from  glafs  veflels 
without  the  help  of  a fharp  knife  and  fome  vio- 
lence, and  hence  delicate  veflels  and  long  thin 
tubes  cemented  with  it  are  apt  to  break  when 
the  apparatus  is  taken  down,  and  fometimes 
even  by  the  mere  force  of  contraction  in  fetting. 
It  is  a great  advantage  however  that  they  may 
be  applied  immediately  to  any  accidental  crack 
or  failure  of  the  lute  already  on,  notwithftand- 
ing  a ftream  of  vapour  is  burfting  through,  and 
in  large  diftillations  it  is  of  advantage  always  to 
have  fome  of  the  materials  at  hand. 

Thefe  lutes  will  not  confine  very  corrofive 
acid  vapours  perfectly  for  a great  length  of 
time,  but  will  anfwer  for  other  purpofes,  parti- 
cularly where  a complicated  apparatus  is  to  be 
kept  fteadily  united  and  air-tight.  They  will 
bear  nearly  a red-heat  without  material  alteration. 

Another  kind  of  lute  which  is  the  moft  per- 
fect for  confining  acid  vapours  for  any  length 
of  time,  and  winch  never  hardens  to  an  in- 
convenient degree  is  th Q fat  lute  as  it  is  called. 
This  is  made  by  taking  any  quantity  of  good 
clay,  tobacco-pipe  clay  for  example,  thoroughly 
dry,  but  not  burnt,  powdering  it  in  an  iron  mor- 
tar, mixing  it  gradually  with  drying  linfeed  oil, 
and  beating  them  for  a long  time  to  the  con- 
fidence of  thick  pafte.  Much  manual  labour  is 
required,  and  it  ihould  be  continued  till  the 
mafs  no  longer  adheres  to  the  peftle.  Then 
make  the  edges  of  the  glafs  or  other  veflels 
where  it  is  to  be  ufed  perfectly  dry,  and  apply 
the  lute  carefully,  and  it  will  ftand  the  longeft 
procefs  without  failing.  This  grows  firm 
enough  to  retain  its  place  and  to  hold  the  veflels 
together,  but  may  readily  be  feparated  by  a 
knife.  This  lute  much  improves  in  adhefive- 
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fiefs  by  long  keeping,  which  fhould  be  in  a 
covered  pan  in  a cool  cellar.  When  wanted,  it 
regains  fufficient  du£tility  merely  by  being 
beaten  for  a minute  or  two,  or  by  the  help  of  a 
few  drops  more  of  the  oil.  Good  glaziers 
putty,  which  is  made  of  chalk  beat  up  with  dry- 
ing linfeed  oil,  much  refembles  the  fat  lute  in 
quality. 

Another  fpecies  of  lute  is  that  which  is  com- 
monly applied  round  glafs  retorts  when  diftilla- 
tion  with  a full  red  heat  is  wanted  to  protect 
them  from  the  fudden  a£l:ion  of  the  fire,  and  to 
give  them  firmnefs,  and  enable  them  to  bear 
this  heat  without  flattening  or  falling  together 
when  red-hot,  or  melting  with  the  fuel.  A 
glafs  veflel  fo  prepared  with  a thick  earthen 
coating  may  be  confidered  as  an  earthen  veflel 
glazed  on  the  infide.  The  fubftance  ufed  is  a 
mixture  of  fand  with  juft  fufficient  clay  to 
make  it  adhere  together,  beat  up  with  fome 
kind  of  fibrous  matter  fo  as  mechanically  to  en- 
creafe  the  tenacity.  A natural  earthy  mixture 
of  the  kind  is  Windfor  loam,  or  an  equally  good 
one  may  be  formed  with  coarfe  fand  and  clay 
or  better  with  fragments  of  pottery  coarfely 
ground  (the  fine  part  being  feparated  by  fifting 
and  rejetfted)  mixed  with  more  or  lefs  clay  ac- 
cording to  the  quality,  fo  that  it  will  juft  mould 
together  when  wet.  For  the  fibrous  matter,  fome 
ufe  horfe-dung,  which  appears  the  beft,  others, 
chopped  ftraw  or  chaff,  others,  chopped  horfe 
and  cow  hair  or  tow,  all  of  which  anfwer  the 
fame  purpofe.  A fmall  quantity  of  thefe  will 
fuffice.  Beaume  recommends  about  an  ounce  of 
cow’s  hair  to  five  pounds  of  the  earthy  mixture. 
A good  deal  of  water  fhould  be  added  when  the 
materials  are  mixed,  and  much  manual  labour  is 
required  to  diflrufe  the  hair  equally  through  the 
mixture.  To  apply  it  to  a glafs  veflel,  a retort, 
for  example,  take  a fufficient  quantity  of  the 
lute,  fpread  it  out  flat  on  a table,  lay  the  bottom 
of  the  retort  on  the  middle  of  thexmafs,  and  then 
turn  up  the  edges  of  tire  flat  cake,  and  bring  it 
over  the  reft  of  the  glafs,  prefling  it  down  with 
the  fingers  till  it  applies  uniformly  and  clofely. 
By  this  method  the  lute  is  without  feam,  and  is 
much  more  likely  to  dry  in  the  fire  without 
cracking.  Or  elfe,  bring  the  lute  with  fufficient 
water  to  the  confidence  of  thick  foup,  dip  the 
retort  in,  and  it  will  come  out  thinly  coated. 

I Turn  it  round  before  the  fire,  and  when  dry  dip 
it  again  in  the  lute  to  give  a fecond  coating,  and 
fo  on  to  the  required  thicknefs,  which  may  be 
from  ^ to  * an  inch.  A lute  fimilar  to  this  is 


ufed  as  a lining  to  iron  furnaces  to  confine  the 
fire  and  prevent  the  iron  from  confuming  by  the 
conftant  heat.  This  lute  is  juft  fo  fufible  as  to 
begin  to  agglutinate  in  a full  red  heat,  and 
hence,  if  it  remains  found  till  thus  hot,  it  will 
form  an  impenetrable  coating  to  the  glafs  within, 
from  which  it  cannot  afterwards  be  detached. 
The  covers  of  crucibles  and  other  veflels  in- 
tended to  bear  fire  may  be  luted  with  this  earthy 
mixture.  It  is  rendered  ftill  lefs  liable  to  crack 
on  the  firft  heating,  if,  when  thoroughly  dry,  it 
is  fmeared  with  linfeed  oil. 

Sometimes  however  a ftill  more  fufible  com- 
pound is  wanted,  particularly  where  very  vola- 
tile and  penetrating  fubflances  are  diftilled 
from  an  earthen  veflel.  Thefe  veflels  are  necef- 
farily  porous  to  a certain  degree,  independent  of 
any  cafual  cracks,  from  which  the  larger  earthen 
veflels  are  feldom  entirely  free.  When  phof- 
phorus  (for  example)  is  prepared  by  ftrongly 
heating  charcoal  and  phofphoric  acid  in  one  of 
thefe  retorts,  the  vapour  of  the  phofphorus 
penetrates  through  the  pores  when  thoroughly 
red  hot,  and  much  of  it  is  loft.  Nor  will  the 
laft-mentioned  luting  entirely  prevent  this,  fo 
that  it  is  a great  faving  to  cover  the  retort  firft 
with  a thin  coat  of  a fufible  glazing,  which  will 
melt  on  the  furface  as  foon  as  red-hot,  and 
clofe  every  opening.  This  glazing  may  be 
made  by  a variety  of  fluxes  added  to  the  proper 
dofe  of  clay  and  earth,  and  mixed  into  a thin 
pafte,  and  applied  to  the  retort  with  a brufh. 
The  following  management  is  recommended  by 
Mr.  Willis, d a practical  chemift,  in  diftillation 
with  large  earthen  retorts.  Diflolve  one  ounce 
of  borax,  in  half  a pint  of  boiling  water,  and  add 
as  much  flacked  lime  as  will  make  it  into  a 
thin  pafte.  Spread  it  over  the  retort  with  a 
brufh,  and  when  dry  apply  over  the  whole  a 
lute  of  flacked  lime  and  linfeed  oil  beaten  till  it 
is  perfectly  plaftic.  This  becomes  dry  in  a day 
or  two,  and  is  then  fit  for  ufe.  Stone  retorts  may 
thus  be  ufed  feveral  times  with  fafety  (always 
renewing  the  oil  and  lime  lute)  whereas  in  the 
common  way,  and  even  with  the  clay  and  hair 
lute  they  generally  crack  when  cooling,  or  on 
being  heated  a fecond  time.  If  during  the  ope- 
ration the  retort  fhould  crack,  Mr.  W.  advifes 
to  fpread  fome  of  the  oil  compofition  thickly  on 
the  part,  and  fprinkle  fome  flacked  lime  over 
the  whole,  which  will  prevent  the  further  efcape 
even  of  the  penetrating  vapour  of  phofphorus, 
and  may  be  fafely  applied  even  when  the  retort 
is  red-hot.  When  prepared  fomewhat  thicker 
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it  is  very  proper  as  a general  lute  for  a great 
variety  of  purpofes,  and  will  never  harden  fo  as 
to  break  the  velTel. 

Often  a fire  lute  is  required  to  join  the  covers 
to  crucibles,  or  for  fimilar  purpofes,  fo  as  to 
keep  them  air-tight  when  hot.  A very  valuable 
compofition  of  the  kind  is  made  of  glafs  of  borax, 
brick-duft,  and  clay,  finely  powdered  together 
and  mixed  with  a little  water  when  ufed.  No 
very  great  nicety  is  required  in  the  proportions, 
but  about  a tenth  of  borax  is  quite  l'ufficient  to 
bring  the  earths  to  that  (late  of  femi-vitrification 
which  is  defired.  Litharge  may  alfo  be  ufed 
inftead  of  borax,  but  the  latter  is  by  far  the 
belt,  as  it  promotes  that  thin  fpreading  fufion 
which  is  beft  calculated  to  be  equally  applied 
over  an  uneven  furface,  and  befides,  if  a portion 
of  the  litharge-lute  were  to  drop  into  the  cru- 
cible it  might  poflibly  be  reduced,  and  lead  in- 
troduced into  the  refults  of  the  experiment. 

A cement  faid  to  be  ufeful  to  flop  cracks  of 
iron  veflels  intended  to  be  ftrongly  heated,  is 
made  of  6 parts  of  clay,  i of  iron  filings,  and 
linfeed  oil  enough  for  mixture. 

Another  fpecies  of  cement  is  what  is  termed 
by  the  French  Maftich  chaud,  and  confifls  of  dif- 
ferent kinds  of  oily  and  refinous  fubftances,  li- 
quid when  hot,  and  which  become  more  or  lefs 
folid  by  cooling.  They  are  ufeful  for  a variety 
of  mifcellaneous  purpofes,  for  experiments  with 
gaffes  over  water  or  mercury,  and  others  where 
only  a very  moderate  warmth  is  ufed,  and  where 
it  is  of  importance  to  keep  out  air  and  water. 
Thefe  will  alfo  confine  acid  vapors,  but  not  the 
vapors  of  alcohol,  turpentine,  or  eflential  oils, 
which  diflolve  molt  refinous  fubftances.  Molt 
of  them  will  (tick  very  well  to  glafs.  Common 
fealing-wax  is  one  of  the  molt  ufeful  of  thefe 
cements.  A cheaper  and  lefs  brittle  cement  is 
made  fimply  by  melting  bees  wax  with  about 
one-eighth  of  common  turpentine.  This  may  be 
made  up  into  flicks  to  be  ufed  when  wanted, 
being  firft  melted  or  fpread  evenly  with  a hot 
iron.  A greater  portion  of  turpentine  renders 
this  lute  fofter,  and  more  fufible,  but  fomewhat 
pliable. 

A very  firm  cement  is  made  by  4 parts  of 
rofin,  1 of  bees  wax,  and  when  melted,  x part 
of  fine  brick  duft  ftirred  in.  This  adheres  with 
extreme  firmnefs.  Table  knives  are  cemented 
to  their  handles  by  this  mixture,  and  turners 
ufe  a fimilar  compofition  in  fome  fine  works  to 
fix  them  to  the  lathe. 

Chaptal  found  after  many  trials  that  the  pe- 
netrating vapours  of  fulphureous  acid  in  the 


manufacture  of  alum  were  completely  confined 
in  a wooden  chamber,  lined  very  carefully  with 
a mixture  of  equal  parts  of  pitch,  turpentine, 
and  wax,  boiled  till  all  the  ellential  oil  was  dif- 
fipated  (which  was  known  by  the  ceflation  of 
the  bubbles)  applied  melted  to  the  wood,  and 
fpread  with  a hot  trowel  over  the  joints.  Vint- 
ners flop  leaks  in  their  calks  with  melted  fuet e 
rubbed  over,  when  cooling,  with  fifted  wood- 
afhes,  or  previoufly  mixed  with  the  afhes  in 
melting. 

The  ufe  of  gum  arabic  difiolved  in  water  for 
cementing  paper  labels  to  bottles,  and  a great 
variety  of  mifcellaneous  purpofes  is  known  to 
every  one.  A ftill  better  cement  for  the  fame 
ufes  is  ifinglafs  difiolved  in  vinegar  to  a pretty 
thick  confiftence  when  warm.  This  congeals 
on  cooling,  and  before  it  is  ufed  it  fhould  be 
gently  warmed. 

Many  of  the  varnifhes  and  oil  paints  are  em- 
ployed in  rendering  veflels  air  and  water  tight. 
Thus  when  canvas  bags  are  faftened  to  a ftop- 
cock  tube  for  air-holders,  the  joining  is  made 
perfectly  tight  by  tying  over  it  flips  of  cloth  or 
bladder  foaked  in  fpirit  vamifti. 

The  following  cement  is  faid  to  be  very  ufe- 
ful in  joining  together  glafs  or  fteel.  Take  of 
maftich  five  or  fix  bits  as  big  as  peas,  diflolve  in 
as  much  alcohol  as  will  render  them  liquid.  In 
another  veflel  diflolve  as  much  ifinglafs  (previ- 
oufly foaked  in  water)  in  brandy  or  rum  as  will 
make  two  ounces  by  meafure  of  a ftrong  glue ; 
warm  it  and  incorporate  with  it,  by  rubbing, 
two  or  three  fmall  bits  of  galbanum  or  ammoni- 
acum,  and  then  the  maftich  folution.  Keep  the 
cement  in  a bottle  well  flopped,  and  gently  warm 
it  before  ufe. 

Thofe  fufible  metallic  compounds  ufed  to 
unite  pieces  of  metal,  form  another  totally  dif- 
tin£l  fpecies  of  cements.  Thefe  are  termed 
Soi.ders,  under  which  they  will  be  deferibed. 

Some  inconveniences  occafionally  attend  the 
ufe  of  thefe  lutes  in  chemical  operations.  The 
application  of  them  takes  up  time  and  requires 
a little  manual  dexterity,  which  can  only  be 
learned  by  pra£lice.  In  fome  nice  experiments 
of  refearch,  where  fubftances  are  decompofed 
by  diftillation,  and  all  the  products  are  to  be 
analyzed,  the  lute  itfelf  is  often  (lightly  corroded 
or  otherwife  a£led  on,  and  introduces  fome  con- 
fufion  in  the  refult.  It  is  partly  on  this  ac- 
count, and  chiefly  to  fave  trouble  to  the  chemift, 
that  the  pra£lice  of  clofely  fitting  glafs  veflels 
by  grinding  is  fo  much  more  ufed  at  prefent 
than  formerly  j but  this  is  always  expen  five* 
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and  In  complicated  apparatus  much  endangers 
the  veflels  by  the  partial  ftrefs  on  the  parts  that 
clofely  fit. 

It  may  be  added,  that  the  modern  ufe  of 
Woulfe’s  apparatus,  or  fimilar  contrivances,  fo 
completely  takes  away  the  preffure  of  expanfive 
vapours  in  all  diftillations,  that  in  many  in- 
ftances  very  fimple  lutes  will  anfwer  now,  where 
formerly  it  was  neceffary  to  render  the  joining* 
of  veflels  as  firm  as  the  veflels  themfelves.  But 
the  proper  application  of  all  thefe  kinds  of 
cements  is  of  great  importance  to  the  practical 
chemift  to  prevent  continual  Ioffes  and  difap- 
pointments. 

CEMENTS  CALCAREOUS. 

In  this  article  it  is  propofed  to  give  an  ac- 
count of  the  various  cements  ufed  in  building, 
into  which  lime  enters  as  an  effential  conftituent 
part,  and  in  order  to  treat  the  fubjeCt  with  a 
degree  of  cleamefs  in  fome  meafure  correfpond- 
ing  to  its  importance,  it  will  be  advifable  to 
arrange  every  kind  of  calcareous  cement  under 
one  or  other  of  the  following  three  divifions, 
firft,  fimple  calcareous  cement : fecondly,  water 
cements : thirdly,  maftichs  or  maltha. 

§ I.  Simple  Calcareous  Cements. 

This  feCtion  includes  thofe  kinds  of  mortar 
which  are  employed  in  buildings  on  land,  -and 
generally  confift  of  lime,  fand,  and  frelh  water. 

The  various  kinds  of  marble,  chalk,  and 
lime  flone,  as  far  as  regards  their  ufe  in  cements, 
may  be  divided  into  two  fpecies ; the  firft  being 
pure,  or  nearly  pure  carbonat  of  lime,  the  fecond 
containing  befides  from  to  TV  of  clay  and 
oxyd  of  iron.  Previous  to  burning  or  calcina- 
tion, there  are  no  external  characters  by  which 
the  fimple  limeftones  can  be  diftinguifhed  from 
the  argillo-ferruginous  ones;  but  the  former, 
whatever  may  have  been  their  colour  in  the 
crude  ftate,  become  when  calcined,  of  a white 
colour,  while  the  latter  poffefs  more  or  lefs  of  a 
light  ochery  tinge.  The  brown  lime  is  by  far 
the  beft  for  all  kinds  of  cements,  but  the  white 
varieties  being  more  abundant,  and  allowing  of 
a larger  proportion  of  fand,  are  generally  made 
ufe  of.  It  was  an  opinion  of  the  ancients,  and 
is  ftill  commonly  received  among  architects* 
that  the  hardeft  lime  ftone,  ceteris  paribus,  fur- 
nifhes  the  beft  lime;  hence  marble  was  con- 
fidcred  as  fuperior  to  common  limeftone,  and 
this  latter  to  chalk.  The  experiments  of  Mr. 
Smeaton,®  however,  {how  that  this  is  entirely  a 
miftake,  common  chalk  and  the  hardeft  Ply- 
mouth marble,  when  fimilarly  treated,  affording 
Cements  of  equal  fivmnefs. 

* Hilt,  of  Eddyflone  Light  Houle.  * Ibid. 


When  carbonated  lime  has  been  thoroughly 
burnt  it  is  deprived  of  its  water,  and  of  all,  or 
nearly  all  of  its  carbonic  acid  ; if  in  this  ftate  it 
is  plunged  into  water,  and  immediately  taken 
out  again,  the  water  which  it  has  abforbed  will 
occafion  the  mafs  to  crack  and  become  excef- 
fively  hot,  and  at  length  to  fall  into  an  impalp- 
able powder,  much  of  the  water  being  carried 
off  in  the  form  of  {team  during  the  procefs. 
When  lime  has  been  thus  flacked,  if  it  is  beaten 
up  with  a little  water  into  a very  ftiff  pafte  and 
allowed  to  dry,  it  will  be  found  that  the  white 
limes,  whether  from  chalk  or  marble,  never  ac- 
quire any  degree  of  hardnefs,  that  the  brown 
limes  become  confiderably  indurated,  though 
not  fo  much  fo  as  when  mixed  with  fand,  and 
that  {hell  lime  (procured  by  calcining  fea-fhells) 
concretes  into  a firm  hard  cement  well  qualified 
for  dry  building,  although  it  falls  to  pieces  in 
water.* 

A proper  fele£tion  of  fand  is  of  great  import- 
ance in  the  compofition  of  mortar  ; the  (harper 
and  coarfer  it  is,  the  better,  both  becaufe  it  re- 
quires a fmaller  proportion  of  lime,  which  is 
the  molt  coftlv  ingredient,  and  becaufe  the 
mortar  thus  prepared  is  ftronger  than  when  fine- 
grained and  round  fand  is  made  ufe  of.  Sea  fand 
requires  to  be  well  waftred  in  frelh  water  to 
diffolve  out  the  fait  with  which  it  is  mixed,  other- 
wife  the  cement,  into  which  it  enters,  never 
becomes  thoroughly  dry  and  hard.  The  Roman 
builders  were  accuftomed  to  allow  four  parts 
of  coarfe  {harp  pit  fand,  and  only  three  parts 
of  river  or  fea  fand  to  one  of  lime.c  If,  how- 
ever, the  cement  was  required  to  be  very  com- 
pact, the  proportion  of  lime  was  increafed:  thus 
the  mortar  ufed  in  conftruCting  refervoirs  for 
water,  confifted  of  two  parts  of  the  ftrongeft 
lime  and  five  parts  of  pure  and  {harp  fand.d 

The  weaknefs  of  modern  mortar  compared 
to  the  ancient  is  a common  fubjeCt  of  regret, 
and  many  ingenious  men  taking  for  granted 
that  the  procefs  ufed  by  the  Roman  architects 
in  preparing  their  mortar  is  one  of  thofe  arts 
which  are  now  loft,  have  employed  themfelves 
in  making  experiments  to  recover  it  inftead  of 
attending  to  the  directions  left  us  in  Pliny  and 
other  authors,  which  when  illuftrated  by  the 
aCtual  praCtice  of  builders  in  various  parts  of 
Europe,  feem  to  leave  little  or  no  doubt  on  the 
fubjeCt. 

The  charaCteriftic  of  all  modern  artifls, 
builders  among  the  reft,  feems  to  be  to  fpare  their 
time  and  labour  as  much  as  poffible,  and  to  inr 
creafe  the  quantity  of  the  articles  they  produce. 

• Pliny,  Ilift.  Nat.  Lib.  xxxvi. 


CE  M 


C E M 


( 278  ) 


without  much  regard  to  their  goodnefs ; and 
perhaps  there  is  no  manufacture  in  which  this 
is  fo  remarkably  exemplified  as  the  preparation 
of  common  mortar,  efpecially  in  London  and 
its  neighbourhood. 

One  radical  fault  is  the  ufe  of  chalk  inftead  of 
ftone  lime,  for  although  chalk  when  perfectly 
burnt  is  equally  good  as  the  hardeft  lime,  yet 
it  poffeffes  two  capital  difadvantages,  firft,  it 
will  fall  into  a coarfe  powder  on  the  application 
of  water,  when  it  is  only  partially  calcined, 
which  ftone  lime  will  not ; and  fecondly,  the 
cores  or  unburnt  lumps  may  be  broken  down  by 
a blow  with  the  fpade,  and  are  therefore  very 
feldom  rejeCted  as  they  ought  to  be.  The 
whiteft  chalk  is  the  word  of  all,  both  as  being 
the  fofteft,  and  as  being  a fat  lime,  that  is,  con- 
taining no  clay  and  iron,  in  confequence  of 
which  a larger  proportion  of  fand  may  be  incor- 
porated with  it,  and  the  mortar  becomes  lefs 
compaCt.  The  yellowifh  grey  chalk  on  the 
other  hand  is  the  belt,  fince  it  is  fomewhat 
harder  than  the  former,  and  being  a meagre  lime, 
containing  a portion  of  clay,  it  will  not  admit 
of  fo  much  fand.  The  Dorking  lime  which  is 
the  belt  of  thofe  ufed  in  London,  is  a chalk 
lime  of  this  defcription,  and  contains  about  T'T 
of  clay.e 

Another  effential  fault  in  London  mortar  is 
the  bad  quality  of  the  fand  with  which  it  is 
compofed.  This  is  pit-fand,  but  very  different 
from  the  kind  recommended  by  Pliny  and  Vi- 
truvius; inftead  of  being  clean,  large-grained, 
and  fharp,  it  is  of  a dirty  brownifh  grey  colour, 
being  foiled  by  a mixture  of  clay,  and  is  com- 
pofed of  fmall  round  grains.  Its  finenefs  and 
fmoothnefs  cannot  be  amended,  but  by  walhing 
it  well  in  running  water  the  clay  might  un- 
queftionably  be  got  rid  of,  and  this  would  be  no 
trifling  improvement ; for  Smeaton  has  fhown 
by  direct  experiment  that  mortar  of  the  belt 
quality  when  mixed  with  a fmall  proportion  of 
unburnt  clay  never  acquires  that  hardnefs  and 
drynefs  which  without  this  addition  it  would 
fpeedily  have  attained. 

The  method  of  preparing  common  mortar  is 
alfo  extremely  imperfeCL  The  lime  being  flacked 
by  the  addition  of  water,  and  the  unburnt  lime 
being  broken  down  and  mixed  with  the  reft,  a 
large  quantity  of  dirty  fand  is  added,  and  the 
whole  being  incorporated  by  means  of  a fpade 
is  reckoned  to  be  fit  for  ufe ; thus  the  principal 
point  in  the  making  of  mortar,  namely,  beating 
the  ingredients  together  fo  as  to  mix  them  tho- 
roughly, is  flurred  over  in  a hafty  carelefs  man- 


ner, and  the  refult,  as  might  be  expe£ted,  is  a 
crumbling  mafs  fcarcely  fit  for  ufe.  The  Roman 
builders,  on  the  other  hand,  after  they  had 
mixed  together  the  materials,  employing  for  this- 
purpofe  a fmaller  proportion  of  water  than  is 
cuftomary  at  prefent,  put  the  mafs  into  a large 
wooden  mortar,  and  beat  it  till  it  ccafed  to  ad- 
here to  the  heavy  wooden  or  iron  peftle  which 
was  ufed  on  the  occafion.  A pra£tice  this  which 
has  been  long  followed  by  the  Dutch  with  eom- 
pleat  fuccefs,  as  will  be  fhown  in  the  next 
fecftion,  and  the  high  utility  of  which  is  alfo 
proved  by  Mr.  Smeaton,  in  his  hiftory  of 
Eddyftone  light-houfe. 

Frefh  made  mortar,  if  kept  under  ground  in 
confiderable  maffes,  may  be  preferved  for  many 
months  without  injury ; and  the  older  it  is  be- 
fore it  is  ufed  the  better,  the  builder  taking  the 
precaution  to  beat  it  up  afrefh  previous  to  ufing 
it ; for  it  not  only  fets  fooner,  but  acquires  a 
greater  degree  of  hardnefs,  and  is  lefs  apt  to 
crack.  Pliny  informs  us  that  the  ancient  Ro- 
man laws  prohibited  builders  from  ufing  mortar 
that  was  lefs  than  three  years  old,  and  to  this 
circumftance  he  exprefsly  attributes  the  remark- 
able firmnefs  of  the  oldeft  buildings  in  the  city. 
A fimilar  law  prevailed,  and,  we  believe,  ftill 
prevails  in  Vienna,  requiring  the  mortar  to  be  a 
year  old  before  it  is  employed.  But  there  is 
nothing  which  fhows  in  fo  ftriking  a point  of 
view  the  advantage  and  neceffity  of  beating  mor- 
tar, and  that  the  effedft  produced  is  owing  to 
fomething  more  than  a mere  mechanical  mixture 
of  the  ingredients,  as  the  preparation  of  grout  or 
liquid  mortar.  This  differs  from  common  mortar 
only  in  containing  a larger  quantity  of  water, 
fo  as  to  be  fufficiently  fluid  to  penetrate  the 
narrow  irregular  cracks  and  interfaces  of  rough 
ftone  walls,  and  is  generally  made  by  diluting 
common  mortar  with  water  either  cold  or 
hot.  It  not  unfrequently  happens  that  this 
grout  refufes  to  fet,  and  at  all  times  it  is  a long 
while  in  acquiring  the,  proper  hardnefs : but  if 
inftead  of  common  mortar,  that  which  has  been 
long  and  thoroughly  beaten  is  employed,  the 
grout  will  fet  in  the  fpace  of  a day,  and  foon 
after  acquire  a degree  of  hardnefs  much  fupe- 
rior  to  what  is  made  in  the  common  manner. 

§ 2.  Water  Cements. 

Although  a well  made  mortar  compofed 
merely  of  fand  and  lime,  if  allowed  to  dry,  be- 
comes impervious  to  water,  fo  as  to  ferve  for 
the  lining  of  refervoirs  and  aquedu&s,  yet  if  the 
circumftances  of  the  building  are  fuch  as  to 
render  it  impracticable  to  keep  out  the  water 
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whether  frefli  or  fait  a fufficient  length  of  time, 
the  ufe  of  common  mortar  mull  be  abandoned ; 
for  lime  and  fand  if  mixed  together  in  any  pro- 
portions, and  put  while  foft  into  water,  will  in 
a ffiort  time  fall  to  pieces. 

Among  the  nations  of  antiquity  the  Romans 
appear  to  have  been  the  only  people  who  prac- 
tifed  building  in  water,  and  efpecially  in  the  fea, 
to  any  great  extent.  The  bay  of  Baiae,  like  our 
falhionable  watering  places,  was  the  fummer 
refort  of , all  the  wealthy  in  Rome,  who  not  con- 
tent with  erecting  their  villas  as  near  the  fhore 
as  poffible,  were  accuftomed  to  conftru£t  moles, 
and  form  fmall  iflands  in  tire  more  fheltered 
parts  of  the  bay,  on  which,  for  the  fake  of  the 
grateful  coolnefs,  they  built  their  fummer  houfes 
and  pavilions.  They  were  enable  to  build  thus 
fecurely  in  the  water  by  the  fortunate  difcovery 
at  the  neighbouring  town  of  Puteoli  of  an 
earthy  fubftance,  which,  from  this  circumftance, 
was  called pulvis  Puteolanus  (powder  of  Puteoli ). 
Puteolan  powder,  or  as  it  is  now  denominated 
Puzzolana,  is  a light,  porous,  friable  mineral  of 
a red  colour,  and  is  generally  fuppofed  to  de- 
rive its  origin  from  concreted  volcanic  afhes 
thrown  out  from  Vefuvius,  near  to  which 
mountain  the  town  of  Puteoli  is  fituated  : it 
feems  to  confift  of  a ferruginous  clay  baked 
and  calcined  by  the  force  of  volcanic  fire,  and 
when  mixed  with  common  mortar,  not  only 
enables  it  to  acquire  a remarkable  hardnefs  in 
the  air,  but  to  become  as  firm  as  ftone  even 
under  water.  The  only  preparation  which 
Puzzolana  undergoes  is  that  of  pounding  and 
fifting,  by  which  it  is  reduced  to  a coarfe 
powder : in  this  Hate,  being  thoroughly  beaten 
up  with  lime,  either  with  or  without  fand,  it 
forms  a mafs  of  remarkable  tenacity  which 
fpeedily  fets  under  water,  and  becomes  at  lead 
■as  ftrong  as  good  freeftone.  In  the  compofition 
of  water  cements  it  is  that  the  fuperior  efficacy 
of  argillo-ferruginous  lime  compared  with  the 
purer  kinds  is  mod  drikingly  manifed,  and  as 
building  in  water  is  generally  very  expenfive 
and  difficult  to  repair,  every  precaution  ffiould 
be  taken  to  fecure  the  goodnefs  of  the  cement. 
In  fituations  expofed  to  the  violent  ffiocks  of 
the  fea  the  difference  of  expence  between  the 
bed  and  inferior  kinds  of  mortar  is  fo  little, 
compared  to  the  whole  cod  and  the  fatisfaftion 
of  perfect  fecurity  that  the  cement  ought  to  be 
of  the  very  bed  quality.  That  which  was  ufed 
by  Mr.  Smeaton,  in  the  condru£tion  of  Eddy- 
done  light  houfe,  was  compofed  of  equal  parts 
by  meaiure  of  flacked  Aberthaw  lime  and  Puzzo- 
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lana ; but  for  works  that  are  lefs  expofed,  fuch 
as  locks  and  bafons  for  canals,  &c.  the  propor- 
tions of  Puzzolana  may  be  confiderably  dimi- 
niffied.  A compofition  of  this  kind  which  has 
been  found  very  effectual  is  2 buffiels  of  flacked 
Aberthaw  lime,  i buffiel  of  Puzzolana,  and  3 
of  clean  fand ; the  whole  being  beaten  well 
together  with  the  proper  quantity  of  water  will 
yield  4.67  cubic  feet  of  cement. 

The  Dutch  have  pra£tifed  building  in  water 
to  a greater  extent  than  any  other  nation  of 
modern  Europe,  and  to  them  is  due  the  difco- 
very of  a cement  admirably  well  qualified  for 
this  purpofe,  and  called  tarras  or  trafs.  This  is" 
nothing  more  than  wakke  or  cellular  bafalt,  and 
is  procured  chiefly  from  Bockenheim,  Frankfort 
on  the  Maine,  and  Andernach,  whence  it  is 
tranfported  down  the  Rhine  in  large  quantities 
to  Holland/  It  undergoes  no  further  prepara- 
tion than  grinding  and  fifting,  and  being  thus 
reduced  to  the  confiftence  of  coarfe  fand  it  is 
beaten  up  with  the  blue  argillaceous  lime  front 
the  banks  of  the  Schelde,  and  thus  compofes 
the  celebrated  tarras  mortar  with  which  the 
mounds  and  other  conftru&ions  for  the  purpofe 
of  protecting  the  lowlands  of  Holland  againft 
the  fea  are  cemented.  The  ftrongeft  tarras 
mortar  is  compofed  of  2 meafures  of  flacked 
lime,  and  1 of  tarras;  another  kind  almoft  equally 
good  and  confiderably  cheaper,  is  made  of  two 
meafures  of  flacked  lime,  one  of  tarras,  and 
3 of  coarfe  clean  fand  ; it  requires  to  be 
beaten  a longer  time  than  the  foregoing, 
and  produces  3 4-  meafures  of  excellent  mor- 
tar. When  the  building  is  conftruCted  of 
rough  irregular  ftones  where  cavities  and 
large  joints  are  to  be  filled  up  with  cement,  the 
pebble  mortar  may  be  molt  advantageoufly  ap- 
applied  : this  was  a favourite  mode  of  conltruc- 
tion  among  the  Romans,  and  has  been  ufed  ever 
fince  their  time  in  thofe  works  in  which  a large 
quantity  of  mortar  is  required.  Pebble  mortar 
will  be  found  of  fufficient  compaCtnefs  if  com- 
pofed of  2 meafures  of  flacked  argillaceous  lime, 
half  a meafure  of  tarras  or  puzzolana,  1 mea- 
fure  of  coarfe  fand,  1 of  fine  fand,  and  4 of 
fmall  pebbles  fcreened  and  wafhed.  Although 
the  cellular  bafalt  is  the  only  kind  admitted  into 
the  preparation  of  Dutch  tarras,  yet  it  appears 
from  fome  good  experiments  of  Morveau,  on 
the  fubjeCt,  that  the  common  compact  bafalt  if 
previoufly  calcined  will  anfwer  nearly  the  fame 
purpofe. s Great  Britain  is  at  a confiderable 
annual  expence  ia  purchafing  tarras  from  Hol- 
land, it  may  be  worth  while  therefore  to  point 
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put  fome  of  our  domeftic  treafures  of  the  fame 
material.  The  compadf  bafalt  abounds  in  all 
the  diftridls  where  coal  is  raifed,  and  may  there- 
fore be  procured  eafily,  and  calcined  with  the 
refufe  coal  fo  as  to  be  fold  at  a cheap  rate  : the 
Calton  hill  adjoining  to  Edinburgh  confifts 
almoft  entirely  of  cellular  bafalt,  and  being  but 
a fhort  diftance  from  the  port  of  Leith,  offers 
an  inexhauftible  abundance  at  fmall  coft. 

In  fome  parts  of  the  Low  Countries  coal 
afhes  are  fubftituted  for  tarras  with  very  good 
effedt,  of  which  the  valuable  cetidree  de  1'eurnay 
is  a ftriking  inftance.  The  deep  blue  argil  lo- 
ferruginous  lime  ftone  of  the  Schelde  is  burnt 
in  kilns  with  a llaty  kind  of  pit  coal  that  is 
found  in  the  neighbourhood:  when  the  calcina- 
nation  of  the  lime  is  compleated,  the  pieces  are 
taken  out,  and  a confiderable  quantity  of  duff 
and  fmall  fragments  remain  at  the  bottom  of 
the  kiln.  This  refufe  confifts  of  coal  alh  mixed 
with  about  of  lime  duft,  from  which  the  cen- 
dree  is  thus  prepared.  About  a bufhel  of  the 
materials  is  put  in  any  fuitable  veffel,  and 
fprinkled  with  water  juft  fufficient  to  Hack  the 
lime  •,  another  bufhel  is  then  treated  in  the 
fame  way,  and  fo  on  till  the  veffel  is  filled : in 
this  ftate  it  remains  fome  weeks,  and  may  be 
kept  for  a much  longer  time  if  covered  with  moift 
earth.  A ftrong  open  trough,  containing  about 
two  cubic  feet,  is  filled  about  two-thirds  full 
with  the  cement  in  the  above  ftate,  and  by 
means  of  a heavy  iron  peftle  fufpended  at  the 
end  of  an  elaftic  pole  is  well  beaten  for  about 
half  an  hour ; at  the  end  of  this  time  it  becomes 
of  the  confiftence  of  foft  mortar,  and  is  then 
laid  in  the  fhade  from  three  to  fix  days  accord- 
ing to  the  drynefs  of  the  air;  when  fufficiently 
dry,  it  is  beaten  again  for  half  an  hour  as  before, 
and  the  oftener  it  is  beaten  the  better  will  be 
the  cement ; three  or  four  times  however  are 
fufficient  to  reduce  the  cement  to  the  confift- 
ence of  an  uniform  fmooth  pafte ; after  this 
period  it  is  apt  to  become  refractory  on  account 
of  the  evaporation  of  its  water,  as  no  more  of 
this  fluid  is  allowed  to  enter  the  compofition  than 
what  was  at  firft  employed  to  flack  the  lime. 
The  cement  thus  prepared  is  found  to  poffefs  the 
fingular  advantage  of  uniting  in  a few  minutes 
fo  firmly  to  brick  or  ftone  that  ftill  water  may 
be  immediately  let  in  upon  the  work  without 
any  inconvenience;  and  by  keeping  it  dry  for 
24  hours,  it  has  afterwards  nothing  to  fear  from 
the  moft  rapid  current. 

Somewhat  analogous  to  the  preceding  is  a 
cement  ufed  in  certain  parts  of  England  with 
advantage,  and  called  affi-mortar.  It  is  pre- 
pared by  flacking  two  bufliels  of  frefti  burnt 


meagre  lime,  and  mixing  it  accurately  with  three 
bufliels  of  wood-affies:  the  mafs-is  to  lie  till  it 
is  cold,  and  is  then  to  be  well  beaten:  in  this 
ftate  it  will  keep  a confiderable  time  without 
injury,  and  even  with  advantage,  provided  it  is 
thoroughly  beaten  twice  or  thrice  before  it  is 
ufed.'1 

The  fcales  of  black  oxyd  which  are  detached 
by  hammering  red-hot  iron,  and  are  therefore 
to  be  procured  at  the  forges  and  blackfmiths’ 
fhops,  have  been  long  known  as  an  excellent 
material  in  water  cements,  but  we  believe  that 
Mr.  Smeaton  was  the  firft  perfon  who  made 
any  accurate  experiments  on  their  efficacy  com- 
pared with  other  fubftances.  The  fcales  being 
pulverized  and  lifted,  and  incorporated  with  the 
lime  in  the  fame  manner  as  puzzolana,  are 
found  to.  produce  a cement  equally  powerful 
with  puzzolana  mortar,  if  employed  in  the  fame 
quantity.  Induced  by  the  fuccefs  of  thefe  ex- 
periments, Mr.  S.  fubftituted  roafted  iron  ore 
for  the  fcales,  and  found  that  this  alfo  gave  to 
mortar  the  property  of  fetting  under  water  : it 
requires  however  to  be  ufed  in  greater  propor- 
tions than  either  tarras  or  puzzolana : two 
bufhels  of  argillaceous  lime,  two  of  iron  ore, 
and  one  of  fand,  being  mixed  with  the  fame  care 
as  we  have  already  mentioned,  produce  3.22 
cubic  feet  of  cement  fully  equal  to  tarras  mortar. 
If  the  common  white  lime  is  made  ufe  of,  it 
will  be  advifeable  to  employ  equal  quantities  of 
all  the  three  ingredients. 

Nothing  more  remains  to  be  faid  on  this  part 
of  the  fubjedt  but  a few  words  concerning  the 
choice  of  the  water  by  which  the  feveral  ingre- 
dients of  the  cement  are  to  be  mingled  together. 
River  or  pond  water,  where  it  can  be  had  eafily, 
is  to  be  preferred  to  fpring  water,  but  for  works 
expofed  to  the  adtion  of  the  fea,  fuch  as  piers, 
light-houfes,  &c.  it  is  ufually  more  convenient, 
and  equally  advantageous  in  other  refpedts  to 
ufe  fait  water.  The  great  point,  and  which  is 
too  often  negledfed,  is  not  to  put  in  too  much 
of  either  one  or  the  other  : it  is  infinitely  better 
to  employ  no  more  than  is  requifite  to  flack  the 
lime,  and  fo  incorporate  the  materials  at  the  ex- 
pence cf  a little  more  labour  than  by  a fuperflu- 
ity  of  water  to  bring  the  whole  to  the  proper 
confiftence  without  beating. 

§ 3.  Maltha  or  Majlich. 

Under  this  term  we  include  thofe  calcareous 
cements  of  a more  complicated  kind  whofe  hard- 
nefs  appears  to  depend  on  the  oily  and  mucila- 
ginous fubftances  that  enter  into  their  compo- 
fition. The  ufe  of  thefe  is  at  prefent  very 
limited,  at  leaft  in  Europe,  but  they  were  highly 
efteemed  by  the  ancients,  efpecially  for  ftuccu. 
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The  Maltha  of  the  Greeks  feems  to  have  been 
more  fimple  than  that  employed  by  the  Roman 
architects ; at  lead  we  are  informed  that  Panae- 
nus,  the  brother  of  Phidias,  lined  the  infide  of 
the  temple  of  Minerva,  at  Elis,  with  a flucco, 
in  which  the  ufual  materials  (fand  and  lime)  were 
mixed  up  with  milk  inllead  of  water,  fome  faf- 
fron  being  alfo  added  to  give  it  a yellow  tinge. 
The  Roman  Maltha,  according  to  Pliny,k  was 
prepared  in  the  following  manner.  Take  frclh 
burnt  lime,  Hack  it  with  wine,  and  beat  it  up 
very  well  in  a mortar  with  hog’s-lard  and  figs : 
this  cement  if  well  made,  is.  exceflively  tenacious, 
and  in  a fhort  time  becomes  harder  than  Hone  : 
the  furface  to  which  it  is  to  be  applied  is  to  be 
previoufly  oiled  in  order  to  make  it  adhere. 
Another  kind  almoft  ecjually  drong  and  coniide- 
rably  cheaper  was  prepared  by  beating  up  to- 
gether fine  flacked  lime,  pulverized  iron  fcales, 
and  bullock’s  blood.  In  the  preparation  of 
maltichs,  as  well  as  of  every  other  kind  of  mor- 
tar, fo  much  depends  on  the  manipulation,  and 
efpecially  on  the  care  which  is  taken  to  incor- 
porate the  ingredients  by  long  beating,  that  thofe 
countries  in  which  labour  is  of  the  lead  value 
poffefs  in  general  the  bed  mortar.  Hence  no 
doubt  principally  arifes  the  unrivalled  excellence 
of  the  mortar  made  by  the  Tunifians  and  other 
inhabitants  of  the  northern  coad  of  Africa, 
which,  according  to  Dr.  Shaw,  is  prepared 
in  the  following  manner.  One  meafure  of 
fand,  two  of  wood  afhes,  and  three  of  lime, 
being  previoufly  fifted,  are  mixed  together, 
and  fprinkled  with  a little  water ; after  the  mafs 
has  been  beaten  fome  time  a little  oil  is  added  : 
the  beating  is  carried  on  for  three  days  fuccef- 
fively,  and  as  the  evaporation  in  that  hot  climate 
is  confiderable,  the  cement  is  kept  at  the  proper 
degree  of  foftnefs  by  the  alternate  addition  of 
very  fmall  quantities  of  water  and  oil.  The 
cement  being  compleated  is  applied  in  the  ufual 
manner,  and  fpeedily  acquires  a dony  hard- 
nefs.  The  lad  fpecies  of  Maltha  that  we  fhall 
mention  is  the  celebrated  chunam  of  India, 
where  it  has  been  ufed  from  time  immemorial. 
The  method  in  which  it  is  prepared  at  Madras 
is  as  follows.1 

Take  15  bufhels  of  pit  fand,  and  15  bufliels 
of  done  lime,  flack  the  latter  with  water,  and 
when  it  has  fallen  to  powder  mix  the  two  in- 
gredients together,  and  let  them  remain  un- 
touched for  three  days.  In  the  mean  time 
diflolve  20  lbs.  of  molaffes  in  water,  boil  a peck 
of  gramm  (a  kind  of  pea)  to  a gelly  ; boil  a peck 
of  mirabolans  alfo  to  a gelly,  mix  the  three 
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liquors  and  incorporate  part  of  the  mixture  very, 
accurately  with  the  lime  and  fand,  fo  as  to  make 
a very  fluid  cement : fome  fliort  tow  is  now  to  be 
well  beaten  into  it,  and  it  is  then  fit  for  ufe. 
The  bricks  are  to  be  bedded  in  as  thin  a layer  as 
poflible  of  this  mortar,  and  when  the  workmen 
leave  off,  though  but  for  an  hour,  the  part 
where  they  recommence  working  is  to  be  well 
moidened  with  fome  of  the  above  liquor  before 
the  application  of  any  frefli  mortar.  When 
this  is  ufed  for  ducco,  the  white  of  four  or  five 
eggs,  4 oz.  of  butter,  or  fefamum  oil,  and  a 
pint  of  butter-milk,  are  to  be  ground  up  w iflt 
every  half  bufhel  of  cement,  and  the  mixture  is 
to  be  applied  immediately. 

It  is  to  be  regretted  that  no  experiments  have 
as  yet  been  indituted  to  afcertain  the  caufe  of 
the  induration  of  calcareous  cements : it  is  obvi- 
oufly  not  owing  to  the  abforption  of  carbonic 
acid,  becaufe  in  numerous  indances  the  cement 
hardens  long  before  the  lime  is  faturated  : in  the 
different  kinds  of  maltha  the  lime  combines  with 
the  albumen,  mucilage,  and  oil,  with  which  it  is 
in  contaCt,  and  in  all  probability  takes  up  little 
or  no  carbonic  acid,  and  if  it  is  true  that  the 
lime  in  old  mortar  cannot,  by  burning,  be  re- 
converted into  quicklime,  it  may  reafonably  be 
quedioned  whether,  even  in  the  fimple  calcareous 
cements,  carbonic  acid  aCts  fo  important  a part 
as  is  ufually  attributed  to  it. 

CERUMEN,  or  Ear  Wax. 

This  fecretion  is  known  to  be  a yellow  glu- 
tinous fubdance,  extremely  bitter,  which  is  al- 
ways contained  in  greater  or  lefs  quantity  in  the 
canal  from  the  external  ear  to  the  tympanum. 
By  the  analyfis  of  Vauquelin 111  it  appears  to  be 
confiderably  combudible,  and  largely  foluble 
in  alcohol ; the  refidue  not  aCted  on  by  this 
liquor  readily  unites  with  alkalies.  It  appears 
to  be  compofed  of  a fat  oil  refembling  that  of 
the  bile ; of  an  albuminous  mucilage  ; and  of 
a peculiar  colouring  matter,  in  which  alfo  the 
bitternefs  feems  to  refide.  The  quantity  col- 
lected was  too  fmall  for  a more  accurate  ex- 
amination. 

The  ufe  of  the  ear-wax  is  not  precifely 
known,  but  a due  quantity  of  it  feems  effential 
to  the  fenfe  of  hearing.  It  is  readily  foftened 
by  drong  foap  and  water,  which  forms  a good 
injeCtion  to  loofen  it  from  the  ears  when  it  has 
collected  in  too  large  quantity,  a very  common 
caufe  of  deafnefs. 

CERUSSE,  or  White  Lead , is  a white  oxyd 
of  this  metal  prepared  by  the  vapour  of  vinegar. 
See  Lead. 

p.  *31.  “ Fouwroy  Syll.  des  ConnoifT.  Chita. 
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CERUSSE  OF  ANTIMONY  Is  a perfe& 
oxyd  of  antimony  prepared  by  nitre.  See  An- 
timony. 

CHALCEDONY.  * 

Of  this  mineral  there  are  two  fubfpecies. 

i.  Snbfpecies.  Common  Chalcedony.  Ge- 
oneiner  Kalzedon, Werner.  Calcedoine,  F r.  Quartz 
agathe  calcedoine.  Hauy. 

The  colour  of  chalcedony  is  bluifh  grey,  pafs- 
ing  into  milk-white  and  fmalt-blue ; greenifh 
grey,  palling  into  apple  and  olive  green ; and 
yellowilh  grey,  palling  into  wax  and  ochre-yel- 
low, yellowifh  and  blackilh  brown,  and  brownilh 
black.  Two  or  more  of  thefe  colours  are  not 
unfrequently  found  in  the  fame  fpecimen,  of 
which  one  generally  forms  the  bafis,  while  the 
others  are  diftributed  over  its  furface  in  dots, 
clouds,  or  {tripes : when  white  and  yellowifh 
brown  flripes,  alternate  with  each  other,  the 
Hone  is  called  an  onyx,  and  is  highly  efteemed 
by  the  lapidaries.  The  grey  varieties,  with  thick 
prifmatic  diftinct  concretions,  when  tranfverfely 
cut,  prefent  iridefcent  colours  when  held  to  the 
light,  and  have  hence  been  named  rainbow 
chalcedony . The  tranflucid  milk-white  variety 
is  called  cacholong.  The  green  and  fmalt-blue 
varieties  are  the  rareft  ; the  dark  coloured  ones 
when  cut  thin  and  held  to  a ftrong  light,  appear 
blood-red. 

It  is  found  maffive,  forming  veins,  in  round 
balls  of  various  fizes,  called  geodes,  alfo  kidney- 
Ihaped,  botryoidal,  ftala&itic,  mamillated,  and 
impreffed  by  various  organized  bodies,  fuch  as 
turbinites,  &c. : certain  cryftalline  forms,  efpeci- 
ally  thofe  of  quartz  have  alfo  been  attributed  to 
chalcedony,  but  thefe  appear  to  be  nothing  more 
than  cryftals  of  quartz  coated  over  with  chal- 
cedony. It  poffeffes  little  or  no  luftre.  (Its 
fra&ure  is  perfeftly  even,  palling  into  fine  fplin- 
tery  and  flat  conchoidal.  It  breaks  into  in- 
determinate {harp-edged  fragments.  It  fre- 
quently exhibits  concentric  lamellar  or  angular 
diftindi  concretions.  It  is  commonly  femitranf- 
parent ; but  the  darker  coloured  varieties  are 
only  tranflucent.  It  is  fomewhat  harder  than 
flint,  and  by  no  means  fo  eafily  broken.  Sp. 
gr.  2.58  2.65.  It  is  infufible  per  fe  before  the 
blowpipe,  but  becomes  milk-white  and  opake. 
According  to  Bergman  the  chalcedony  from 
Ferroe  conlifts  of 
84.  Silex 

16.  Alumine,  and  a little  iron 
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It  occurs  in  geodes  and  veins  in  Amygdaloid; 
alfo  in  veins  accompanied  by  quartz,  pyrites, 
&c.  in  porphyry.  It  was  anciently  procured 
from  Chalcedon  in  leffer  Afia,  whence  its  name, 
but  at  prefent  is  found  principally  in  Scotland 
and  the  adjoining  iflands,  in  Cornwall,  Iceland, 
Saxony,  Hungary,  Piedmont,  and  various  parts 
of  Afiatic  Ruflia. 

2d  Subfpecies,  Carnelian.  Karniol,  Werner. 
Carnaline , Fr. 

The  ufual  colour  of  this  mineral  is  blood-red, 
whence  it  paffes  into  flefli-red,  reddilh-white, 
milk-white,  orange,  and  honey-yellow : two  or 
more  colours  often  occur  in  the  fame  fpecimen, 
difpofed  in  zones,  ftripes,  and  arborizations. 
It  occurs  in  veins  and  rounded  pieces ; has  a 
conchoidal  fradlure  and  a flight  degree  of  luftre. 
In  other  refpe£ls  it  agrees  with  common  chal- 
cedony. The  variety  with  alternate  white  and 
red  ftripes,  is  called  Sardonyx.  Carnelian  ii 
found  in  various  parts  of  Europe,  but  the  moft 
beautiful  and  valuable  pieces  are  brought  from 
Arabia,  and  Surat,  and  Cambay  in  India.  Car- 
nelian from  its  beauty  and  hardnefs,  has  always 
been  much  fought  after  by  lapidaries,  fome  of 
the  fineft  antique  cameos  are  formed  of  it. 

It  is  cuftomary  among  modern  mineralogifts 
to  place  agate  as  an  appendage  to  the  fpecies  of 
chalcedony,  fince  it  is  to  this  mineral  that  the 
former  is  indebted  for  its  moft  ftriking  charac- 
ters, and  becaufe  the  coloured  chalcedonies  pafs 
imperceptibly  into  agate. 

Agate  is  a mixture  of  chalcedony,  carnelian,. 
jafper,  hornftone,  quartz,  heliotrope,  amethyft, 
and  indurated  lithomarga,  aggregated  into  bi- 
nary or  more  complex  combinations.  It  has 
neverthelefs  feveral  charadlers  by  which  it  may 
be  diftinguifhed  from  other  minerals. 

Although  it  confifts  of  parts  differing  from 
each  other  in  colour  and  tranfparency,  yet  thefe 
poffefs  a certain  uniformity  of  arrangement, 
and  Aide  into  each  other  by  fuch  nice  grada- 
tions, as  {how  them  to  have  been  all  of  fimul- 
taneous  formation.  As  it  differs  in  the  colour 
of  its  conftituent  parts,  fo  it  does  alfo  in  their 
tranfparency ; it  is  never  wholly  opake  like 
jafper,  nor  tranfparent  like  quartz  cryftal:  it 
takes  a very  high  polifh,  and  its  opaker  parts 
ufually  prefent  the  appearance  of  dots,  eyes, 
veins,  zones,  clouds,  bands,  or  ramifications. 

It  is  found  in  the  form  of  irregular  rounded 
nodules,  from  the  fize  of  a pin’s-head  to  more 
than  a foot  in  diameter,  or  in  veins  or  ftrata, 
and  fometimes  ftala&itic.  Several  varieties  of 
agate  are  diftinguifhed  by  lapidaries.  The  finer 
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kinds  confifting  chiefly  of  chalcedony,  carnelian, 
and  heliotrope,  are  called  oriental.  In  the 
banded  or  ribbon-agate,  the  colours  are  dif- 
.pofed  in  ftrait  parallel  lines  or  bands.  In  the 
fortification  agate,  the  moft  beautiful  of  all  the 
varieties,  the  colours  are  arranged  in  waved 
and  angular  parallel  zones.  The  landfcape 
or  ruin  agate  reprefents  rocks  or  buildings. 
The  tube-agate  is  a congeries  of  hollow  fta- 
la&ites  of  chalcedony  filled  with,  and  im- 
bedded in  carnelian,  jafper,  See.  The  mofs 
agate,  called  Mocha  /lone,  from  a corruption  of 
the  German  mochs-ftein  (mofs-ftone)  confifts 
of  chalcedony  or  carnelian,  penetrated  by  arbo- 
refeent  iron  ore,  which,  when  the  filaments  are 
delicate,  has  a very  beautiful  appearance. 

Agates  are  found  for  the  moft  part  in  nodules 
in  Amygdaloid,  and  fometimes  in  Gypfum : 
near  the  river  Wolga  they  occur  between  ftrata 
of  fecondary  lime-ftone  •,  and  in  Siberia  certain 
rocky  tra£Is  confift  of  banks  of  pudding-ftone, 
of  which  agate  and  chalcedony  form  the  prin- 
cipal part. 

The  moft  beautiful  agates  that  this  ifland 
produces  are  called  Scotch  pebbles,  and  are 
found  principally  in  the  neighbourhood  of  Perth 
and  Dunbar.  The  moft  celebrated  however  in 
Europe,  are  thofe  of  Oberftein  in  the  Duchy  of 
Deuxponts.  Thofe  of  Siberia  are  eminently 
beautiful,  but  the  moft  efteemed  of  all  come 
from  Ceylon  and  other  parts  of  India. 

Agate  is  cut  into  cameos  or  feal-ftones,  is 
hollowed  into  fnuff-boxes,  or  fawn  into  thin 
plates  for  inlaying  tables,  and  is  applied  to  other 
ornamental  purpofes.  The  commoner  kinds 
are  made  into  mortars  for  the  enameller  and 
chemift,  as  from  their  hardnefs  they  are  not 
liable  to  be  materially  abraded  by  pulverizing 
the  hardeft  glafs  and  ftones  in  them.  The 
coarfeft  fragments  that  are  applicable  to  no 
other  ufe  are  formed  into  the  white  gunflints, 
which  are  harder  than  common  flint,  and  not 
fo  brittle. 

CHALK.  Kreide , Werner.  Crate,  Fr. 

The  colour  of  this  mineral  is  yellowifh  white, 
more  rarely  fnow-white  or  greyifh  white ; when 
contaminated  with  iron  it  has  more  or  lefs  of  an 
ochery  tinge.  It  occurs  generally  in  mafs, 
fometimes  difieminated,  or  invefting  other  mi- 
nerals. It  is  without  luftre,  is  opake,  has  a 
fine  earthy  fra&ure,  and  breaks  into  blunt  edged 
angular  fragments.  It  ftains  the  fingers,  gives 
a white  ftreak,  and  when  pure  is  very  foft  and 
almoft  friable  It  has  a meagre  feel  and  adheres 
to  the  tongue.  Sp.  gr.  about  2.3.  It  effer- 
vefees  violently  with  acids.  When  mixed  with 
iron  it  becomes  both  harder  and  heavier. 


In  a ftate  of  purity  chalk  appears  to  be  com- 
pofed  only  of  lime,  carbonic  acid,  and  water, 
but  a fpecimen  analyzed  by  Mr.  Kirwan  af- 
forded him 

53.  lime 
42.  carbonic  acid 
3.  water 
2.  alumine 
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Chalk,  where  it  is  found  at  all,  is  the  preponder- 
ating fubftance,  and  may  therefore  be  con- 
fidered  as  chara£lerizing  a peculiar  fpecies  of 
mineral  formation.  It  is  perhaps  the  molt 
recent  of  all  the  varieties  of  calcareous  car- 
bonat,  it  occurs  in  ftrata  for  the  moft  part 
nearly  horizontal,  alternating  with  thin  layers 
of  flint  nodules,  and  with  the  fame  irregularly 
difperfed  through  its  fubftance : it  contains  in 
abundance  the  relics  of  marine  organized  bodies, 
fuch  as  echinites,  gloflopetra,  peftinites,  & c. 
and  alfo  not  unfrequently  the  hard  parts  of  am- 
phibious and  land  animals,  as  the  heads  and 
vertebra  of  crocodiles,  and  teeth  of  elephants. 
Chalk  hills  never  rife  to  a higher  elevation  than 
three  or  four  hundred  feet,  and  are  at  once  dif- 
tinguifliable  by  the  fmooth  regularity  of  their 
outline,  and  their  remarkable  tendency  to  form 
cup-fhaped  concavities.  Ridges  of  chalk,  in 
England  at  leaft,  are  always  bordered  by  parallel 
ranges  of  fand  or  fandftone,  beneath  and  alter- 
nating with  which  are  fituated  the  beds  of  fullers 
earth.  Chalk-hills  are  alfo  Angularly  charac- 
terized by  their  drynefs  and  their  verdure : the 
moft  porous  fandftone  is  fcarcely  fo  deficient  in 
fprings  of  water,  and  yet  except  upon  almoft 
perpendicular  defeents,  the  white  furface  of  the 
chalk  is  uniformly  covered  with  fine  turf  or 
wood. 

The  chalk-hills  in  England  occupy  a greater 
extent  than  In  any  other  country,  they  run  in 
a direction  nearly  from  eaft  to  weft  parallel  to 
each  other,  and  feparated  by  ranges  of  fand- 
ftone, and  low  tra&s  of  gravel  and  clay.  The 
moft  northern  and  loftieft  range  of  chalk  com- 
mences at  the  promontory  of  Flamborough- 
head,  in  Yorkfhire,  and  proceeds  weft  ward  for 
nearly  20  miles.  In  the  county  of  Lincoln  are 
fome  fragments  of  a ridge  near  Grantham. 
Two  ridges  traverfe  the  midland  counties,  and 
reach  as  far  weft  as  the  borders  of  Oxfordfliire: 
thefe  ridges  are  no  where  fo  confpicuous  as  in  the 
county  of  Bedford,  where  they  approach  near  to 
each  other,  being  only  feparated  by  the  Woburn 
and  Ampthill  range  of  fandftone.  The  country 
fouth  of  the  Thames  alfo  contains  two  ridges, 
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the  one  commencing  at  the  North  and  South 
Forelands,  palling  through  the  north  of  Kent, 
the  middle  of  Surry,  ancl  the  north  of  Hamp- 
fhire,  and  including  the  North  Downs  of  Ban- 
ftead,  Epfom,  &c.-,  the  other  commencing  near 
Haftings  and  at  the  lofty  promontory  of 
Beachy-head,  pafles  through  Suflex  and  the 
fouth  of  Hamplhire,  into  Dorfetfhire,  including 
the  South  Downs. 

The  north  part  of  France  alfo  abounds  in 
chalk : it  is  befides  met  with  in  fome  of  the 
Danilh  iflands  in  the  Baltic,  and  in  Poland. 

The  ufes  of  chalk  are  very  extenfive : the 
more  compadt  kinds  are  ufed  as  building  Hone, 
and  are  burnt  to  lime  (nearly  all  the  buildings 
in  London  being  cemented  with  chalk-mortar): 
it  is  alfo  largely  employed  in  the  polifhing  of 
metals  and  glafs,  in  conftrudling  moulds  to  call 
metal  in,  by  carpenters  and  others  as  a material 
to  mark  with,  and  by  ftarch-makers  and  che- 
mifts  to  dry  precipitates  on,  for  which  it  is  pe- 
culiarly qualified  on  account  of  the  remarkable 
facility  with  which  it  abforbs  water. 

CHALK,  Spam/Jj.~)  c c 

CHALK,  French.  ( See  Steatite. 

CHARCOAL.  See  Carbon. 

- CHEESE.  See  Milk. 

CHERT.  See  Hornstone. 

CHLORITE.1 


There  are  four  fub-fpecies  of  this  mineral. 

I .  Earthy  Chlorite,  Chloriterde,  W erner. 

Its  colour  is  intermediate  between  dark 
mountain  green  and  blackilh  green : it  is 

compofed  of  minute  fomewhat  fhining  fcales, 
either  loofe  or  llightly  coherent  : it  does  not 
ftain  the  fingers,  but  gives  a {hining  green 
ftreak  : it  feels  rather  greafy,  is  light,  and  when 
breathed  on,  gives  a ftrong  argillaceous  odour. 

Earthy  chlorite  melts  before  the  blow-pipe 
to  a dark-coloured  fhining  flag,  which  is  attrac- 
ted by  the  magnet.  According  to  an  analyfis 
by  Vauquelin,  it  confifts  of 

8.  Magnefia 

26.  Silex 

18.5  Alumine 

43.  Oxyd  of  iron 

2.  Muriat  of  foda 

2.  Water 
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It  occurs  for  the  moll  part  in  primitive 
mountains  of  argillaceous  fchiftus  mixed  with 
quartz,  common  chlorite,  calcareous  fpar,  and 
micaceous  iron  ore.  It  is  alfo  contained  in  gra- 


nular lime-ftone  and  primitive  fand-ftone.  By 
expofure  to  the  air  it  decompofes  into  a yellow 
ochery  mafs. 

It  is  found  in  Saxony,  Switzerland,  Norway, 
Sweden,  Hungary,  and  North  Wales. 

2.  Common  Chlorite,  Gemeiner  Chlorit , Wer- 
ner. 

The  colour  of  this  mineral  refembles  that  of 
the  preceding,  except  that  it  is  a little  darker. 
It  occurs  in  mafs  and  difleminated,  has  a gliften- 
ing  luftre,  and  a fine  foliated  fradture  palling 
into  earthy.  It  is  foft,  gives  a light-green  ftreak, 
and  has  a greafy  feel.  Sp.  gr.  2.83. 

It  confifts,  according  to  Hopfner,  of 
39  Magnefia 
41  Silex 
6 Alumine 
. \ 1 ’ 1 Lime 

10  Oxyd  of  iron 
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By  the  adlion  of  the  blow-pipe  it  acquires  t 
brownilh-yellow  colour. 

It  is  generally  found  in  metalliferous  veins, 
but  is  alfo  found  in  veins  of  quartz. 

3.  Chlorite-flate,  Chlor  itf chief er , Werner. 

Its  colour  is  a dull  green  of  various  degrees 
of  intenfity  from  greenilh-grey  to  greenifh- 
black : it  occurs  only  in  mafs  ; it  has  a gliften- 
ing  and  greafy  or  refinous  luftre.  Its  fradture 
is  curved  or  waved  foliated  : thofe  varieties  that 
have  the  greateft  degree  of  luftre  are  ufually 
fcaly  foliated,  When  broken  it  flies  intoblunt- 
edged  flaty  fragments.  It  is  opake,  is  foft,  has 
a greafy  feel,  and  gives  a mountain-green  ftreak. 
Sp.  gr.  2.98. 

It  does  not  melt  per  fe  before  the  blow-pipe, 
but  by  a continued  heat  becomes  white. 

Chlorite  flate  is  one  of  the  primitive  rocks, 
and  is  generally  found  in  layers  alternating  with 
argillaceous  fchiftus,  fometimes,  though  rarely 
with  gneifs.  It  pafles  into  micaceous  fchiftus 
and  hornblende  flate,  and  often  contains  imbed- 
ded cryftals  of  garnet  or  odtohedral  magnetic- 
iron  ore. 

4.  Foliated  Chlorite,  Blattriger  chlorit  > Werner. 

The  colour  of  this  mineral  is  dark-green.  It 

occurs  in  mafs  or  difleminated,  or  cryftallized 
in  hexagonal  tables,  or  fix-fided  prifms  termi- 
nated by  pyramids,  the  angles  of  which  are 
rounded  off  fo  as  to  refemble  a cylinder  termi- 
nated by  a cone.  The  furface  of  the  cryftals  is 
ftreaked  and  gliftening  j its  internal  luftre  is 
fhining  and  pearly ; its  fradture  is  foliated, 
generally  curved,  and  the  laminae  are  in  fomc 
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degree  flexible.  It  is  tranflucent  on  the  edges, 
is  foft  and  eafy  frangible.  It  contains  according 
to  Lampadius, 

35.  Silex 
29.9  Magnefia 
18.  Alumine 

9.7  Oxyd  of  iron 

2.7  Water 
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It  occurs  in  the  Duchy  of  Salzburg,  and  Mont 
St.  Gothard,  in  Switzerland,  accompanied  by 
prifmatic  cryftals  of  titanium ; it  has  alfo  been 
found  in  the  Ifland  of  Jura  in  the  Hebrides.  It 
feems  to  be  confidered  by  Hauy  as  a variety  of 
Mica. 

CHROME. 

Chrome  is  a metallic  fubftance  of  a greyifh 
white  colour,  extremely  brittle,  acidifiable  with 
difficulty  by  nitric  acid,  and  then  capable  of 
combining  into  a lemon-yellow  fait  with  cauftic 
potaffi.  This  fait  being  added  in  folution 
to  nitrat  of  lead  occafions  a deep  orange-red 
precipitate  of  chromated  lead. 

Chrome  has  hitherto  been  only  found  in  the 
acid  ftate  combined  with  lead  and  with  iron.a 
Sp.  1.  Chromat  of  Lead;  Red  Lead-fpar , 
Kirw.  Rothes  Bleyerz , Werner.  Plomb  rouge, 
Broch.  Plomb  Chromate , Hauy. 

The  colour  of  this  mineral  is  aurora-red 
palling  into  hyacinth-red  : it  occurs  very  rarely 
in  mafs,  fometimes  difleminated,  but  moll;  com- 
monly cryftallized.  Its  primitive  cryftalline 
form  is  that  of  a rectangular  prifm  divifible 
along  the  diagonals  of  its  bafe  into  trihedral 
prifms : it  is  alfo  found  with  two  of  the  lateral 
edges  of  the  prifms  truncated,  thus  forming  a 
fix-fided  prifm,  two  of  the  faces  of  which  are 
much  wider  than  the  reft ; fometimes  all  the 
lateral  edges  are  truncated,  whence  refults  an 
eight-fided  prifm.  The  cryftals  are  of  moderate 
fize,  adhering  laterally  to  each  other,  and  gene- 
rally very  imperfect  and  ill-defined  : the  lateral 
faces  are  flightly  ftriated  longitudinally,  and 
have  a brilliant  external  luftre.  The  fracture  is 
fine-grained  uneven,  palling  into  conchoidal, 
and  irregularly  lamellar.  It  breaks  into  blunt- 
edged  indeterminate  fragments.  It  is  tranflucid, 
palling  into  femitranfparent,  is  brittle,  eafily 
frangible,  and,  when  feraped,  gives  a yellowilh 
orange  coloured  powder.  Sp.  gr.  6.02. 

Chromat  of  lead  when  expofed  to  the  blow- 
pipe crackles  a little,  and  melts  into  a blackilh 
flag:  with  borax  it. is  in  part  reduced  to  the 

0 Hauy. 


metallic  ftate,  and  communicates  a green  colour 
to  the  flux.  The  refults  of  its  analyfis  by  Vau- 
quelin  were  63.96  Oxyd  of  lead 
36.40  Chromic  acid 

100.36 

The  only  fubftances  liable  to  be  confounded 
with  this  mineral  are  realgar  and  red-filver ; the 
firft  of  thefe  however  differs  from  the  chromat 
of  lead  in  its  inferior  fpecilic  gravity,  its  volati- 
lity before  the  blow-pipe,  and  its  arlenical  odour 
when  heated  *,  the  fecond  is  diftinguilhed  by  its 
colour  which  is  a pure  red  without  any  mixture 
of  orange,  and  by  its  fuperior  metallic  luftre. 

Chromat  of  lead  has  hitherto  been  found  only 
in  the  gold  mine  of  Berezof,  to  the  north  of 
Ekaterinenburg,  on  the  ealtern  fide  of  the 
Uralian  mountains : it  is  thinly  difperfed  in  a 
vein  palling  through  gneifs  and  micaceous 
fchiftus,  accompanied  by  quartz,  galena,  and 
auriferous  pyrites.  None  of  the  cryftallized 
varieties  have  been  found  for  fome  years,  in 
confequence  of  which  they  are  now  fold  at  a 
moll  enormous  price,  being  valued  at  their 
weight  in  gold.  The  only  ufe  to  which  this 
fubftance  has  been  applied  is  as  a pigment : it 
is  in  high  efteem  among  the  Ruffian  painters 
both  on  account  of  the  unalterability  and  beauty 
of  its  colour. 

Sp.  2.  Chromat  of  iron.  Per  Chromate , 
Hauy  and  Broch. 

The  colour  of  this  mineral  is  greyilh  or  black- 
ilh-brown ; it  occurs  in  mafs ; it  poflefles  a 
flight  degree  of  metallic  luftre ; its  fracture  is 
compact,  uneven,  fometimes  imperfectly  la- 
mellar ; when  pulverized  it  is  of  an  afh-coloured 
grey.  It  is  efficiently  hard  to  fcratch  glafs,  is 
difficult  to  break,  is  opake,  and  gives  an  argilla- 
ceous odour  when  breathed  on.  Sp.  gr.  4.03. 

It  is  infufible  before  the  blow-pipe  without 
addition,  but  with  borax  it  melts  into  a beauti- 
ful green-coloured  glafs.  It  contains  according 
to  the  analyfis  of  Vauquelin, 

43  Chromic  acid 
35  Oxyd  of  iron 
20  Alumine 
2 Silex 

100 


Chromat  of  iron  is  faid  to  have  been  found 
in  Siberia ; it  has  alfo  been  difeovered  in  France 
near  Gaffin,  in  the  department  of  Var,  forming 
Brochant. 
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nodules  and  veins  in  ferpentine;  fome  of  the 
nodules  are  nearly  a cubic  yard  in  magnitude. 

The  method  of  analyfing  the  chromat  of 
lead  is  very  fimple.  Vauquelin  has  pointed 
out  two  ways,b  both  of  which  we  {hall  mention, 
only  obferving  that  the  laft  is  upon  the  whole 
the  moll  fatisfadfory. 

Take  one  part  of  finely  pulverized  chromat  of 
lead,  three  parts  of  perfectly  faturated  carbonat 
of  potalh,  and  forty  parts  of  water,  and  boil  the 
mixture  together  for  the  fpace  of  an  hour.  As 
foon  as  the  fubftances  begin  to  add  on  each 
other,  a brifk  effervefcence  will  take  place,  the 
orange  colour  of  the  lead  will  begin  to  change 
to  brick-red,  and  finally  when  the  effervefcence 
has  ceafed,  there  will  remain  at  the  bottom  of 
the  velfel  a powder  of  a dirty  yellow  colour 
confifting  of  carbonat  and  chromat  of  lead, 
covered  by  a clear  liquor  of  a bright  golden 
yellow,  which  is  chromat  of  potalh.  The  liquor 
being  poured  off,  and  the  powder  well  walked, 
fome  very  dilute  nitric  acid  is  to  be  poured  on  the 
powder  till  it  ceafes  to  effervefee ; the  colour- 
lefs  folution  thus  obtained  is  nitrat  of  lead, 
while  the  undecompofed  refidue  of  chromated 
lead  will  remain  unaltered,  and  is  afterwards  to 
be  decompofed  by  a fecond  digeftion  with  thrice 
its  weight  of  carbonated  potafli.  The  nitric 
folutions  of  lead  being  mixed  together  are  to  be 
decompofed  by  fulphat  of  foda,  and  the  lead 
contained  in  the  ore  is  to  be  eftimated  from  the 
fulphat  of  lead  thus  procured.  The  alkaline 
folutions  of  chromic  acid  being  mixed  with  the 
wafhings,  are  to  be  mixed  with  weak  nitric 
acid  as  long  as  any  carbonic  acid  from  the  un- 
decompofed carl  jnat  of  potalh,  is  given  out, 
and  the  liquor  by  fubfequent  evaporation  and 
cooling  depofits  cryftals  of  chromat  of  potalh 
mixed  with  nitre. 

The  fecond  method  of  decompofing  this  fub- 
ftance  is,  to  digeft  together,  at  a moderate  tem- 
perature, equal  weights  of  chromat  of  lead  very 
finely  pulverized,  ftrong  and  pure  muriatic  acid, 
and  diftilled  water,  taking  care  to  Itir  the  mix- 
ture from  time  to  time.  The  chromat  of  lead 
will  be  decompofed,  and  will  change  to  a white 
colour,  being  converted  for  the  moll  part  to 
muriat  of  lead.  When  the  acid  has  ceafed  to 
ad,  the  liquor  mull  be  poured  off,  and  frelh 
muriatic  " .d  (diluted  as  before  with  water)  to 
the  ? _nt  of  about  one-fourth  of  the  former 
quar.  ty  is  to  be  digefted  with  the  refidue  till 
no  more  orange-coloured  grains  appear  among 
the  white  muriat.  The  liquor  being  added  to 
the  former,  together  with  the  walkings,  the 


whole  after  being  heated  is  to  be  placed  for  a 
few  days  in  a cool  place,  that  the  fmall  quantity 
of  muriated  lead,  which  it  holds,  may  be  depo- 
fited;  when  this  is  removed  fome  oxyd  of  filver, 
precipitated  from  its  folution  in  nitric  acid  by 
cauftic  potalh,  is  to  be  added  very  gradually  till 
the  laft  portions  acquire  a red  purple  colour, 
thus  the  whole  of  the  muriatic  acid  will  be  got 
rid  of,  and  the  liquors  will  contain  only  chromic 
acid,  which,  by  flow  evaporation,  is  depofited  in 
fmall  prifmatic  ruby-red  cryftals. 

The  decompofition  of  chromat  of  iron  is  not 
effected  by  any  means  fo  eafily  as  of  chromated 
lead.  The  action  of  muriatic  or  oxymuriatic 
acid  upon  it  is  very  flow  and  imperfect,  nor  is  a 
boiling  folution  of  either  pure  or  carbonated 
potalh  attended  with  any  better  fuccefs.  The 
molt  effedtual  way  of  proceeding  according  to 
Taffaert  and  Vauquelin0  is  to  fufe  in  a platina 
crucible  the  finely  pounded  ore  with  an  equal 
weight  of  cauftic  potalh,  then  to  feparate  all 
that  is  foluble  in  water,  and  treat  the  refidue 
with  hot  muriatic  acid.  By  the  alternate  ufe  of 
thefe  menftrua  for  fix  or  feven  times  each,  the 
whole  of  the  ore  will  be  taken  up  and  diffolved. 
The  muriatic  folution  being  evaporated  nearly 
to  drynefs,  and  then  left  to  cool,  will  become 
gelatinous,  thus  announcing  the  prefence  of  filex 
which  may  be  obtained  by  rediffolving  the  gelly 
in  water,  in  confequence  of  which  the  filex  will 
be  precipitated ; the  clear  liquor  being  then 
treated  with  ammonia  the  iron  will  be  obtained 
in  the  Hate  of  oxyd.  The  muriatic  folution 
being  thus  exhaufted,  the  alkaline  folution  is  to 
be  carefully  neutralized  by  nitric  acid,  by  which 
means  the  alumine  will  be  precipitated,  and 
nothing  will  be  left  in  the  liquor  but  chromat  of 
potalh  and  nitre,  from  which  the  chromic  acid 
may  be  obtained  pure  by  adding  nitrat  of  lead 
till  no  further  precipitate  takes  place,  and  then 
treating  the  chromat  of  lead  thus  formed  with 
muriatic  acid,  as  mentioned  above. 

Chromic  acid  is  of  an  orange  red  colour,  and 
a pungent  metallic  tafte;  it  is  very  foluble  in 
water,  and,  by  gentle  evaporation,  cryftallizes  in 
lengthened  prifms.  Like  other  acids  it  com- 
bines with  the  falifiable  bafes,  whence  refults  a 
genus  of  compound  falts  called  chromats , the 
chief  of  which  we  fhall  proceed  to  deferibe. 

Chromat  of  Barytes  is  formed  by  mixing  to- 
gether the  aqueous  folutions  of  barytes  and 
chromic  acid:  it  appears  as  a pale  lemon-yellow 
precipitate,  is  fparingly  foluble  in  water,  and  has 
no  perceptible  tafte.  When  heated,  it  gives  out 
oxygen  gas,  and  affumes  a green  colour. 
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Chnmat  of  Lime  is  prepared  like  the  prece- 
ding: by  adding  the  liquid  acid  to  lime-water, 
an  orange-yellow  precipitate  falls  down,  differ- 
ing from  the  chromat  of  barytes  only  in  being 
lefs  foluble,  and  in  a fomewhat  different  order 
of  affinities. 

The  carbonated  alkalies  are  decompofed  with 
effervefcence  by  chromic  acid,  forming  very 
foluble  and  cryflallizable  falts  of  a lemon-yellow 
colour.  The  chromat  of  ammonia  is  deftroyed 
by  a red-heat,  the  alkaline  bafe  being  decom- 
pofed, and  deoxygenating  the  acid  fo  that  only 
a green  oxyd  of  chrome  remains  behind.  The 
alkaline  chromats  are  decompofable  with  ab- 
ftraCtion  of  their  acid  by  barytes,  lime,  and 
ftrontian,  and  with  abftraCtion  of  their  bafe  by 
the  mineral  acids : when  added  to  any  of  the 
foluble  metallic  falts  a double  decompofition 
takes  place,  and  the  chromated  metal  is  precipi- 
tated in  form  of  a coloured  powder ; mercury 
gives  a vermillion-red  precipitate,  filver  a car- 
mine-red, lead  an  orange-yellow,  tin  a green, 
&C. 

Chromic  acid  appears  to  be  very  eafily  redu- 
cible to  the  ftate  of  oxyd,  in  which  ftate  it  is  ge- 
nerally of  a green  colour.  Thus,  when  heated  on 
charcoal  before  the  blow-pipe,  it  fxrft  boils,  and 
when  the  moifture  is  evaporated,  a green  pulve- 
rulent infufible  oxyd  remains.  By  fufion  with 
borax  and  glafs  of  phofphorus  it  affords  vitreous 
globules  of  a bright  emerald  green.  With 
tannin  chromic  acid  forms  an  infoluble  yellow- 
ilh-brown  flocculent  fediment,  and  with  hvdro- 
fulphuret  of  potaffi  a brownifh-green  one. 

Muriatic  and  chromic  acids  when  heated  to- 
gether in  a retort  occafion  a confiderable  effervef- 
cence; part  of  the  muriatic  acid  is  converted 
into  oxymuriatic  acid  which  flies  off,  and  the 
chromic  acid  is  changed  into  the  green  oxyd. 
Ether  or  alcohol  when  heated  for  a few  feconds 
with  this  acid  produce  a fimilar  effe£t ; as  does 
alfo  muriat  of  tin,  the  fame  metal  in  the  regu- 
line  ftate,  iron,  zinc,  and  moft  of  the  other 
metallic  fubftances.  Even  light  will  decompofe 
chromic  acid,  for  a paper  wetted  by  it,  and 
expofed  during  a few  days  to  the  fun,  affumes  a 
permanent  green  colour^ 

In  order  to  reduce  chromic  acid  to  a regulus, 
it  is  fufficient  to  heat  it  ftrongly  in  a crucible 
lined  with  charcoal,  the  refult  will  be  a brittle, 
brilliant,  greyilh  white  metallic  button  amounting 
to  about  67  per  cent,  of  the  acid  employed.  At  a 
high  temperature  it  affumes  the  form  of  feathery 
cryftals.  A fragment  of  this  metal  when  ex- 
pofed to  the  blow-pipe,  firft  tamifhes,  and  then 


acquires  a thin  coating  of  greenifh  oxyd.  When 
finely  pulverized,  and  treated  with  concentrated 
boiling  nitric  acid,  it  is  oxydated  with  extreme 
difficulty,  and  gives  the  acid  a light  bluifh-green 
colour ; by  repeated  abftraCtions  it  is  at  length 
compleatly  acidified,  and  then  exhibits  exactly 
the  fame  characters  as  the  native  acid. 

Chrome  on  account  of  its  fcarcity,  and  the 
fhort  time  that  it  has  been  known  has  not  yet 
been  applied  to  any  ufe ; it  is  probably  however 
capable  of  furnilhing  fome  fine  pigments  to  tire 
painter  and  enameller : in  particular  it  will 
tinge  glafs  with  a true  emerald  green ; the 
colouring  matter  of  this  beautiful  gem  having 
been  recently  proved  to  be  this  very  metallic 
oxyd. 

CHRYSOBERYL*.  Cymophane  of  Hauy, 
Oriental  and  opalefcent  Chryfolite  of  fome  natura- 
lifts. 

The  colour  of  this  mineral  is  afparagus-green, 
palling  into  greenilh-white  on  one  fide,  and  on 
the  other  through  olive  green  into  yellowifh- 
grey,  and  fometimes  reddiffi-brown.  It  gene- 
rally exhibits  a bluilh  milky  light,  undulating 
within  the  cryftals.  It  is  ufually  met  with  in 
fmall  rounded  pieces,  but  occafionally  pofl'effes 
a well  marked  cryftalline  figure.  Its  primitive 
form  is  that  of  a reCtangular  parallelepiped,  and 
the  figures  which  it  has  hitherto  been  obferved 
to  affeCt  are, 

1.  A fhort,  regular  hexahedral  prifm  or  table. 

2.  The  fame  with  a truncated  hexahedral 
pyramid  raifed  upon  each  bafe. 

The  furface  of  the  rounded  pieces  is  fomewhat 
rough,  and  generally  reflects  glittering  varie- 
gated colours.  The  cryftals  poffefs  a double 
refraction,  are  externally  fhining,  and  very 
brilliant  internally,  fo  that  when  polifhed  it  may 
often  be  confounded  with  the  yellow  diamond. 
The  fraCture  of  chryfoberyl  is  perfectly  con- 
choidal;  its  fragments  are  indeterminately  an- 
gular, and  fharp-edged ; its  hardnefs  is  fuperior- 
to  that  of  quartz  ; its  fp.  gr.  isr=  3-7- 

It  is  infufible  per  fe  before  the  blow-pipe  ; and 
confifts,  according  to  the  analyfis  of-  Klaprothb, 
of  Alumine  . 7 1 .5 

Lime  . . 6. 

Oxyd  of  iron  1.5 
Silex  . . 18. 


97.0 
Lofs  3. 

100.. 

It  is  procured  chiefly  from  Brazil,  where  it 


• Emmcrlicg.  Brochant.  Hauy.  Jamefoa.  > Analyt.  E1T.  x.  p,  85. 
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accompanies  the  topazes : it  has  alfo  been  dj re- 
covered by  Count  Bourncn  in  fand  from  the 
ifland  of  Ceylon,  together  with  rubies  and  fap- 
phires.  A few  fpecime'ns  have  been  brought 
from  Nertschinfk  in  Siberia.  It  is  however 
upon  the  whole  a very  rare  mineral,  and  from 
its  hardnefs  and  luftre  is  confiderably  valued  by 
jewellers. 

CHRYSOLITE.  Peridot  of  Ilauy. 

The  principal  colour  of  this  mineral  is  pifta- 
chia-green,  palling  into  brown  ilh-olive.  It 

occurs  in  angular  or  rounded  fragments,  or 
cryftallized.  Its  primitive  form  is  a ftrait  prifm 
with  rectangular  bafes,  the  other  varieties  of 
cryftallization  under  which  it  appears  are 

1.  An  oCtagonal  prifm  terminated  at  each 
extremity  by  Ex  faces  oblique  and  one  hori- 
zontal. 

2.  The  fame  terminated  by  eight  oblique 
faces  correfponding  to  the  fides  of  the  prifm, 
and  one  horizontal. 

3 . A ten-fided  prifm  terminated  by  fix  oblique 
faces  and  one  horizontal. 

4.  A twelve-fided  prifm  terminated  by  eight 
oblique  faces  and  one  horizontal. 

In  all  the  varieties  except  the  third  thofe  faces 
in  the  prifm  which  are  the  remains  of  the  long 
fides  of  the  original  prifm  are  deeply  ftriated, 
while  thofe  which  are  the  remains  of  the  fhort 
fides  are  remarkably  fmooth.  The  internal 
luftre  of  the  cryftals  is  brilliant  and  vitreous. 
Its  fraCture  is  perfectly  conchoidal-,  the  frag- 
ments are  indeterminately  lharp-edged.  It  is 
perfectly  tranfparent,  and  poffeffes  a double 
refraction  in  a very  remarkable  degree.  Its 
hardnefs  exceeds  that  of  glafs.  Sp.  gr.zra3.34. 

It  is  infufible  per  fe  before  the  blow-pipe,  but 
with  borax  forms  a tranfparent  green  glafs. 

It  has  been  analyzed  by  Klaproth1  and  Vau- 
quelinb  with  the  following  refults. 

Klapr.  Vauq. 

Silex  - - 39.  - 38. 

Magnefia  - 43.5  - 50.5 

Oxyd  of  iron  19.  - 9.5 

101.5  98.0 

It  is  not  known  with  any  certainty  whence 
the  chryfolite  is  procured : Upper  Egypt  is  faid 
to  be  one  of  the  countries  which  afford  it,  and 
a few  come  to  the  jewellers  of  Europe  from  the 
Eaft  Indies.  It  ranks  among  the  gems,  but  its 
foftnefs  and  unattractive  tone  of  colour,  efpeci- 
ally  when  the  yellow  predominates,  make  it  of 
little  value. 

* Analyt.  Eff.  i.  p.  91.  k Jouru.  des  Mines,  No.  *4. 


CHRYSOLITE  BRASILIANS  See 

ORIENTAL,  VChryso- 

OPALESCENT,  J beryl. 

CHRYSOLITE  VOLCANIC.  See  Glivin. 

CHRYSOLITE  VESUVIAN.  See  Ve- 

SUVIAN. 

CHRYSOPAL.  See  Chrysoberyl. 

CHRYSOPRASE.  Quartz- agathe  prafe . 

Hauy. 

The  colour  of  this  mineral  is  apple-green, 
palfing  into  grafs  and  olive-green  and  greenifh- 
grey.  It  is  found  in  mafs,  in  angular  fragments 
and  thick  plates.  Internally  it  exhibits  a flight 
degree  of  luftre.  Its  fraCture  is  even,  pafling 
fometimes  into  fine  fplintery  and  flat  conchoidal, 
with  indeterminate  fharp-edged  fragments.  Its 
hardnefs  is  fomewhat  lefs  than  that  of  Chalce- 
dony. Sp.  gr.  3.25. 

Before  the  blow-pipe  chryfoprafe  becomes 
opake  and  colourlefs,  but  is  infufible  per  fe.  It 
has  been  analyfed  with  great  accuracy  by  Kla- 
proth0, and  appears  to  confift  of 
Silex  - - 96.16 

Lime  - - 0.83 

Oxyd  of  Nickel  1.0 


97-99 

It  has  hitherto  been  found  only  at  Kofemutz 
in  Lower  Silefia,  imbedded  in  ferpentine,  along 
with  quartz,  opal,  chalcedony,  &c.  It  pafles 
into  hornftone  and  chalcedony,  and  appears  to 
differ  from  this  laft  in  little  elfe  than  colour. 

When  kept  long  in  a warm  and  dry  fituation 
it  lofes  the  greateft  part  of  its  colour.  The 
apple-green  variety  is  in  fome  eftimation  among 
jewellers,  and  is  cut  into  ftones  for  rings. 

CHYLE.  The  food  of  animals  after  it  has 
undergone  digeftion  in  the  ftomach  pafles  into 
the  fmall  inteftines,  in  which  the  alimentary  part 
is  feparated,  and  from  which  it  is  abforbed  or 
fucked  by  fmall  vefiels  called  the  ladteals , that 
convey  it  through  a circuitous  courfe  finally  into 
two  veins,  where  it  mixes  with,  and  becomes 
blood. 

Chyle  therefore  is  the  laft  change  that  food 
undergoes  previous  to  its  converfion  into  blood, 
and  its  analyfis  would  be  fcarcely  lefs  interefting 
than  that  of  blood  itfelf,  could  it  be  collected 
conveniently,  and  in  fufficient  quantity.  Hither- 
to only  a few  defultory  experiments  have  been 
made,  which  are  collected  by  Haller.d 

By  thefe  we  learn  that  chyle  is  a milky  white 
fluid,  of  an  agreeable  fub-faline  tafte,  lighter 
than  the  ferum  of  blood,  or  even  than  water, 
c Analyt.  Eff.  i.  p.  420.  d Elem.  Phyfiolog.  vol.  7. 
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on  the  furface  of  which  it  fwims  like  cream, 
readily  coagulating  like  blood  by  fimple  reft 
and  extravalation,  and  appears  to  be  compofed 
of  water,  of  an  oily  fubftance  confifting  of 
globules,  of  a heavier  matter  like  cheefe  which 
remains  at  the  bottom  after  coagulation,  and  of 
ome  earth.  Chyle  readily  turns  four  by  keep- 
ing, but  gives  no  fign  of  acidity  when  frelh. 
The  nature  of  the  aliment  makes  fome,  though 
a very  fmall  change  in  the  fenfible  qualities  of 
chyle.  Thus  it  is  fometimes  tinged  when  co- 
louring matter  has  been  taken  into  the  ftomach. 

It  does  not  however  fhew  any  marks  of  con- 
taining iron,  even  when  the  animal  has  been  in 
the  habit  of  taking  this  metal. 

CIMOLITE  * of  Klaproth.  Cimolia  of 
Pliny. 

The  colour  of  this  mineral  is  a light  greyifh- 
white,  inclining  to  pearl-grey  ; but  by  expofure 
to  the  air  it  acquires  a reddiffi  tint.  It  occurs 
in  mafs,  forming  large  ftrata ; its  fracture  is 
earthy,  uneven,  and  its  texture  more  or  lefs 
fiaty.  It  is  opake,  of  a greafy  luftre,  and  may 
be  fcraped  with  a knife  like  fteatite.  It  adheres 
firmly  to  the  tongue,  ftains  the  fingers  in  fome 
degree,  and,  though  foft,  is  very  tough,  and 
difficultly  pulverizable.  Sp.  gr.z=2.o. 

When  expofed  to  the  action  of  the  blow-pipe 
per  fe , it  becomes  at  firft  of  a dark  grey  colour, 
but  afterwards  recovers  its  whitenefs  with  little 
or  no  alteration  : with  microcofmic  fait  it  runs 
into  a colourlefs  globule,  with  borax  it  forms  a 
light  brown  glafs.  Its  component  parts  are 
Silex  - - 63 

Alumine  - 23 

Oxyd  of  iron  1.25 
Water  12 

99\25 

It  abounds  in  the  ifland  of  Cimola  (whence 
its  name)  now  called  Argentiera,  and  was 
highly  valued  by  the  Greeks  and  Romans  for 
its  detergent  properties ; at  prefent  its  ufe  is 
almoft  entirely  confined  to  the  inhabitants  of 
the  ifland.  When  triturated  with  a little  water 
it  forms  a foft  pap-like  mafs,  and  being  applied 
in  this  ftate  to  filk  or  woollen  cloth,  and  allowed 
to  dry  on,  it  abforbs  all  the  greafe  which  they 
may  contain,  like  fullers’  earth,  but  more  effec- 
tually, and  is  again  difcharged  by  a flight  waffl- 
ing, leaving  the  cloth  reftored  to  its  original 
luftre. 

CINNABAR.  See  Mercury. 

CINNABAR,  Native.  See  Mercury,  Ores 

of. 
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CIRCON.  See  Zircon. 

CITRIC  ACID.  Acid  of  Lentous.  Zitro- 

nenfaure , G. 

Lemon  juice  is  known  univerfally  to  be  one 
of  the  foureft,  and  at  the  fame  time  the  molt 
agreeable  of  all  the  native  vegetable  liquors.  It 
is  prepared  limply  by  fqueezing  the  fruit,  and 
{training  through  linen  or  any  other  loofe  filter. 
In  Sicily,  Italy,  Majorca,  and  many  other  parts 
of  the  Mediterranean,  lemon  juice  forms  an 
important  article  of  commerce.  It  is  procured 
fimply  by  peeling  the  fruit,  flicing  it,  and  put- 
ting it  in  a large  prefs  with  a cloth  or  hair 
{trainer.*  The  juice,  which  comes  out  very- 
turbid,  is  placed  for  a day  in  cellars  and  then 
{trained,  and  put  in  jars  with  narrow  necks 
well  cemented  up,  the  top  of  the  juice  being 
generally  covered  with  a little  oil,  the  better  to 
defend  it  from  the  action  of  the  air.  Many  of  the 
prefles  will  fqueeze  fix  thoufand  lemons  at  once. 

Lemon  juice  is  a natural  mixture,  about  the 
fpecific  gravity  of,  1.034,  compofed  of  much 
water,  of  infipid  vegetable  mucilage,  of  extrac- 
tive matter,  of  a flight  portion  of  fomething  that 
gives  an  aftringent  tafte,  of  a little  malic  acid, 
and  laftly  of  that  peculiar  acid,  which,  from  its 
being  contained  more  copioufly  in  this  fruit 
than  in  any  other,  is  called  the  citric  acid.  The 
proportions  of  thefe  ingredients  muff:  of  courfe 
vary  according  to  the  degree  of  ripenefs,b  the 
feafon,  and  the  like,  but  on  an  average  according 
to  Prouft,  576  grains  of  the  fiefti  juice  lofe  by- 
evaporation  5 28  gi'ains,  which  is  the  watery 
part ; and  of  the  remaining  48  grains  about  3a 
grains  are  the  pure  citric  acid,  and  the  remain- 
der is  chiefly  mucilage  and  extract.  On  ac- 
count of  thefe  two  latter  ingredients,  lemon- 
juice  fooner  or  later,  according  to  the  tempera- 
ture, fpoils  by  keeping,  becomes  mouldy, 
undergoes  an  imperfect  fermentation,  and  at 
laft  totally  lofes  its  acidity,  acquiring  a flat  mufty 
tafte. 

To  prevent  this  deftruction  of  the  acid  for 
which  alone  this  juice  is  valuable,  many  me- 
thods of  prefervation  have  been  devifed,  all  of 
which  anfwer  to  a certain  degree,  but  none  of 
them  perfectly,  except  that  of  feparating  the 
acid  in  a cryftallized  form  by  means  which  will 
be  prefently  mentioned.  It  ffiould  be  obferved 
that  of  the  mucilage  and  the  extractive  matter, 
(the 'two  materials  which  principally  contribute  to 
lpoiling  the  juice)  the  former  alone  is  feparable 
by  the  ordinary  methods  of  clarification,  but 
the  extradt  adheres  to  the  acid  with  the  greateft 
obftinacy,  and  it  is  this  which  hinders  it  from 
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cryftallizing  when  evaporated  nearly  to  dry- 
nefs. 

Lemon-juice  is  clarified  partly  by  being  put 
for  a day  or  two  in  a cold  cellar,  remaining  per- 
fectly at  reft.  Much  of  the  mucilage  then 
fubfides,  and  the  clear  juice  poured  off,  bottled, 
and  carefully  corked,  will  then  keep  for  a con- 
siderable time.  It  is  better  if  brilkly  boiled  for 
a minute  or  two  before  it  is  put  afide  to  clarify, 
but  this  fomewhat  impairs  the  flavour,  and 
gives  one  that  is  not  agreeable.  In  the  Medi- 
terranean, oil  is  poured  over  it  to  prevent  the 
aftion  of  the  air,  which  has  a temporary  effeCt, 
but  after  a while  the  juice  beneath  becomes 
muddy,  bitter,  mouldy,  and  befides  gets  a rank 
tafte  from  the  oil.  Concentration  by  freezing 
is  fometimes  ufed  with  fome  fuccefs.  If  the 
mucilage  is  firft  feparated  as  much  as  may  be 
by  Handing  in  a cool  place,  and  the  clear  juice 
then  expofed  to  a cold  of  from  23 0 to  26°  the 
watery  part  alone  freezes,  and  the  remaining 
unfrozen  liquor,  of  courfe,  contains  the  acid  in 
a condenfed  ftate.  By  continuing  to  remove 
the  ice,  till  it  begins  to  grow  four  from  the  acid 
itfelf  freezing,  lemon  juice  may  be  concentrated 
to  about  one-eighth  of  its  former  bulk,  and  is 
then  clear,  intenfely  four,  and  will  keep  in  a 
cool  climate  for  feveral  years  unaltered.0  Still 
however  the  extraCt  entirely  remains  and  part 
of  the  mucilage,  and  therefore  in  tropical  cli- 
mates even  this  concentrated  juice  fpoils  in  no 
great  length  of  time,d  befides  the  capital  defeat 
in  the  utility  of  the  procefs,  that  the  cold  which 
it  requires  can  never  be  obtained  naturally  in 
the  countries  where  the  fruit  grows,  and  at  the 
feafon  in  which  it  is  moft  likely  to  fpoil. 

■ Sometimes  certain  mixtures  are  added  to 
lemon  juice  to  prel'erve  it.  Forfter  found  in 
Cook’s  Voyage  to  the  South  Pole  that  the 
juice  mixed  with  a fifth  part  of  brandy  or  rum, 
in  well  clofed  Calks,  kept  very  well  for  thirty- 
two  months.  Brugnatelli0  propofes  to  clarify 
the  juice  by  alcohol.  Frefh  lemon  juice  was 
mixed  with  fome  ftrong  alcohol  and  bottled. 
In  a few  days  a flimy  mucilage  had  feparated, 
and  the  liquor  filtered  through  paper,  contained 
the  purified  juice  with  alcohol,  which  laft  may 
be  feparated  by  evaporation.  But  it  is  obvious 
that  this  only  very  partially  clarifies  the  juice, 
for  the  clear  liquor,  evaporated  flowly  to  dry- 
nefs,  gives  no  cryftals,  but  only  a four  extract. 
Befides,  the  expenfe  forbids  its  being  ufed  in  the 
great  way.  Some  perfons  add  fulphuric  or  fome 
other  mineral  acid  to  the  juice,  partly  to  pre- 
ferve  and  partly  to  adulterate  it.  The  juice  is 
• Georgi  from  the  Ada  Soc.  Petxopol.  * Proud. 


indeed  kept  a long  time  from  moulding  by  this 
addition,  but  the  adulteration  is  often  a ferious 
inconvenience  and  lofs.  Evaporation  is  cer- 
tainly the  belt  method  of  preferving  the  juice  in 
hot  climates  in  its  natural  ftate,  that  can  be 
pradtifed  in  the  large  way.  This  juice  cannot 
be  purified  like  vinegar  by  diftillation,  for,  being 
lefs  volatile  than  water,  it  will  not  rife  in  vapour 
with  a heat  lefs  than  will  decompofe  it ; but  if 
the  frefh  juice  Amply  {trained  be  expofed  to  a 
very  gentle  heat,  the  greater  part  of  the  water 
flies  off  without  carrying  away  any  of  the  acid, 
and  when  the  liquor  has  nearly  a fyrupy  con- 
fidence (before  it  acquires  a burnt  tafte),  it  is 
then  intenfely  four,  and  will  keep  in  bottles  for 
many  years,  with  very  little  alteration,  and  even 
retaining  much  of  its  original  flavour.  This 
infpiffated  juice  or  Rob  of  Lemons,  as  it  is 
called,  if  intended  for  the  table,  may  be  imme- 
diately mixed  with  dry  white  fugar,  which  is 
known  to  preferve  all  vegetable  matter  from 
corruption,  and  it  will  then  keep  for  almoft  any 
length  of  time  unimpaired,  and  is  excellent  for 
fea  voyages  and  domeftic  ufe.  In  hot  climates 
the  heat  of  the  fun  is  made  to  aflift  confiderably 
in  the  evaporation. 

But  the  pure  citric  acid  cannot  be  obtained 
by  fuch  Ample  methods,  but  a double  procefs 
of  chemical  affinity  is  required,  firft,  by  adding 
an  intermede  to  feparate  it  from  the  other  parts 
of  the  juice,  and  next  to  obtain  it  free  from  this 
addition  in  its  cryftallized  form.  This  very 
ingenious  procefs  was  difeovered  by  Scheelef, 
and  fince  has  been  followed  by  all  fucceeding 
chemifts,  with  only  a flight  variation  in  the  pro- 
portions and  minutix  of  the  procefs.  The  in- 
termede which  this  admirable  chemift  ufed  was 
lime  added  in  the  form  of  chalk,  the  fame  that 
he  had  before  employed  for  a fimilar  purpofe 
in  preparing  the  concrete  acid  of  Tartar. 

The  mode  he  recommends  is  in  a few  words 
the  following : Saturate  boiling  lemon  juice 
with  chalk  in  powder  added  gradually,  till  no 
more  effervefcence  arifes.  The  compound 
thence  arifing  is  a grey  infoluble  mafs,  the 
citrat  of  lime,  which  readily  fettles,  leaving  the 
mucilage,  extract,  and  other  ingredients  of  the 
juice  in  the  fupernatant  liquor,  which  is  thrown 
away,  and  the  calcareous  precipitate  well  wafhed 
with  ccld  water  till  it  is  colourlefs.  Then  add 
to  the  precipitate  a quantity  of  dilute  fulphuric 
acid,  diluted  with  ten  times  its  bulk  of  water, 
and  equal  in  weight  to  the  chalk  ufed,  and  boil 
for  a few  minutes.  This  by  ftronger  affinity 
unites  with  the  lime,  forming  a fulphat  of  lime 
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equally  infoluble  with  the  citrat,  whilft  the 
citric  acid,  now  fet  free,  remains  diffolved  in 
the  clear  liquor,  and  by  due  evaporation  may 
be  procured  pure,  and  in  large  cryftals.  The 
fulphuric  acid  fliould  be  a little  in  excefs  to  en- 
gage all  the  lime,  otherwife  the  acid  will  not 
cryftallize. 

Such  is  the  procefs  of  this  excellent  chemift, 
but  as  the  preparation  of  this  acid  has  lately 
become  an  obje£t  of  fome  importance  in  manu- 
fafture,  it  may  be  of  advantage  to  compare  the 
particulars  of  the  procefs  as  given  by  different 
chemifts. 

In  preparing  citric  acid  in  the  great  way, 
M.  Dizes  mentions  the  following  particulars. 
After  the  citrat  of  lime  has  been  decompofed  by 
the  fulphuric  acid,  cold  water  allifted  by  ftirring 
is  fufhcient  to  wafh  out  all  the  citric  acid  ad- 
hering to  the  fulphat  of  lime.  This  is  of  ufe 
both  as  faving  fuel  and  as  lefs  of  the  calcareous 
fulphat  is  diffolved.  Much  however  is  Hill  con- 
tained in  the  clear  liquor,  which  in  fa£b  is  a 
mixture  of  citric  acid  with  the  excefs  of  ful- 
phuric acid  which  it  is  neceffary  to  add,  and 
fulphat  of  lime  held  in  folution.  This  liquor 
may  be  evaporated  at  a heat  of  boiling  water. 
It  is  is  a clear  light  yellow.  As  the  bulk  of  li- 
quid diminishes,  the  fulphat  of  lime  falls  down, 
and  it  is  of  ufe  to  fufpend  the  evaporation  once 
or  twice  for  fome  hours,  that  by  cooling  the 
whole  of  the  fulphat  may  be  depofited.  To- 
wards the  end,  the  liquor  becomes  blackifh 
owing  to  the  fulphuric  acid  becoming  con- 
centrated, and  acting  partly  perhaps  on  the 
acid  itfelf,  and  partly  as  the  author  imagines, 
on  a portion  of  extractive  matter,  which  fub- 
fides  along  with  the  citrat  of  lime,  and  which 
he  thinks  it  is  neceffary  to  deftroy  in  this  man- 
ner before  the  citric  acid  will  cryftallize.  This 
acid  is  fo  very  foluble  that  the  evaporation 
muff  be  pufhed  to  a very  thick  fyrupy  con- 
fiftence  before  the  cryftals  will  feparate.  They 
are  at  firft  black  and  dirty.  By  re-folution  in 
cold  water  (of  which  a fmall  quantity  will  fuf- 
fice)  by  filtration,  and  a fecond  evaporation, 
they  become  yellow  and  more  regular.  A 
third  cryftallization  feems  neceffary  to  make 
them  white  and  pure.  As  there  is  much  wafte 


in  thefe  operations,  the  foul  portion  which  will 
not  pafs  the  filter  fliould  be  evaporated  and 
treated  as  before. 

Scheele  has  well  remarked  (and  all  other 
chemifts  have  found  the  fame)  that  an  excefs 
of  fulphuric  acid  is  required.  M.  Dize  fup- 
pofes  the  peculiar  ufe  of  this  excefs  to  be  to 
deftroy  the  remaining  extractive  matter,  the 
ex  licence  of  which  he  endeavours  to  prove  by 
the  proportions  of  ingredients  required,  and 
their  products.  One  hundred  pounds  of  the 
lemon  juice  he  found  to  require  for  faturation 
6.25  lb.  of  chalk,  and  to  produce  as  much  as 
20  lb.  of  citrat  of  lime.  On  the  other  hand 
he  found  the  cryftallized  citric  acid  to  require 
its  own  weight  of  chalk  for  faturation,  and  to 
produce  a quantity  of  citrat  of  lime  equal  to 
three-fourths  of  the  weight  of  the  two  ingredi- 
ents, the  lofs  being  chiefly  carbonic  acid. 
Hence  he  concludes  that  100  lb.  of  frefh  juice 
contains  6.25  lb.  of  the  pure  acid  (that  is  equal 
in  weight  to  the  chalk  required),  and  that  the 
citrat  of  lime  thence  refulting  if  pure,  aught  to 
be  no  more  than  9.3781b.  (being  three-fourths 
of  the  fums  of  the  weight  of  the  chalk,  and  the 
fuppofed  quantity  of  pure  acid).  But  as  it  is 
really  20  lb.  even  after  walhing,  he  fuppofes 
this  enormous  difference  to  be  made  up  by 
extra£fcive  matter  precipitated  along  with  the 
citrat  of  lime,  and  adhering  to  it.  However 
the  refults  of  the  experiments  of  other  chemifts 
do  not  give  this  difference,  though  they  agree 
tolerably  in  other  particulars.  M.  Dize  does 
not  fpecify  the  quantity  of  cryftallized  acid 
actually  obtained  from  a given  quantity  of 
juice. 

Weftrumbh  faturated  4.1b.  of  frefh  lemon 
juice.  Amply  flrained,  with  3 ounces  of  chalk, 
and  obtained  5 oz.  and  1 dram  of  citrat  of  lime, 
which,  decompofed  with  23  drams  of  ftrong 
fulphuric  acid  diluted  with  about  ten  times  its 
bulk  of  water,  gave  by  due  evaporation  24 
ounces  of  cryftallized  acid  a little  foul,  which 
loft  one  dram  by  a fecond  cryftallization. 

Profeffor  Prouft  has  examined  the  fame  pro- 
cefs.* The  ingredients  and  produ&s  given  by 
thole  three  chemifts,  reduced  to  the  fame  pro- 
portion, are  as  follows : 
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Lemon  Juice  Chalk  Citrat  of  Lime  Citric  Acid  Citric  Acid 

in  cryftals 

loolb.  requires  4.251b.  and  produces  7.511b.  yields  4.381b.  and  contain!  4.741b.  Proujl. 

for  by  by  by 

faturation  4.65 — precipitation  8.0  — evaporation  3.90 — eftimation Wejlrumb. 


6.25 — 20. 

Cry  ft. 

Citric  A. 

6.25  6.25—  9.375 

With  regard  to  the  proportions  given  by 
Prouft,  it  is  to  be  obferved  that  only  7.51  of 
citrat  of  lime  was  actually  precipitated,  but  by 
evaporation  of  the  liquor  he  obtained  about  -Ar 
additional,  or  .541b.  The  cryftallized  acid  was 
obtained  from  a known  quantity  of  the  wafhed 
citrat  of  lime,  6 ounces  of  the  latter  giving  3-j 
of  the  acid,  hence  7.51  lb.  would  yield  4.38  lb. 
the  .541b.  of  the  citrat  procured  by  evaporation 
would  therefore  yield  .315  of  the  cryftallized 
acid,  which,  added  to  4.38  gives  4.695  for  the 
quantity  of  acid,  exclusive  of  the  fmall  portion 
left  in  the  laft  liquor  after  all  the  cryftals  have 
been  removed,  which  the  author  eftimates  at  a 
little  more  than  -j-^o  of  the  quantity  obtained, 
or  in  the  prefent  inftance  about  .044,  making  a 
total  of  4.74  of  folid  acid  in  100  of  the  frefh 
juice. 

The  quantity  of  fulphuric  acid  required  for 
the  decompofition  of  the  citrat  is  varioufly 
eftimated,  and  as  an  excefs  ®f  it  is  requisite,  at 
leaft  as  much  of  the  concentrated  acid  as  will 
be  equal  to  the  chalk  employed  may  be  ufed, 
diluting  it  with  about  ten  times  its  bulk  of 
water.  In  this  preparation  therefore  as  the 
ftrength  of  the  lemon  juice  is  uncertain,  and,  as 
it  would  appear,  the  produdf  of  citrat  of  lime 
equally  fo,and  troublefome  to  eftimate,the  quan- 
tity of  chalk  ufed  feems  the  only  proper  guide 
to  determine  that  of  the  fulphuric  acid  demanded, 
and  the  probable  yield  of  citric  acid.  There- 
fore the  chalk  fhould  be  weighed,  and  the 
quantity  ufed  fhould  be  noted,  which  fhould  be 
a little  more  than  to  faturation  to  engage  the 
whole  of  the  citric  acid.  If  a portion  of  the 
fame  chalk  be  previoufly  and  feparately  mixed 
with  fome  of  the  fulphuric  acid  intended  to  be 
ufed,  and  the  quantity  required  for  faturation 
be  obferved,  it  will  furnifh  a ftill  better  guide 
for  the  fecond  part  of  the  procefs  than  that  of 
ufing  equal  weights  of  chalk  and  acid.  The 
clear  fupernatant  liquor  contains,  befides  the 
mucilage  and  extract,  a portion  of  malat  of 
lime  in  folution,  lemon  juice  containing  a fmall 
quantity  of  the  malic  acid.  This  calcareous 
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fait  is  precipitated  by  alcohol,  if  the  liquor  is 
concentrated  by  evaporation.  A minute  portion 
of  gallic  acid  alfo  appears  in  lemon  juice  by  the 
teft  of  iron,  the  mixture  turning  of  a brown 
red  after  being  faturated  with  an  alkali. 

To  feparate  the  citric  acid  compleatly  from 
the  lime,  by  the  fulphuric  in  the  fecond  ftep  of 
the  procefs,  Prouft  recommends  boiling  the 
whole  for  about  five  or  ten  minutes.  The  dif- 
ficulty of  feparating  all  the  fulphat  of  lime  and 
extract  from  the  difengaged  citric  acid,  and  of 
procuring  clear  regular  cryftals  has  already 
been  mentioned.  A little  alcohol  added  towards 
the  end  of  the  fir  ft  evaporation,  and  fubfidence 
for  fome  hours  greatly  aflifts  this  feparation, 
and  in  the  perfection  of  the  cryftals. 

Richter  gives  another  procefs  for  preparing 
the  citric  acid,k  which  may  be  mentioned, 
though  it  does  not  appear  that  it  is  much  ufed. 
Saturate  lemon  juice  with  carbonat  of  potafh, 
then  add  fufficient  acetited  lead.  A copious 
white  precipitate  appears,  which  is  the  citrat  of 
lead.  When  no  more  falls  down,  wafh  the 
precipitate,  digeft  with  dilute  fulphuric  acid  (as 
in  the  former  procefs)  to  difengage  the  citric 
acid,  evaporate  the  liquor  to  a thick  confiftence, 
add  a few  drops  of  nitric  acid,  and  cryftallize. 

The  theory  of  this  operation  is  the  fame  as  in 
the  former  inftance,  fubftituting  lead  for  lime, 
and  with  this  difference  that  the  lemon  juice 
mull  firft  be  faturated  with  alkali  that  the  ace- 
tite  of  lead  may  be  decompofed  by  double  affinity 
by  the  citrat  of  potafh,  and  to  prevent  an  excefs 
of  acid  by  which  the  citrat  of  lead  is  rendered 
very  foluble,  though  without  fuch  an  excefs  it 
is  fcarcely  diffolved  in  any  fenfible  degree. 
Where  this  acid  is  ufed  for  the  table  the  intro- 
duction of  fo  dangerous  a metal  as  lead,  parti- 
cularly in  its  acid  combinations,  is  a ferious 
objection,  and  for  manufacture  it  appears  more 
expenfive  than  in  Scheele’s  method. 

Lemon  juice  when  imported  in  this  ftate  is 
not  unfrequently  adulterated  with  fome  ftrong 
and  cheaper  acid.  The  fulphuric  is  moft  to  be 
fufpected.  It  is  detected  in  the  following  wayj 
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put  fome  of  the  juice  in  a glafs,  and  add  a 
folution  of  acetite  of  lead.  This  will  produce  a 
copious  white  fediment  in  any  cafe  ; after 
which  add  fome  drops  of  ftrong  nitric  acid.  If 
the  juice  contained  no  fulphuric  acid  the  white 
precipitate  will  be  rediifolved,  and  the  liquor 
become  again  clear,  the  citrat  of  lead  and  malat 
(of  which  a fmall  portion  will  alfo  be  formed) 
being  readily  foluble  in  nitric  acid,  but  if  the 
juice  was  mixed  with  fulphuric  acid  the  fulphat 
of  lead  will  remain  at  the  bottom.  If  this  is 
collected,  walhed,  and  dried,  the  quantity  of 
fulphuric  acid  may  be  eftimated  from  the  known 
proportions  of  this  fait.  See  Lead. 

Pure  citric  acid  cryftallizes  according  to 
Lowitz1  in  alum-fhaped  cryftals,  confifting  of 
two  4-fided  pyramids  joined  bafe  to  bafe,  or, 
fometimes,  according  to  Dize,  in  rhomboidal 
prifms.  Its  tafte  is  intenfely  four,  and,  when 
diluted,  very  grateful  to  the  palate.  It  is  very 
foluble  in  water,  one  ounce  of  diltilled  water  at 
a moderate  heat  dilfolving  ounce  of  the  cryf- 
tallized  acid,  and  producing  30  degrees  of  cold 
by  the  mixture.  In  a boiling  heat  water  dilfolves 
twice  its  weight  of  the  acid.  The  cryftals  are 
not  deliquefcent.  Diltilled  per  fe  the  products 
are  an  empyreumatic  acid  phlegm,  carburetted 
hydrogen  gas,  and  carbonic  acid.  It  feems  to 
be  compofed  of  carbon  and  hydrogen  with 
oxygen  in  unknown  proportions. 

If  this  acid  is  boiled  with  a fmall  portion  of 
nitric  acid,  much  nitrous  gas  is  given  out,  and 
the  liquor  evaporated  and  cryftallized  yields 
fome  oxalic  acid.  A greater  proportion  of 
nitric  acid  converts  the  whole  into  acetous  acid, 
as  it  appears,  without  palling  through  the  inter- 
mediate ftate  of  the  oxalic.  Thus  Weftrumb 
obtained  half  a dram  of  oxalic  acid  from  one 
dram  of  citric  acid  with  200  grains  of  the  nitric : 
with  300  grains  only  5-  of  a dram  j and  with 
600  grains  not  an  atom. 

Vauquelin  alferts  that  this  acid  may  be  ob- 
tained by  palling  oxymuriatic  acid  gas  through 
gum  arabic  in  water  for  a confiderable  time.111 

The  culinary  ufes  of  lemon  juice  are  well 
known.  The  concrete  citric  acid  may  be  often 
fubftituted  for  the  juice  with  advantage  where 
the  latter  is  not  conveniently  procurable,  but  it 
is  to  be  obferved  that  none  of  the  peculiar  fla- 
vour of  the  fruit  fo  agreeable  in  the  frelh  lemon 
pafles  into  the  folid  acid,  which  is  merely  four, 
and  without  any  particular  aftringency. 

The  ufe  to  which  this  acid  has  lately  been 
put  in  manufacture  is  as  a dfcharger  of  colour 
in  calico-printing : the  white  figured  parts  of 
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coloured  patterns  prepared  with  iron  colours 
being  produced  with  great  clearnefs  and  effedfc 
by  this  acid.  It  is  not  abfolutely  neceflary  to 
cryftallize  the  acid  for  this  purpofe  but  only  to 
concentrate  it.  The  mineral  acids  anfwer 
equally  as  difchargers,  but  when  fufficiently 
ftrong  to  do  this  effectually,  they  injure  the 
texture  of  the  cotton. 

Citrats.  Of  the  falts  formed  by  this  acid 
with  alkaline,  earthy,  and  metallic  bales,  only  a 
few  deferve  particular  mention. 

Citrat  of  PotaJfj.  This  has  long  been  known 
merely  as  a mixture  in  medicine  under  the  name 
Riverius’s  fait.  About  12  to  16  parts  of  lemon 
juice  will  faturate  one  of  common  carbonat  of 
potalh.  To  prepare  it  more  accurately  accord- 
ing to  Vauquelin,*  36  parts  of  the  cryftallized 
acid  diflolved  in  water,  require  for  faturation 
61  parts  of  cryftallized  carbonat  of  potafh. 
This  fait  cryftallizes,  though  with  difficulty, 
and  is  very  deliquefcent:  100  parts  contain 
about  55.5  of  acid,  and  44.5  of  alkali.  It  is 
decompofed  by  barytes  and  lime. 

Citrat  of  Soda.  This  is  a very  foluble  cryf- 
tallizable  fait.  According  to  Vauquelin,  36 
parts  of  acid  require  42  of  dry  carbonat  of  foda, 
fo  that  1 00  parts  of  the  citrat  of  foda  confifts  of 
60.7  of  citric  acid,  and  39.3  of  foda. 

Citrat  of  Ammonia.  Thirty-fix  parts  of  citric 
acid  faturate  44  of  carbonat  of  ammonia.  Hence 
100  parts  of  the  fait  contain  62  of  acid,  and 
38  of  ammonia.  It  is  with  difficulty  cryftal- 
lized, and  is  very  foluble. 

Citrat  of  Barytes.  A hundred  parts  of  this 
fait  confifts  of  equal  weights  of  citric  acid  and 
barytes.  When  barytic  water  is  poured  into 
citric  acid,  diflolved  in  water,  a precipitate  is 
formed,  which  immediately  is  rediifolved.  But 
when  approaching  the  point  of  faturation  the 
barytic  citrat  is  depofited  in  quantity,  at  firft 
pulverulent,  afterwards  in  fine  cluftered  cryftal- 
line  needles. 

Citrat  of  Magnefia.  Thirty-fix  parts  of  the 
acid  require  for  faturation  40  parts  of  carbonat 
of  magnefia,  and  100  parts  of  the  fait  contain 
33.34  of  magnefia,  and  66.66  of  acid.  This 
is  not  cryftallizable,  but  when  nearly  evapo- 
rated to  drynefs,  the  fait  rifes  in  muffiroom-like 
knobs,  white  and  opaque. 

Citrat  of  Lime.  This  is  the  beft  known  of 
the  earthy  citrats,  being  formed,  as  already 
mentioned,  in  the  preparation  of  the  citric  acid. 
It  is  but  fparingly  foluble  in  pure  water,  and 
the  folution  has  very  little  tafte.  But  an  ex- 
cefs  of  acid  renders  it  extremely  foluble,  100 
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part's  of  citric  acid,  mixed  with  fufficient  water 
boiling  hot,  diffolving  50  parts  of  the  citrat  of 
lime.b  According  to  Vauquelin,  24  parts  of 
the  acid  are  faturated  by  1 8 of  calcareous  fpar. 
Hence  100  parts  of  the  citrat  of  lime  contain 
37.34  of  lime,  and  62.66  of  acid.  Prouft 
found  that  100  parts  of  the  citrat  wafhed  and 
dried,  left  by  calcination  31.5  of  lime,  and 
hence  the  remaining  68.5  muft  be  citric  acid 
with  water  in  undetermined  proportions.  Dize 
found  that  the  acid  required  an  equal  weight  of 
pure  chalk  for  faturation,  hence  (fuppofing  the 
chalk  to  contain  53  per  cent,  of  lime)  100  parts 
of  the  dry  citrat  perfectly  free  from  extraneous 
matter,  will  confift  of  about  65.4  of  acid,  and 
34.6  of  earth.  This  fait  kept  under  water  in  a 
warm  place  foon  grows  mouldy,  the  acid  is  de- 
composed, and  the  water  is  covered  with  a cruft 
of  carbonat  of  lime.  Citrat  of  lime  is  decom- 
pofed  by  the  oxalic  acid,  or  the  oxalat  of  pot- 
affi. 

Metallic  Citrais.  Thefe  have  been  but  little 
examined.  The  acid  diflolves  zinc  and  iron 
readily,  and  molt  of  the  oxyds  of  the  other 
metals.  It  decompofes  acetite  of  lead,  as  already 
mentioned,  and  the  citrat  of  lead  is  infoluble  in 
water  without  an  excels  of  acid.  Citrat  of  mer- 
cury is  formed  by  adding  this  acid  to  the  nitrat 
or  acetite  of  mercury.  The  fait  is  a flakey  pre- 
cipitate of  a brick-duft  red. 

The  affinities  of  the  citric  acid  appear  to  be 
in  the  following  order. 

Barytes,  lime,  potaffi,  foda,  ftrontian,  mag- 
nefia,  ammonia,  and  alumine.  The  compara- 
tive affinities  of  the  metallic  oxyds  have  not  yet 
been  determined. 

CLARIFICATION  is  the  reparation  by  che- 
mical means  of  any  liquid  from  fubftances  fuf- 
pended  in  it,  and  rendering  it  turbid.  If  a dif- 
ference can  be  made  between  clarification  and 
filtration , it  is  that  the  latter  is  effected  by  mere 
mechanical  means,  but  the  former  either  by  heat 
or  by  certain  additions,  the  adtion  of  which  may 
be  confidered  as  chiefly  chemical.  A few  prac- 
tical obfervations  belong  to  both  thefe  articles. 

The  liquors  fubjecfed  to  clarification  are 
almoft  without  exception  thdfe  animal -Or  vege- 
table juices,  in  which  the  matter  that  renders 
them  turbid  is  fo  nearly  of  the  fame  fpecific 
gravity  with  the  liquor  itfelf  that  mere  reft  will 
not  effedt  a feparation.  In  thefe  too  the 
liquid  is  generally  rendered  thicker  than  ufual 
by  holding  in  folution  much  mucilage,  which 
■further  entangles  the  turbid  matter,  and  pre- 
vents it  from  finking.  Hence  it  is  that  vinous 
fermentation  has  fo  powerful  an  effedi  as  a cla- 
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rifier,  (wine  being  much  more  limpid  than  the 
grape  or  other  fruit  juice  of  which  it  is  made) 
lince  this  procefs  always  implies  the  deftrudtion 
of  a portion  of  faccharine  mucilage,  and  the 
confequent  production  of  a thin  limpid  fpirit. 

Coagulating  fubftances  are  great  clarifiers 
when  mixed  with  any  turbid  liquor,  the  procefs 
of  coagulation  entangling  with  it  all  matters 
merely  fufpended  and  not  dilTolved,  and  carry- 
ing them  either  to  the  top  in  the  form  of  a feum, 
or  to  the  bottom  in  the  form  of  a thick  fediment, 
according  to  circumftances.  Thus  to  clarify 
muddy  cyder,  the  liquor  is  beaten  up  with  a 
fmall  quantity  of  frefh  bullock’s  blood,  and  fuf- 
fered  to  ftand  at  reft  for  fome  hours,  after 
which  tire  liquor  above  is  as  clear  as  water,  and 
almoft  as  colourlefs,  and  at  the  bottom  is  a thick 
tough  cake  corffifting  of  the  coagulated  blood 
which  has  carried  down  with  it  all  the  opake 
matter  fufpended  in  the  liquor.  Many  other 
albuminous  and  gelatinous  fubftances  adl  in  the 
fame  manner.  The  effect  of  white  of  egg  in 
this  way  is  known  to  every  one.  It  ffiould  be 
firft  mixed  -with  the  turbid  liquor  (a  fyrup  for 
example)  without  heat  and  by  agitation.  After- 
wards on  applying  lefs  than  a boiling  heat  the 
albumen  of  the  egg  coagulates,  and  carries  up 
with  it  all  the  opake  particles  of  the  fyrup, 
leaving  the  reft  beautifully  clear  and  limpid. 

Sometimes  clarification  takes  place  in  a very 
unaccountable  manner.  Thus  it  is  well  known 
that  a handful  of  marl  or  clay  will  clarify  a 
large  ciftern  of  muddy  water,  and  marl  is  alfo 
ufed  with  advantage  in  clarifying  vinous  liquors.0 

Mere  heat  will  often  clarify.  Thus  the  ex- 
preffed  juice  of  cabbage  plants  is  a ftrong- 
fmelling,  green,  clammy,  muddy  liquid.  By 
heating,  all  the  turbid  matter  feparates  in  the 
form  of  a green  coagulum,  and  the  liquor  that 
remains  is  almoft  as  limpid  as  water. 

Clarification  may  often  be  detrimental.  In 
many  liquid  medicines,  fuch  as  decodtions  of 
medicinal  vegetables  and  the  like,  the  medicinal 
portion  refides  chiefly  in  that  part  which  is 
merely  fufpended,  and  therefore  when  feparated 
by  any  kind  of  coagulation,  the  clear  liquor  is 
left  nearly  inert.  See  Filtration. 

CLAY.  Than  •,  Germ.  Argille,  Fr. 

Any  natural  earthy  mixture  which  poffefles 
plafticity  and  dudfility,  when  kneaded  up  with 
water,  is  in  common  language  called  a clay, 
which  term  is  probably  derived  from  the  Latin 
glarea  through  tire  medium  of  the  French  glaife. 
All  mineralogifts  however  have  comprehended 
within  the  appellation  not  only  clays  properly 
fo  called,  but  a few  other  mineral  fubftances 
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nearly  allied  to  fome  of  the  clays,  and  which 
become  plaftic  by  decompofition.  Clay  how- 
ever is  by  no  means  a mineral  fpecies  ftridblv 
fpcaking,  being  in  moft  cafes,  perhaps  in  all, 
the  refult  of  the  decompofition  of  other  mine- 
rals. It  feems  advifable  therefore  to  confider 
the  property  of  plafticity  as  an  efiential  cha- 
racter, and  to  exclude  from  the  clafs  of  clays  all 
earthy  bodies  that  are  deftitute  of  it. 

Mineralogilts  have  hitherto  arranged  all  the 
plaftic  clays  under  two  fpecies,  rather  from  the 
economical  ufes  to  which  they  are  applied  than 
according  to  their  external  characters,  compo- 
fition  or  geological  fituation : the  firft  fpecies  is 
the  white  infufible  porcelain  clay , and  the  fecond 
contains  all  the  reft  confounded  together,  under 
the  general  appellation  Potters'  clay.  That  this 
mode  of  arrangement  is  very  defective  will  be 
readily  allowed,  and  the  reader  it  is  hoped  will 
receive  with  candour  the  following  attempt  at 
a more  fcientific  clafiification. 

Efiential  character.  Plajlic  by  intimate  mix- 
ture with  water. 

1.  Porcelain  clay. 

Its  colour  is  generally  reddilh -white,  alfo 
greyifh  and  ydlowilh-white : it  has  no  luftre 
nor  tranfparency.  It  occurs  either  friable  or 
compaCt  ; ftains  the  fingers ; adheres  to  the 
tongue ; is  foft  but  meagre  to  the  feel : is  eafily 
broken.  Sp.  gr.  about  2.3.  It  falls  to  pieces 
in  water,  and  by  kneading  becomes  duCtile, 
though  not  in  a very  great  degree.  The  Cor- 
nilh  porcelain  clay  certainly  originates  from  the 
decompofition  of  felfpar,  and  contains  particles 
of  quartz,  mica,  and  talc,  from  which  it  is  fepa- 
rated  by  elutriation.  The  Chinefe  kaolin  alfo 
contains  mica,  and  is  probably  of  the  fame 
origin  as  the  Cornifh.  The  fame  remark  may 
be  applied  to  the  French,  &c.  It  is  however 
by  no  means  certain  that  all  porcelain  clay  is 
derived  from  felfpar,  as  it  varies  confiderably 
in  its  compofition  and  fufibility ; all  the  kinds 
indeed  are  infufible  at  any  temperature  lefs  than 
a white  heat,  but  fome,  efpecially  the  Japanefe, 
are  refraClory  in  the  moil;  powerful  furnaces. 
The  Cornifh  clay,  according  to  Wedgewood, 
confifts  of  60  per  cent,  alumine,  and  40  filex. 
That  from  Limoges  in  France,  according  to 
.Haflenfratz,  contains  62  filex,  19  alumine,  12 
magnefia,  7 fulphat  of  barytes.  Another  fpe- 
cimen  of  the  fame,  analyfed  by  Vauquelin,  gave 
55  filex,  27  alumine,  2 lime,  0.5  iron,  14  water. 
A porcelain  clay  analyfed  by  Rofe,  gave  52 
filex,  47  alumine,  0.33  iron. 

2.  Steatitic  clay. 

Its  colour  is  a light  fleih  red  palling  into 


cream  colour  ; its  texture  is  minutely  foliated  ; 
it  has  a flight  fomewhat  greafy  luftre  and  takes 
a polifh  from  the  nail.  It  ftains  the  fingers,  is 
very  friable,  and  has  a fmooth  undbuous  feel. 
When  laid  on  the  tongue  it  difiolves  into  a 
fmooth  pulp  without  any  gritty  particles  ; it  i> 
very  plaftic  and  has  a ftrong  argillaceous  odour. 
It  occurs  in  nodules,  in  a hard  cellular  horn- 
ftone  that  forms  large  mountainous  mafles  near 
Conway  in  North  Wales,  and  originates  from 
the  decompofition  of  indurated  fteatite. 

3.  Clay  from  Slate. 

Its  colour  is  afh-grey  pafling  into  ochre-yel- 
Iow : its  texture  is  foliated : it  has  a fmooth- 
undbuous  feel,  and  its  filiceous  particles  are  fo 
fmall  as  to  occafion  fcarcely  any  grittinefs  be- 
tween the  teeth.  It  occurs  in  thin  beds  on  the 
tops  of  the  fofter  kinds  of  flate-rock,  and  from 
its  impervioufnefs  to  water  is  always  found 
lining  the  bottoms  of  the  peat  mofles  with 
which  this  kind  of  mountains  is  generally  co- 
vered, and  in  thefe  fituations  it  is  of  a white 
afh  colour,  being  deprived  of  its  iron  and  car- 
bon by  the  acid  of  the  peat.  It  alfo  occurs  in 
thicker  beds  at  the  foot  of  the  mountains,  but  is 
of  a darker  colour  and  lefs  plaftic. 

4.  Clay  from  Shale. 

Its  colour  varies  from  greyilh-blue  to  bluilh 
black  : its  texture  is  foliated  : it  has  a fmooth 
undbuous  feel,  takes  a polifh  from  the  nail,  is 
exceflively  tenacious  and  dudbile,  and  has  but  a 
flight  degree  of  grittinefs.  When  burnt  it  ac- 
quires more  or  lefs  of  an  ochre-red  colour: 
thofe  varieties  which  are  of  the  deepeft  red 
ufually  contain  before  burning  a portion  of  ful- 
phuric  acid.  It  is  for  the  moft  part  difficult  of 
fufion.  It  occurs  abundantly  in  all  Collieries, 
and  is  produced  by  the  fpontaneous  decom- 
pofition of  the  fhale  with  which  the  beds  of 
coal  are  covered.  A fandy  clay  of  a greyer 
colour  and  more  refradbory  nature  is  procured 
from  the  decompofition  of  the  indurated  clay 
that  forms  the  floor  of  the  coal,  and  is  provin- 
cially  called  clunch.  The  Sturbridge  clay  from 
which  crucibles,  glafshoufe-pots,  &c.  are  made, 
is  of  this  kind. 

5.  Clay  from  Trap . 

At  the  foot  of  the  fofter  rocks  of  trap- for- 
mation, fuch  as  wakke,  clay-porphyry,  and  fome 
varieties  of  grunftein  and  hornblende  rock,  are 
found  beds  of  clay  evidently  originating  from 
the  gradual  difintegration  of  thefe  by  the  wea- 
ther. The  colour  of  this  clay  is  generally 
brownifh  grey  verging  to  ochre  yellow;  it  occurs 
in  mafs,  is  of  a compact  texture,  undbuous,  te- 
nacious, gritty  and  probably  is  not  very  infufible. 
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6.  Marly  clay. 

The  colour  of  this  is  bluifli  or  brownifli  red  : 
it  occurs  either  compadl  or  foliated : it  has  a 
foft  undtuous  feel,  takes  a polifh  by  fridlion 
with  the  nail,  is  very  plaftic,  more  or  lefs  gritty, 
though  not  fo  much  fo  as  the  common  alluvial 
clay.  It  burns  to  a brick  of  a buff  or  deep  cream 
colour,  and  at  a high  heat  readily  enters  in- 
to fufion.  It  effervefces  ftrongly  with  acids, 
and  contains  from  x to  XV  of  carbonated  lime. 
It  originates  fometimes  from  the  decompofition 
of  compadt  argillaceous  limeftone,  but  more 
frequently  from  the  fofter  flaty  varieties  ufually 
called  ftone  marl.  It  is  largely  employed  as  a 
manure,  and  where  the  calcareous  part  does 
not  exceed  io  or  12  per  cent,  it  is  efteemed  as 
a material  for  bricks. 

7.  Clay  from  metallic  veins. 

Its  colour  is  grey  verging  into  bluifh,  greenilh 
and  yellowilh,  or  red.  It  has  a fmooth  undtuous 
feel,  is  very  tenacious,  often  contains  fulphuric 
acid  and  certain  metallic  oxyds  which  are  never 
obferved  in  other  clays,  l'uch  as  lead,  filver,  an- 
timony, copper,  and  bifmuth.  Is  found  in 
metallic  veins. 

8.  Alluvial  clay. 

The  circumftances  which  characterize  allu- 
vial clay  are  the  following.  It  contains  a larger 
proportion  of  quartzy  fand  than  the  preceding, 
rounded  pebbles  of  various  kinds  are  alfo  im- 
bedded in  it ; thus  fhowing  it  to  have  been  car- 
ried from  its  native  fituation  and  mingled  in  its 
progrefs  with  a variety  of  extraneous  bodies. 
At  leaft  three  kinds  of  it  may  be  diftinguifhed, 
viz.  Pipe  clay,  Potter’s  clay,  and  Chalky  clay. 

Pipe  clay  is  of  a greyifh  or  yellowilh  white 
colour,  an  earthy  fradture  and  a fmooth  greafy 
feel : it  adheres  pretty  ftrongly  to  the  tongue, 
is  very  plaftic  and  tenacious  *,  when  burnt  is  of 
a milk-white  colour ; is  difficultly  fufible,  though 
much  more  fo  than  porcelain  clay,  from  which 
it  is  further  diftinguifhed  by  its  fuperior  plaf- 
ticity  and  the  fand  which  it  contains.  It  is 
manufactured  into  tobacco-pipes,  and  is  the 
balls  of  the  white  or  Oueen’s-ware  pottery. 

Potters’  clay  is  of  a reddifh,  bluifh  or  greenifh 
colour,  has  a fomewhat  fine  earthy  fradture,  and 
a foft,  often  greafy,  feel : it  adheres  to  the 
tongue  and  is  very  plaftic.  It  burns  to  a hard 
porous  red  brick,  and  in  a higher  heat  runs  into 
a dark-coloured  flag.  When  tempered  with 
water  and  mixed  with  fand  it  is  manufactured 
into  bricks : thofe  varieties  that  are  the  moft 
free  from  pebbles  are  made  into  tiles  and  coarfe 
red  pottery. 


Chalky  clay  is  of  a leaden  blue  colour,  an 
earthy  fradture  and  a meagre  feel : it  is  plaftic, 
but  breaks  down  by  expofure  to  the  weather. 
It  contains  a large  proportion  of  fand  and  round- 
ed pieces  of  chalk  of  all  fizes  up  to  that  of  a 
hazle  nut.  It  effervefces  ftrongly  with  acids, 
burns  to  a red  porous  brick,  and  is  very  fufible. 
It  is  ufed  as  a manure  in  the  counties  of  Lin- 
colnfhire,  Norfolk,  and  Suffolk. 

CLAY  pure.  See  Argil  native. 

CLAY  flaty.  See  Shale. 

CLAYSTONE.  Thonfein , Werner. 

Its  colour  is  greenifh,  bluifli,  or  afh-grey,  or 
brownifh-red  5 it  is  fometimes  marked  by  brown- 
ifh  yellow  fpots  and  ftripes.  It  occurs  in  mafs. 
Its  fradture  is  fine  grained  earthy  palling  into 
even,  flaty  or  fplintery : fome  varieties  are  flat 
conchoidal.  It  is  opake,  dull,  frangible  and 
foft ; has  a meagre  feel  and  does  not  adhere  to 
the  tongue. 

It  forms  latge  mountainous  maffes,  occurring 
in  beds,  veins,  and  as  the  bafis  of  clay  porphyry. 
It  paffes  into  fhale  and  jafper,  and  decompofes 
into  clay. 

CLYSSUS  OF  NITRE.  The  term  clyjfus 
ufed  by  the  old  writers  in  chemiftry  and  alchemy 
is  defined  to  bea  the  vapours  that  arife  from 
the  detonation  of  nitre  with  any  inflammable 
fubftance  ; the  clyffus  of  nitre , the  vapours  from 
nitre  and  charcoal  (for  which  fee  Nitrous  Acid), 
the  clyjfus  of  fulphur , the  vapours  from  fulphur 
and  nitre,  &c.  The  term  is  now  obfolete,  but 
modern  chemiftry  ftill  derives  great  advantage, 
in  many  cafes,  from  this  mode  of  decompofition 
by  nitre. 

COAGULATION.  Gerirmen,  G. 

Coagulation  is  the  folidification  of  a liquid 
produced  without  evaporation,  and  without  its 
afluming  a cryftalline  form.  The  fudden 
hardening  of  the  white  of  egg  by  mere  heat  is 
a familiar  example  of  the  kind.  The  term  is 
fometimes  applied  alfo  to  a very  fudden  and 
confufed  cryftallization,  in  which  the  cryftal- 
lized  particles  appear  amorphous  to  the  naked 
eye,  though  when  examined  with  a glafs  they 
exhibit  fome  regularity  of  form.  Thus,  when 
ftrong  fulphuric  acid  is  added  to  a very  con- 
centrated folution  of  potafli,  the  whole  coagu- 
lates immediately  to  a nearly  folid  mafs  of 
granular  cryftals  of  fulphat  of  potaffi. 

COAK.  Pit  coal  deprived  of  its  volatile  in- 
gredients by  charring  in  the  open  air  or  in  an 
oven,  is  converted  to  a light  porous  fpungy  mafs 
called  coak  or  cinders.  For  further  particulars 
fee  Coal. 
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COAL.  1 Kohle , Germ.  Houille,  Fr, 

Mineralogifts  are  by  no  means  agreed  in  their 
arrangement  of  this  important  genus  of  mineral 
inflammables,  we  {hall  therefore  with  the  lefs 
l'cruple  differ  in  fome  degree  from  them  all. 
It  appears  to  be  upon  the  whole  the  moft  con- 
venient as  well  as  more  conformable  to  nature 
to  include  both  the  carbonaceous  and  carbono- 
bituminous  foflils  under  a {ingle  genus,  fub- 
dividing  it  into  the  families  of  Brown  Coal, 
Black  Coal,  and  Mineral  Carbon. 

* Brown  Coal.  Imperfectly  bituminous ; of 
a brown  colour,  and  vegetable  texture. 

Sp.  I.  Bituminized  wood.  Ligniform  car- 
bonated wood , Kirw.  Bituminofes  holz , Werner. 
Bois  bitumineux  cotnmun , Broch.  Suriurbrand, 
Iceland. 

Its  colour  is  brown  approaching  to  brownifh- 
black.  Its  external  fliape  exaCtly  refembles  that 
of  compreffed  trunks  and  branches  of  trees  ; its 
internal  texture  is  precifely  that  of  wood,  re- 
taining not  unfrequently  even  the  bark.  Its 
fraCture  in  the  {mail  is  fibrous,  in  the  great, 
ilaty.  The  principal  fraCture  is  glimmering 
and  lighter  coloured  than  the  crols  fraCture, 
which  is  fhining,  and  fometimes  imperfeCtly 
conchoidal.  Its  fragments  are  fplintery,  wedge- 
{haped.  It  is  opake,  foft,  gives  a fhining  ftreak, 
is  fomewhat  elaftic  and  flexible,  and  almoft 
light  enough  to  float  on  water.  It  burns  with 
a clear  flame  though  with  but  little  heat,  and 
gives  out  a bituminous  odour  often  mixed  with 
that  of  fulphur. 

The  Surturbrand  of  Iceland,  according  to 
Bergman,  contains  58  per  cent,  of  watery  and 
volatile  inflammable  matter,  the  carbonaceous 
and  earthy  refidue  amounting  to  42  per  cent.  In 
lire  bituminized  wood  of  Rollo,  Vauquelin  found 

54.  vegetable  earth, 

10.7  fulphat  of  iron, 

0.8  fulphur, 

12.7  oxyd  of  iron, 

0.7  fulphat  of  lime, 

0.2  filex. 


20.9  lofs. 


100.0 


Bituminized  wood  occurs  ufually  in  alluvial 
land  among  the  beds  of  common  brown  coal ; 
fometimes  alfo  forming  beds  by  itfelf : in  the 
Prufiian  amber  mines  it  forms  the  ilratum  im- 
mediately above  the  amber,  and  nodules  and 


ftalattites  of  this  beautiful  fubftance  are  gene- 
rally found  intermixed.  It  is  alfo  met  with  in 
difperfed  fragments  in  alluvial  clay.  It  abounds, 
alfo  in  the  newel!  floetz-trapformation,  and 
forms  mafies  in  limeftone  and  fandftone  belong- 
ing to  the  independent  coal-formation. 

It  is  found  in  Britain  at  Bovey,  near  Exeter, 
in  the  ifles  of  Skye  and  Cannay,  in  the  coal 
ftrata  of  Mid-Lothian  ; in  Bohemia  and  various 
parts  of  Germany ; in  France,  Iceland,  and 
Ruflia. 

It  paffes  into  common  brown  coal  and  pitch 
coal,  and  is  occafionally  penetrated  by  quartz. 
It  is  employed  as  a fuel,  but  is  greatly  inferior 
to  black  coal. 

Sp.  II.  Earthy  Brown-coal.  Scaly  and  earthy 
carbonated  wood , Kirw.  Erdkohle  of  Werner. 
Bois  bitumineux  terreux , Broch. 

Its  colour  is  blackilh  or  wood-brown  or  yel- 
lowifh-grey : it  occurs  in  mafs,  of  a confiftence 
between  folid  and  friable.  It  is  without  luflre 
except  when  rubbed  or  cut,  and  then  it  becomes 
fomewhat  fhining.  It  foils  the  fingers  a little  : 
its  fraCture  is  intermediate  between  uneven  and 
fine  earthy.  It  is  very  foft  and  falls  eafily  to 
pieces.  Sp.  gr.  a little  greater  than  that  of 
water. 

It  readily  takes  fire  and  burns  with  a weak 
flame  and  difagreeable  bituminous  odour.  Al- 
cohol when  digefted  with  it  takes  up  a brownifh 
bitter  fubftance,  analogous  to  vegetable  extract : 
by  diftillation  it  yields  a yellow  empyreumatic 
oil,  foluble  in  alcohol,  and  which  when  deprived 
of  its  moifture  by  a gentle  heat,  acquires  the 
confiftence  of  butter  or  cerate. 

It  contains  from  15  to  20  per  cent,  of  earth 
and  oxyd  of  iron,  the  remainder  being  water 
and  inflammable  matter.  It  often  contains  py- 
rites, and  then  paffes  into  the  earthy  ore  of 
alum,  alaunerde , which  fee. 

It  is  found  in  fimilar  fituations  with  the  pre- 
ceding fpecies  : in  the  neighbourhood  of  Leipfig 
it  occurs  in  beds  from  20  to  40  feet  thick,  and 
of  great  extent. 

It  is  ufed  as  an  inferior  kind  of  fuel,  efpe- 
cially  in  manufactories  where  a low'  degree  of 
heat  is  required  •,  for  this  purpofe  it  is  moiftened 
with  water,  well  beaten  and  made  into  brick- 
ihaped  maffes.  In  the  vicinity  of  Cologne  a 
variety  is  found  of  a rich  reddilh-brown  colour, 
which  is  prepared  as  a pigment  under  the  name 
of  Cologne  umber. 

Sp.  III.  Common  Brown-coal.  Compact  car- 
bonated wood , Kirw.  Gemeine  braunkohly  Werner. 
Houille  brune , Broch.  Bovey  coal. 

Its  colour  is  light  brownilh  black  palling  into 

2 P 
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blackifh  brown.  It  occurs  in  mafs  : its  parallel 
fratfture  is  fibrous  lamellar,  paffing  into  flaty, 
and  is  flightly  glimmering ; its  crofs  fra&ure  is 
more  or  lefs  conchoidal  with  a fhining  refinous 
luftre.  It  acquires  a polifh  by  fridiion  ; is  mo- 
derately hard.  Sp.  gr.  1.4  to  1.55;  the  heavieft 
varieties  contain  pyrites. 

It  bums  readily  with  a weak  flame  like  half- 
charred  wood  and  a difagreeable  bituminous 
odour,  and  when  heated  in  clofe  vefiels  it  yields 
much  charcoal ; when  ignited  in  an  open  fire  it 
leaves  behind  a fmall  quantity  of  white  afhes. 
2©o  grains,  according  to  Hatchett, b yield  by 
diftillation 

60  grains  acidulous  water, 

21  thick  brown  oily  bitumen, 

90  charcoal, 

29  hydrogen,  carburetted  hydrogen,  and 
carbonic  acid. 

200 

In  England  it  is  found  at  Bovey  near  Exeter, 
and  is  called  Bovey  coal : at  this  place  there  are 
feventeen  ftrata  within  the  depth  of  feventy- 
four  feet  from  the  furface,  alternating  with 
alluvial  clay  : the  greateft  thicknefs  of  the  feams 
is  between  fix  and  eight  feet.  Brown  coal  is 
alfo  found  in  the  territory  of  Hefle,  and  various 
other  parts  of  Germany,  in  Denmark  and  Green- 
land, and  in  Italy. 

It  is  ufed  like  the  preceding  fpecies,  for  fuel. 
It  pafles  into  bituminous  wood  and  moor-coal, 
fometimes  into  pitch-coal. 

Sp.  IV.  Moor  coal.  Moorhhle , Werner. 
Houille  limoneufe , Broch. 

Its  colour  is  dark  blackifh  brown.  It  occurs 
in  mafs  forming  very  thick  beds,  and  is  charac- 
terized by  being  always  full  of  rifts  and  crevices. 
Internally  it  difplays  a confiderably  refinous 
luftre.  Its  longitudinal  fra&ure  is  imperfe£!ly 
ilaty,  its  crofs  fradlure  is  even,  approaching  to 
flat  conchoidal.  Its  fragments  are  trapezoidal 
or  rhomboidal.  It  is  tender,  remarkably  frang- 
ible, and  light.  In  its  chemical  charadfters  it 
refembles  the  preceding  fpecies. 

It  occurs  in  alluvial  land  and  in  the  neweft 
floetz-trap-formation.  It  is  met  with  very  fre- 
quently in  Bohemia,  and  is  alfo  found  in  Tran- 
fylvania  and  other  parts  of  the  Auftrian  do- 
minions, in  Denmark  and  the  Faroe  iflands. 

**  Black  Coal.  Perfectly  bituminous;  of  a 
black  colour. 

Sp  V.  Slate  coal.  Scbiefer  Kohle , Werner. 
Houille  fchifteufe , Broch. 


Its  colour  is  perfect  black  paffing  into  greyifh- 
black,  and  often  prefents  more  or  lefs  of  an 
irridefcent  tarnilh.  It  occurs  in  maf*  and  gene- 
rally poflefles  a high  refinous  luftre.  Its  prin- 
cipal fra£ture  is  ftrait  flaty,  the  crofs  fradlure 
is  fmall-grained  uneven,  paffing  into  flat  con- 
choidal. It  breaks  into  indeterminately  angular 
or  trapezoidal  fragments.  It  is  foft  and  eafily 
frangible.  Sp.  gr.  r.25  to  1.4.  It  contains 
from  57  to  64  per  cent,  of  carbon,  from  33  to 
43  of  bitumen,  being  a mixture  of  maltha  and 
afphalt,  and  from  3 to  6 per  cent,  of  earth  and 
oxyd  of  iron.  It  runs  into  the  two  following 
varieties. 

Var.  1.  Foliated  coal.  Blatterkohle,  Werner.. 
Charbon  lamelleux , Broch. 

This  differs  from  the  preceding  in  having  a 
fomewhat  higher  luftre,  and  a ftrait  foliated- 
longitudinal,  and  flaty  crofs  fra&ure.  It  is  alfa 
fofter  and  more  fubjedl  to  decompofition. 

Var.  2.  Coarfe  coal.  Grobkoble , Werner.. 

Houille  groJfteret  Broch. 

The  crofs  frafture  of  this  difplays  a coarfer 
granular  texture  than  common  flate-coal ; its 
colour  is  not  fo  pure  a black,  it  poflefles  lefs 
luftre,  is  confiderably  harder,  and  its  fp.  gr.  on 
account  of  the  greater  quantity  of  earth  that  it 
contains,  amounts  to  about  1.5. 

Moft  of  the  common  coals  belong  to  this 
fpecies,  and  from  the  different  phenomena  which 
they  exhibit  during  combuftion,  a great  number 
of  varieties  are  known  in  the  market,  and  are- 
fufficiently  obvious  to  an  experienced  eye,  which 
yet  cannot  be  defcribed. 

The  two  points  which  are  principally  to  be 
attended  to  with  regard  to  common  coals,  in  an 
economical  point  of  view,  are  the  intenfity  of 
the  heat  and  the  duration  of  the  combuftion, 
and  thefe  are  chiefly  influenced  by  the  propor- 
tion of  afphalt  which  they  contain.  Coals  in. 
which  the  bituminous  part  is  chiefly  maltha, 
with  only  a fmall  quantity  of  afphalt,  kindle 
very  eafily,  burn  brifkly  and  quickly  with  a 
bright  blaze,  cake  but  little,  require  no  ftirring,, 
and  by  a fingle  combuftion  are  reduced  to  loofe 
afhes,  fuch  are  the  Lancafhire  coals,  the  Scotch 
and  moft  of  thofe  which  are  raifed  on  the  wef- 
tern  fide  of  England.  Thofe  on  the  other  hand 
in  which  afphalt  prevails  kindle  difficultly,  and 
after  lying  fome  time  on  the  fire  become  foft. 
and  in  a ftate  of  alrnoft  femifufion ; they  then 
cohere  or  cake,  fwell  confiderably,  and  throw 
out  on  every  fide  tubercular  fcorias  accompanied 
by  bright  jets  of  flame.  In  confequence  of  the 
cohefion  and  tumefaftion  of  the  coals,  the  paf- 
fage  of  the  air  is  interrupted,  the  fire  burns 
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hollow  and  would  be  extinguifhed  if  the  top 
were  not  broken  in  from  time  to  time.  The 
produce  of  afhes  is  fmaller  than  in  the  free 
burning  coals,  the  greater  part  of  them  being 
mixed  with  the  carbonaceous  part  of  the  coal 
and  forming  grey  fcoriae,  commonly  known  by 
the  name  of  cinders,  which  being  burnt  again 
with  frefh  fuel  give  out  an  intenfe  heat,  and  are 
flowly  reduced,  partly  to  heavy  afhes  and  partly 
to  flag.  The  bell  coal  of  Northumberland 
Durham  and  Yorkfhire  is  of  this  kind  : it  burns 
longer  and  gives  more  heat  than  the  preceding, 
and  in  general  bears  a higher  price. 

Slate  coal  is  found  principally  in  the  indepen- 
dent coal-formation,  and  is  the  mod  widely 
diffufed  of  any  of  the  fpecies.  It  is  often  mixed 
with  pyrites,  and  penetrated  by  thin  veins  of 
quartz  or  calcareous  fpar. 

Sp.  VI.  Pitch  coal.  Pechhhle,  Werner. 
Houille  piciforme , Broch. 

Its  colour  is  velvet  black  palling  fometimes 
into  brownilh  black.  It  occurs  in  mafs,  in 
plates,  and  fometimes  in  the  Ihape  of  branches 
with  a regular  woody  ftruddure.  It  has  a bril- 
liant refinous  luftre,  and  a perfe&ly  conchoidal 
fraddure ; the  furfaces  of  the  natural  joints  are 
nearly  fpecular : its  fragments  are  indeterminate 
fharp-edged.  It  is  foft  and  brittle.  Sp.gr.  1.3. 

It  burns  with  a greenilh  flame  and  a ftrong 
bituminous  fmell,  and  leaves  behind  a light  yel- 
lowilh  coloured  alh.  It  occurs  principally  in 
the  neweft  floetz-trap  coal-formation.  It  is  ufed 
as  fuel,  but  the  finer  and  harder  pieces  are 
worked  into  various  trinkets,  and  go  under  the 
name  of  jet.  It  occurs  in  detached  fragments 
in  the  Pru  Ilian  amber  mines,  and  is  there  called 
black  amber. 

Sp.VII.  Cannel  coal.  Kennelkohle,  Werner. 
Houille  de  Kilkenny,  Broch.  (This  mineralogift 
however  is  entirely  in  an  error  in  fuppofing 
cannel  and  Kilkenny  coal  to  be  the  fame,  the 
latter  of  thefe  being  a variety  of  Glance  coal. 
See  fpecies  8.) 

Its  colour  is  dark  greyifli  black.  It  occurs  in 
mafs : has  a gliftening  refinous  luftre.  Its  lon- 
gitudinal fraddure  is  flat  conchoidal,  its  crofs 
fraddure  is  perfeddly  conchoidal.  When  cut 
with  a knife  it  exhibits  a fhining  luftre,  and 
the  cut  furface  is  full  of  very  minute  conchoi- 
dal fraddures,  giving  it  a porous  appearance. 
It  is  brittle,  but  is  the  mold  difficultly  frangible 
of  all  the  coals.  Sp.  g.  1.23.  It  is  very  inflam- 
mable, and  crackles  and  flies  while  burning, 
efpecially  if  it  is  not  laid  in  the  direddion  of 
the  crofs  fraddure : it  flames  much  and  burns 
quickly,  but  does  not  cake,  and  leaves  behind 
from  3 to  4 per  cent  of  alhes. 


The  fplent  coal  of  Scotland  is  an  inferior  va- 
riety of  cannel : its  principal  fraddure  is  flaty, 
its  crofs  fraddure  imperfeddly  conchoidal ; its 
fp.  gr.  1.42.  It  contains  pyrites,  and  leaves 
about  21  per  cent,  of  afhes. 

Cannel  coal  occurs  in  the  independent  coal- 
formation.  It  is  found  in  great  plenty  and  re- 
markably pure  at  Wigan  in  Lancafhire,  and  oc- 
cafionally  in  moft  of  the  other  Englifh  col- 
lieries. 

The  fplent  coal  abounds  at  Gilmerton,  near 
Edinburgh. 

Its  chief  ufe  is  as  a fuel,  but  the  pureft  Wigan 
cannel  will  bear  to  be  worked  in  the  turning 
lathe,  from  which  it  receives  a high  polifli : 
hence  it  is  fhaped  into  various  ornamental  uten- 
fils,  and  when  cut  into  beads  is  not  to  be  dif- 
tinguifhed  from  jet. 

* * * Mineral  Carbon.  Deftitute  of  bitumen; 
confifts  of  charcoal,  with  various  proportions 
of  earth  and  iron. 

Sp.VII.  Mineral  charcoal.  Mineralifche  Holz- 
kohle.  Werner. 

Its  colour  is  greyifh  black.  It  occurs  in  plates 
and  irregular  pieces.  It  has  a glimmering  filky 
luftre,  and  a fibrous  fraddure  difcovering  its  lig- 
neous texture.  It  foils  the  fingers,  is  foft  and 
friable.  It  is  fomewhat  heavier  than  common 
charcoal,  and  is  eafily  reduced  to  afhes  before 
the  blowpipe  without  flaming. 

It  occurs  in  thin  layers  in  brown  coal,  flate 
coal,  flaty  glance  coal,  and  pitch  coal,  but  in  too 
fmall  quantities  to  be  made  any  feparate  ufe 
of. 

Sp.  VIII..  Glance  coal.  _ 

Of  this  there  are  three  varieties. 

Var.  1.  Conchoidal  glance  coal.  Mufchliche 
glanzkohle,  "Werner.  Houille  eclat  ante,  Broch. 

Its  colour  is  iron-black,  inclining  to  brown. 
It  occur?  in  mafs  and  veficular,  the  interior  of 
the  veficles  has  a fteel  blue  tarnifh.  It  has  a 
bright  fhining  metallic  luftre,  and  a perfeddly 
conchoidal  fraddure.  Its  fragments  are  inde- 
terminately angular,  and  fharp-edged.  It  is 
moderately  hard,  frangible  and  light. 

It  burns  without  flame  or  fmell,  and  leaves  a 
white  afh.  That  from  Hefl’e  has  been  analyzed, 
and  contains  96.66  charcoal 
2.  alumine 
1.33  oxyd  of  iron 
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It  is  of  rare  occurrence,  having  been  met  with 
only  in  the  Meiffner  in  Heffe,  and  at  Ncw- 
caftle. 
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Var.  2.  Columnar  glance  coal.  Stangenkohle , 
Werner.  Houille  fcapiforme , Broch. 

Its  colour  is  dark  greyifh  black,  fometimes 
verging  to  brownilh  black,  tire  fides  of  its  natu- 
ral divifions  are  often  covered  with  a yellow 
ferruginous  earth.  It  occurs  in  mafs.  It  pof- 
fefles  a fhining  luftre,  between  refinous  and  me- 
tallic. Its  fra&ure  is  more  or  lefs  perfe£Uy 
conchoidal.  It  always  occurs  in  thick,  curved, 
parallel,  columnar,  diftin<ft  concretions,  having 
fmooth  glimmering  furfaces.  It  is  foft,  very 
eafdy  frangible  and  light. 

It  burns  without  flame  or  fmell,  and  leaves  a 
greyifh  white  afli.  It  has  hitherto  been  only 
found  at  the  Meiflner  in  Hefle,  where  it  occurs 
together  with  other  coal  in  the  newel!  floetz- 
trap-formation. 

Var.  3.  Slaty  glance  coal.  Schiefrige  glanz- 
kohle,  Werner.  Kohlenblende  of  Broch.  Emmerl. 
and  Wiedenm.  Anthracite , Hauy  and  Dolomieu. 
Kilkenny  coal.  Weljh  culm. 

Its  colour  is  dark  iron  black,  verging  on  fteel- 
grey.  It  occurs  in  mafs : has  a bright  metallic 
luftre  : its  principal  fra£lure  is  more  or  lefs 
curved  flaty,  its  crofs  fradbure  is  fmall  and  im- 
perfedbly  conchoidal.  It  breaks  eafily  into  in- 
determinate angular  fragments.  Sp.gr.  1.5  to 
x.8. 

When  pulverized  and  heated  on  a muffle  it 
becomes  red,  and  flowly  confumes,  with  a very 
light  lambent  flame,  without  fmoak;  it  does  not 
cake,  and  when  pure  emits  no  fulphureous  or 
bituminous  odour : it  leaves  a variable  propor- 
tion of  reddilh  alhes,  and  the  unconfumed  par- 
ticles retain  their  original  colour  and  luftre. 

The  Kilkenny  coal  is  fomewhat  harder  than 
is  cuftomary  with  this  variety,  it  poflefles  a very 
brilliant  luftre,  which  by  long  keeping  is  im- 
paired, in  confequence  of  a light  olive  tint  which 
overfpreads  it  from  decompofing  pyrites.  Some 
kinds  being  nearly  pure  burn  without  any  fmell, 
but  it  often  gives  out  a ftrong  fulphureous  odour. 
Thofe  fpecimens  that  abound  in  pyrites  alfo 
contain  mineral  charcoal. 

Slaty  glance  coal  confifts  of  carbon,  with  from 
3 to  30  per  cent,  of  earth  and  iron  : the  follow- 
ing are  the  principal  analyfes  which  have  been 
made  of  this  fubftance. 


Vauquelin 

Dolomieu 

Panzenberg 

Carbon  - - 68  — 

72.05  — 

90 

90 

Silex  - - 30  — 1 

— 

2 

4 

Alumine  - — — 

3*29  ~ 

5 

4 

Oxyd  of  iron  2 — 

3-47  “ 

3 

2 

100 

92.00 

100 
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This  mineral  occurs  in  imbedded  mafles,  beds 
and  veins  in  primitive,  tranfition,  and  floetz 
rocks.  It  is  found  in  gneifs,  in  micaceous  and 
argillaceous  fchiftus,  in  mineral  veins,  with  cal- 
careous fpar,  native  filver,  mineral  pitch,  and 
red  iron  ore,  and  has  been  difeovered  by  Jamefon 
in  the  independent  coal-formation  in  the  Ifle  of 
Arran. 

Sp.  IX.  Plumbago.  Graphit,  Werner.  Gra- 
phite, Broch.  Fer  carhure , Hauy.  Black-lead. 

Its  colour  is  dark  iron  black,  palling  into 
fteel-grey.  It  occurs  in  mafs,  in  kidney-lhaped 
lumps,  and  diffeminated.  It  has  a gliftening 
metallic  luftre : its  fra£!ure  is  fmall  fomewhat 
curved  foliated  approaching  to  fcaly,  or  gra- 
nular uneven ; in  the  great  it  is  flaty.  It  oc- 
curs generally  in  granular  or  fcaly  diftintfl  con- 
cretions : it  takes  a polilh  by  cutting  or  rubbing, 
gives  a dark  lead-grey  ftreak,  is  un£tuous  to 
the  feel,  foft,  and  not  very  brittle.  Sp.  gr.  1.98 
to  2.2 6. 

When  heated  it  does  not  flame,  nor  can  it 
fupport  combuftion  by  itfelf.  After  long  ex- 
pofure  to  a high  heat  on  a muffle  its  carbon  is 
burnt  oft",  and  its  earthy  and  metallic  part  re- 
mains behind. 

The  purer  kind  of  plumbago,  according  to 
Scheele  and  Berthollet,  confifts  of  about  90  per 
cent,  of  carbon  and  10  of  iron.  An  impure: 
kind  from  Plutfler  afforded  Vauquelin 

23  carbon 
2 iron 

37  alumine 

38  Silex 

100 


It  is  found  in  primitive  and  tranfition  rocks  in 
England,  Scotland,  France,  Spain,  Germany, 
&c. 

Its  moll  important  ufe  is  as  a material  for 
pencils  to  write  or  draw  with,  for  which  pur- 
pofe  none  that  has  yet  been  difeovered  is  com- 
parable to  that  from  Borrowdale  in  Cumber- 
land : it  is  fometimes  ufed  to  lubricate  ma- 
chinery with  inftead  of  oil  j alfo  to  protedl  iron 
from  ruft,  and,  when  mixed  with  clay,  as  a ma- 
terial for  crucibles. 

Modern  mineralogifts  diftinguifli  three  dif- 
ferent kinds  of  coal-formation,  or  three  feries 
of  rocks  entirely  different  from  each  other, 
which  contain  coal ; and  as  a knowledge  of 
thefe  is  important  both  in  an  economical  point 
of  view,  and  to  enable  us  to  form  a juft  theory 
concerning  the  origin  of  this  interefting  mineral, 
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»e  {hall  give  a fhort  account  of  the  principal 
fa£ts  that  are  alcertained  on  this  fubjetft. 

The  independent  or  true  coal-formation  con- 
fifts  effentially  of  extenfive  parallel  ftrata  of 
coal,  covered  by  ftrata  of  fhale,  which  contain 
impreffions  of  vegetables,  and  fometimes  the 
remains  of  frefh-water  {hell-fifh.  Beneath  each 
ftratum  of  coal  is  generally  a ftratum  of  fome- 
what  greafy  indurated  clay,  called  by  the  miners 
clunchy  which  is  ufually,  if  not  always,  deftitute 
of  thofe  organic  remains  that  chara&erize  the 
fhale.  It  rarely  happens  that  the  flate  belonging 
to  an  inferior  ftratum  of  coal  is  in  immediate 
contact  with  the  clunch  of  a fuperior  ftratum, 
the  coal  feams  being  generally  feparated  from 
each  other  by  beds  of  various  coloured  fand- 
ftone,  of  clay,  of  bituminous  {hale,  of  ratchil 
or  rubble-ftone,  of  a foft  decompofing  clay 
porphyry,  or  griinftein,  called  by  the  Englilh 
miners  rotten-ftone,  of  argillaceous  iron  ore, 
of  marl,  and  of  fecondary  limeftone.  Some- 
times one,  often  feveral  of  thefe  ftrata  interpofe 
between  the  feams  of  coal  in  irregular  alter- 
nation, and  there  are  extenfive  collieries  in 
•which  fome  of  them,  efpecially  the  limeftone,  are 
entirely  wanting.  The  number  of  feams  of  coal 
in  any  particular  formation  or  coal-field  is  ex- 
tremely variable ; it  feldom  however  happens 
that  there  are  more  than  three  or  four  worth 
the  expence  of  working.  The  uppermoft  feam 
is  generally  ftiattery,  and  very  much  mixed  with 
earth  and  pyrites.  The  parallelifm  of  the  va- 
rious ftrata  is  for  the  moft  part  very  exactly 
preferved,  though  where  a very  thick  bed  of 
fandftone  occurs,  the  ftrata  above  and  below  it 
have  not  always  the  fame  parallel.  The  gene- 
ral pofition  of  the  beds  in  the  independent  coal- 
formation  is  fcarcely  ever  horizontal,  and  never 
vertical,  though  occafionally  forming  an  angle 
of  about  750.  The  regularity  of  the  dip,  how- 
ever, is  frequently  interrupted  by  partial  dif- 
ruptions,  flips,  and  finkings  of  the  ftrata,  em- 
phatically called  by  the  miners  troubles , which 
appear  like  great  cracks  and  are  filled  with  fand, 
gravel,  clay,  &c.  and  afford  a free  paffage 
for  the  water.  Sometimes  the  ftrata  are  divided 
by  vertical  walls  of  bafalt,  rifing  from  an  un- 
known depth  to  the  furface,  and  of  vaft  length; 
thefe  are  called  by  the  miners  cl\kes,  and  differ 
from  the  flips  in  being  impermeable  to  water, 
and  in  fimply  dividing  the  ftrata  without  alter- 
ing their  direction  : both  the  flips  and  the  dykes 
however  are  obferved  to  (hatter  and  pulverize, 
and  decompofe  the  coal  in  their  immediate  vi- 
cinity. The  particular  fpecies  that  are  found 
in  the  independent  formation  are  flate  coal,  with 


its  varieties,  cannel  coal,  and  fometimes  pitch- 
coal.  Almoft  all  the  Englilh  coals,  and  thofe  in 
the  neighbourhood  of  Liege,  are  found  in  this 
formation. 

The  fecond  coal  formation  is  characterized 
by  the  neweft  floetz-trap.  In  this  the  ftrata 
are  not  fo  numerous  nor  fo  perfectly  parallel 
as  in  the  former.  The  coal  is  not  covered  with 
{hale,  but  with  clay  or  bafalt,  in  which  are  found 
neither  vegetable  impreffions  nor  animal  re- 
mains. The  beds  which  compofe  this  forma- 
tion are  wakke,  bafalt,  both  amorphous  and 
columnar,  griinftein  porphyry,  and  argillaceous 
iron  ore.  Slips  or  difruptions  of  the  ftrata  are 
not  common  in  this  formation,  but  dykes  are  of 
frequent  occurrence.  The  fpecies  of  coal  which 
it  contains  are  principally  pitch-coal,  alfo  moor 
and  glance  coal,  and  fometimes  flate-coal. 
The  chief  collieries  of  Scotland,  thofe  of 
Auvergne  and  the  central  parts  of  France,  of 
the  Meiffner  in  Heffe,  and  the  Mittelgebirgc  in 
Bohemia  are  examples  of  this  formation. 

The  third  coal-formation  occurs  in  alluvial 
land,  and  poflefles  many  characters  that  diftin— 
guiftr  it  from  the  preceding  ones.  The  only 
ftrata  which  are  found  in  it,  are  clay,  fand,  and 
gravel.  The  feams  of  coal  do  not  preferve  the 
fame  thicknefs  through  the  whole  of  their  ex- 
tent, nor  is  the  parallelifm  of  the  earthy  ftrata 
by  any  means  regular,  fudden  elevations  and 
depreffions  in  the  fame  ftratum,  frequently 
taking  place.  There  are  no  flips  or  dykes  in 
this  formation,  and  every  appearance  concurs  to 
prove  its  very  recent  origin.  The  fpecies  of 
coal  that  it  contains  belong  chiefly  to  the  brown- 
coal  family,  namely  bituminized  wood,  earthy 
and  common  brown-coal,  moor-ccal,  and  rarely 
pitch-coal. 

The  figns  of  coal  are  very  uncertain  both  in 
the  floetz-trap  and  alluvial  formations.  In  the 
firft  of  thefe  no  appearance  is  to  be  depended 
on  except  the  actual  outburft  of  coal,  or  of  a 
bed  of  clay,  containing  fragments  of  coal.  In 
the  fecond,  the  only  probable  indication  is  clay, 
with  branches  and  trunks  of  trees : petrified 
wood  is  often  found  in  confidera’ble  quantity  in 
fandjlone  H rata,  without  there  being  the  flighted: 
probability  of  a bed  of  coal  beneath. 

The  independent  coal-formation  has  however 
more  numerous  figns,  and  thofe  better  to  be' 
depended  on.  Being  the  oldeft  of  the  three 
formations  it  is  fituated  nearer  the  primitive 
and  tranfition  rocks  than  the  others,  and  in  ge- 
neral appears  to  rank  immediately  after  fecond- 
ary limeftone : where  beds  of  this  adjoin,  and. 
reft  upon  flate,  as  is  frequently  . the  cafe  in  the 
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northern  and  weftern  parts  of  England,  the  in- 
dependent coal-formation  is  generally  obferved 
within  a little  diftance  of  the  limeftone  on  the 
oppofite  fide  to  the  flate-rock,  and  therefore  di- 
vided from  it  by  the  limeftone.  The  extenfive 
collieries  of  Flint,  Ruabon  and  Chirk  in  North 
"Wales,  of  Glamorganfhire  in  South  Wales,  of 
Coalbrook-dale  in  Shroplhire,  and  Kingfwood, 
near  Briftol,  are  all  examples  of  this,  all  of  them 
commencing  immediately  in  the  vicinity  of  l’e- 
condary  limeftone,  which  itfelf  on  the  oppofite 
fide  may  be  traced  into  flate:  in  fome  of  thefe  in- 
ftances  the  limeftone  does  not  exceed  a few  hun- 
dred yards  in  width,  while  in  others  it  amounts 
to  feveral  miles.  Among  the  ftrata  of  which 
the  coal-formation  itfelf  is  compofed,  limeftone, 
clay,  and  marl,  are  the  leaft  certain  indications, 
as  thefe  are  met  with  moft  frequently  in  form- 
ations unconnected  with  coal.  White  mica- 
ceous fandftone,  efpecially  when  in  thin  layers 
is  a promifing  fign  : argillaceous  iron  is  ftill 
more  fo ; but  {hale  with  vegetable  impreflxons, 
or  the  tenacious  blue  clay  into  which  it  de- 
compofes,  is  the  ftrongeft  indication  of  all : 
there  are  few  fituations  in  which  this  fihale  or 
clay  occurs  where  an  accurate  fearch  will  not 
difeover  detached  fragments  of  coal,  and  often 
the  crop  or  outburft  of  the  feam  itfelf ; and 
even  fhould  thefe  be  wanting,  it  will  be  well 
worth  while  to  employ  the  borer  and  pierce 
through  the  fhale,  immediately  beneath  which 
* feam  will  be  found,  if  it  belongs  to  the  coal- 
formation. 

From  the  vegetable  remains  with  which  the 
fhale  that  lies  upon  coal  is  always  filled,  from 
the  ligneous  texture  which  may  be  traced  here 
and  there,  even  in  the  moft  compaft  fpecies  of 
coal,  and  from  the  regular  and  gradual  tran- 
fition  of  bituminized  wood  through  pitch  coal, 
and  flate  coal,  into  glance  coal,  it  is  now  gene- 
rally fuppofed  that  all  coal  (plumbago  excepted) 
is  of  vegetable  origin.  As  to  the  precife  mode 
and  agent  by  which  the  procefs  of  bitumini- 
zation  has  been  brought  about,  the  manner  in 
which,  and  the  period  when  the  fucceflive  ftrata 
of  the  coal-formations  have  been  depofited,  there 
exifts  and  probably  ever  will  exift,  various  theo- 
ries more  or  lefs  ingenious  and  confiftent,  which 
although  in  all  likelihood  very  remote  from  the 
truth  are  valuable  as  exciting  to  further  enquiry, 
and  as  convenient  methods  of  arranging  and 
colle&ing  many  very  curious  and  important 
fa£ts.  To  enter  into  the  detail  of  thefe,  how- 
ever, would  be  deviating  too  far  from  the  prac- 
tical obje&s  of  the  prefent  work. 

The  great  ufe  of  coal  is  as  a material  for 


fuel,  and  it  is  ufed  either  in  its  crude  ftate,  or 
after  it  has  been  converted  into  coak  by  a pro- 
cefs analogous  to  that  by  which  wood  is  made 
into  charcoal. 

Unprepared  coal  is  employed  in  all  manu- 
factures in  which  liquids  are  to  be  boiled  or 
evaporated,  fuch  as  brewing,  falt-making,  dis- 
tilling, and  dying  ; it  is  ufed  alfo  in  this  ftate 
by  glafsmakers,  blackfmiths,  and  limeburners, 
and  in' all  metallurgical  procefies  in  the  large 
way,  where  fufion  is  performed  in  a reverbe- 
rating furnace.  As  a domeftic  fuel  alfo  it  is 
ufed  for  the  moft  part  without  any  preparation; 
but  in  fome  places  where  coal  cannot  readily 
be  procured,  it  is  reduced  by  pounding,  to  the 
confidence  of  fmall  gravel,  and  worked  up  with 
an  equal  weight  of  tenacious  clay,  and  moulded 
into  balls  of  the  fize  of  the  fift.  Thefe  being 
firft  well  dried  in  the  air  are  made  ufe  of  as 
fuel,  and  are  found  to  burn  longer  and  give  out 
more  heat  than  the  coal  would  do  without  this 
addition.  The  only  inconvenience  attending 
thefe  balls  is,  that  they  do  not  readily  inflame, 
and  therefore  it  is  neceflary  at  the  kindling  the 
fire  to  employ  common  coal,  and  not  to  add 
the  balls  till  a fufficient  body  of  fire  has  been 
collefted. 

In  blaft  furnaces,  and  the  upright  fmelting 
furnaces  for  iron  and  copper,  coal  cannot  be  ufed 
in  its  crude  ftate,  both  becaufe  its  fulphureous 
vapours  would  injure  the  quality  and  dimi- 
nifli  the  quantity  of  metal,  and  becaufe  by  its 
caking  the  current  of  air  would  be  obftrufted, 
and  the  whole  procefs  thrown  into  diforder : nei- 
ther can  this  combuftible  be  employed,  except 
in  the  ftate  of  coak,  for  drying  malt  and  other 
fimilar  procefies  in  which  fmoaky  fuel  would 
be  extremely  prejudicial.  Coal  is  deprived  of 
its  bitumen  and  other  volatile  parts,  or  in  other 
words  is  made  into  coak,  in  various  ways.  The 
fimpleft  mode  is  to  difpofe  it  in  beds,  from  40 
to  60  yards  long  about  fix  feet  wide  and  three 
feet  high,  in  the  open  air,  and  kindling  it  in  va- 
rious parts,  to  allow  the  combuftion  to  proceed 
till  the  mafs  is  of  a glowing  red  and  ceafes  to 
fmoke : being  now  taken  to  pieces  and  fpread 
abroad  the  fire  foon  goes  out,  and  the  refidue  is 
found  to  be  a light  fpungy  fcoriform  fubftance 
(technically  called  coak  or  cinders)  not  fo  eafily 
inflammable  as  coal,  but  when  once  kindled 
giving  out  an  intenfe  heat  without  either  caking 
or  fmoaking.  The  above  is  apparently  a very 
wafteful  procefs,  not  only  becaufe  the  volatile 
matters  are  allowed  to  efcape,  but  by  this  free 
expofure  to  the  air  a confiderable  portion  of  the 
carbonaceous  part  is  alfo  loft : it  has  however 
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this  advantage,  that  the  fulphur  is  at  the  fame 
time  entirely  got  rid  of,  which  cannot  be  done  by 
clofe  diftillation,  and  in  confequence  the  fuel  is 
much  better  fitted  for  thofe  purpofes  in  which 
the  prefence  of  fulphur  would  be  detrimental : 
for  this  reafon  doubtlefs  it  is  that  all  the  coak 
confumed  in  the  numerous  iron  forges  of  this 
country  is  thus  prepared.  Another  method  of 
charring  coal  is  to  burn  it  in  large  vaulted  ovens 
till  it  ceafes  to  flame  : this  is  more  economical 
than  the  former,  both  becaufe  the  produ£t  of 
coak  is  greater,  and  becaufe  the  flack  or  fmall 
coal  of  the  caking  kinds  may  be  employed  for 
this  purpofe  ; all  the  volatile  parts  however  are 
loft,  and  the  coak  is  not  entirely  defulphu- 
rated. 

In  the  county  of  Saarbruck  on  the  Rhine,  are 
fome  eftablifhments  for  making  coak  and  lamp- 
black at  the  fame  time,  which  perhaps  might 
be  found  worthy  of  imitation  in  this  country. 
The  furnace e is  a long  cylinder  of  brick-work 
placed  fomewhat  in  a flanting  direttion,  ter- 
minated at  the  lower-end  by  a grate  and  regifter 
door,  and  opening  at  the  other  extremity  into  a 
large  vaulted  chamber : the  firft  chamber  com- 
municates with  a fecond  fimilar  to  it,  except 
that  it  is  finaller,  and  this  latter  by  means  of  an 
aperture  in  the  ceiling  opens  into  a chimney,  a 
fack  of  loofely  woven  cloth  being  interpofed. 
The  procefs  begins  by  lighting  a fire  in  the  fur- 
nace and  fupplying  it  gradually  with  coals,  till 
the  furnace  is  about  half  full,  then  by  means 
of  the  regifter  in  the  door,  a fmall  current  of 
air  is  admitted  till  the  coals  ceafe  to  fmoke ; at 
this  period  the  door  is  opened  and  the  contents 
of  the  furnace  are  raked  into  a hole  below  its 
mouth,  where  they  are  extinguifhed,  leaving 
however  in  the  furnace  a fufficient  quantity  of 
lighted  coals  to  kindle  the  next  charge.  While 
the  coals  are  thus  charring  the  fmoke  paffes  in- 
to the  large  chamber,  where  it  depofits  the 
greateft  part  of  its  foot,  and  the  reft  is  collected 
in  the  fmall  chamber,  and  in  the  fack  which 
covers  the  opening  into  the  chimney.  By  a 
careful  regulation  of  the  draft  it  appears  pro- 
bable that  the  coal  might  be  as  completely  de- 
fulphurated,  and  with  as  little  lofs  as  in  the  open 
air,  and  the  lamp-black  would  be  nearly  a clear 
gain  : ioo  lbs.  of  coal  thus  treated  afford  about 
33  lbs.  of  coak,  and  3!  of  lamp-black. 

Coal,  when  heated  in  clofe  or  nearly  clofe 
veffels,  affords  a vaft  quantity  of  a highly  in- 
flammable gas  (already  defcribed  as  a variety  of 
Carburetted  Hydrogen)  of  Coal-Tar,  or 
Petroleum,  and  of  impure  carbonated  am- 
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monia.  From  a laudable  defire  of  faving  the 
two  latter  valuable  produ&s,  which  had  hitherto 
been  allowed  to  efcape  in  the  procefs  of  coak- 
ing,  Lord  Dundonald  eredbed  fome  years  ago  at 
Coalbrook-dale,  and  we  believe  elfewhere,  a 
feries  of  buildings  to  ferve  as  a kind  of  diftil- 
latory  apparatus,  in  which  he  prepared  coak,  and 
at  the  fame  time  collected  the  petroleum  and  am- 
monia difengaged  in  the  procefs:  his  fuccefs  was 
complete,  as  far  as  the  diftillation  was  con- 
cerned, but  the  undertaking  was  fhortly  aban- 
doned in  confequence,  as  we  underftand,  of  the 
fulphur  contained  in  coak  thus  made,  which 
rendered  it  unfit  to  be  ufed  in  the  furnaces. 
Indeed  it  is  manifeft,  that  in  order  to  decom- 
pofe  the  pyrites  with  which  all  coal  more  or  lefs 
abounds,  it  is  neceffary  to  expofe  it  while  burn- 
ing to  fuch  a ftream  of  air  as  fhall  deftroy  both 
the  petroleum  and  ammonia,  and  leave  no  oppor- 
tunity for  the  exertion  of  economical  ingenuity, 
except  in  the  colle£lion  of  foot  and  increafing 
in  fome  degree  the  produdl  of  coak. 

COATING,  or  Lorication.  See  Cements. 

COBALT.  Cobalt , Fr.  Kobolt,  Germ. 

Cobalt  when  pure  is  a metal  of  a white 
colour  inclining  to  bluiih  or  fteel-grey,  when 
tarnifhed  acquiring  a reddifh  tinge  : its  fra£ture 
is  compact,  fine-grained  uneven.  At  the  com- 
mon temperature  it  is  brittle  and  pulverizable, 
but  when  red  hot  will  bear  to  be  in  fome 
degree  extended  under  the  hammer.  Its  fpe- 
cific  gravity  is=8.53 * ^ 1S  attracted  by  the 

magnetic  needle,  and  is  itfelf  capable  of  polarity. 
It  requires  for  its  fufion  nearly  the  fame  inten- 
fity  of  heat  as  caft  iron  does.  When  in  the 
ftate  of  oxyd  it  tinges  the  faline  vitreous  fluxes 
of  a deep  blue  colour.  It  is  foluble  in  nitro- 
muriatic  acid,  and  the  diluted  folution  forms  a 
blue  fympathetic  ink.  It  occurs,  1.  mineral- 
ized by  arfenic ; 2.  as  an  oxyd  ; 3.  combined 
with  arfenic  acid ; 4.  combined  with  fulphuric 
acid. 

Sp.  I.  Arfenical  Cobalt.  a 

Cobalt  is  never  found  pure  in  the  metallic 
ftate,  but  is  always  alloyed  with  arfenic,  and 
often  contains  befides  a variable  portion  of  iron 
and  fulphur,  befides  which  it  is  occafionally 
mixed  with  nickel,  bifmuth  and  filver.  The 
amorphous  fub-fpecies  have  none  of  them  been 
fubje£ted  to  an  accurate  analyfis,  but  the  cryf- 
tallized  has  been  examined  both  by  Klaproth 
and  Taffaert.  The  former  chemift  obtained 
from  the  bright  white  cobalt  of  Tunaberg. 

(3d  fub-fpecies) 
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44  Cobalt 
55.5  Arfenic 

0.5  Sulphur 


100.0 


The  latter  procured  from  the  fame  variety, 
36.66  Cobalt 
49.  Arfenic 
5.66  Iron 
6.5  Sulphur 


97.82 
2.18  Lofs 


100. 


Similar  differences  are  obfervable  between 
the  analyfis  of  this  variety  by  other  chemifts,  fo 
that  it  may  be  confidered  as  allowing  of  a con- 
fiderable  range  both  in  the  proportion  and 
nature  of  its  conftituent  parts,  without  mate- 
rially affecting  its  cryftallization.  It  appears 
however  from  Hauy,  that  when  the  cryftals 
difplay  a lamellar  fracture  they  contain  a 
notable  proportion  of  fulphur  and  iron.  Kir- 
wan,  Hauy  and  others,  form  two  fpecies  of 
cobalt  ore  according  to  the  preponderance  of 
arfenic  or  pyrites  in  their  compofition.  Bro- 
chant  and  the  later  German  mineralogifts  on 
the  other  hand  form  three  fpecies.  This  latter 
arrangement  appears  the  mod  ufeful  and  exa£t, 
but  as  there  are  in  reality  no  certain  fpecinc 
characters,  we  fhall  confider  the  whole  as  one 
fpecies  with  three  fubdivifions. 

1.  Sub-fpecies.  White  Cobalt.  Weijfer  Speif- 
hobolt.  Cobalt  blanc.  (Species  2d.  of  Kirw.  and 
Hauy.) 

The  colour  of  this  mineral  when  recently 
broken  is  tin-white,  but  its  furface  is  generally 
yellowifh,  bluifh,  reddifh,  or  greyifh,  or  iridef- 
cent  like  fteel  that  has  been  heated.  It  occurs 
in  mafs,  diffeminated,  kidney-fhaped,  and  rarely 
in  minute  quadrangular  tables,  or  imperfect 
cubes  and  octahedrons.  Their  external  luftrc 
is  flight,  but  internally  is  brilliant  and  metallic. 
Its  fraCture  is  fine-grained,  uneven : when 
broken,  it  flies  into  fharp-edged  irregular  frag- 
ments. When  in  mafs  it  contains  fine-grained 
granular  diftinCt  concretions.  It  acquires  a 
polifh  by  friCtion,  is  brittle  and  hard.  When 
expofed  to  the  blow-pipe  white  cobalt  melts 
with  great  facility,  giving  out  at  the  fame  time 
a white  vapour  and  ftrong  arfenical  odour,  a 
white  brittle  bead  of  metal  remaining  behind 


which  communicates  a blue  colour  to  glafs  of 
borax. 

It  is  found  in  Norway,  at  Tunaberg  in 
Sweden,  Annaberg  in  Saxony,  alfo,  though 
rarely,  in  Swabia  and  Stiria.  In  Saxony  and 
Norway  it  is  contained  in  beds  of  micaceous 
fchiftus  accompanied  by  the  red  earthy  cobalt, 
quartz,  hornblende  and  pyrites. 

2.  Sub-fpecies.  Dull-grey  Cobalt.  Greater- 
Speijkobolt . Cobalt  gris  (Sp.  I.  of  Kirw.  and 
Hauy.) 

The  colour  of  this  mineral  is  a clear  fteel 
grey,  but  by  expofure  to  the  air  it  acquires  an 
iridefcent  tarnifh.  It  occurs  in  mafs  or  difle- 
minated,  fometimes  in  kidney-fit  aped  or  cluf- 
tered  mafles,  and  very  rarely  in  fpecular  laminae. 
Its  external  luftre  is  very  feeble,  but  internally 
it  exhibits  a bright  metallic  luftre.  Its  fraCture 
is  compaCt,  generally  even,  but  fometimes 
pafling  into  flat  conchoidal;  its  grain  is  remark- 
ably fine  and  clofe.  Its  fragments  are  fharp- 
edged,  indeterminate.  It  is  not  fo  hard  as  the 
preceding,  and  is  lefs  brittle.  Its  fpecific  gra- 
vity varies  from  4.3  to  5.3  or  even  5.5.  It 
gives  a bluifh-grey  metallic  ftreak.- 

When  expofed  by  itfelf  to  the  blow-pipe  it 
gives  out  an  arfenical  vapour  and  fmell,  but 
feldom  fufes:  when  treated  in  the  fame  way 
with  borax  it  gives  the  flux  a blue  colour,  and 
is  reduced  to  a metallic  globule. 

A fpecimen  of  this  from  Cornwall  was  ana- 
lyzed by  Klaproth,  who  procured  from  it  about 
20  per  cent,  of  cobalt,  24  of  iron,  and  33  of 
arfenic,  the  remainder  confifting  partly  of  bif- 
muth  and  fulphur,  together  with  ear  dry  matter; 
fome  varieties  have  alfo  been  found  to  contain 
nickel  and  filver. 

It  is  fomewhat  rarer  than  the  following  fub- 
fpecies,  but  is  found  at  Schneeberg,  Freyberg, 
and  other  places  in  Saxony,  at  Joachimfthal  in 
Bohemia,  Wittichen  in  Sw'abia,  and  Schnroel- 
nitz  in  Hungary ; alfo  in  Stiria,  at  Allemont  in 
France,  in  Norway,  and  in  Cornwall.  It  is  ge- 
nerally accompanied  by  other  cobaltic  ores,  by 
kupfernikel,  native  bifmuth,  and  filver. 

3.  Sub-fpecies.  Bright  white  Cobalt.  Glanz 
Kobolt.  Cobalt  eclat  ant  (Sp.  2.  of  Kirw.  and 
Hauy. ) 

The  colour  of  this  mineral  is  tin-white,  but 
tarniflres  to  greyifh,  yellowifh,  or  iridefcent.  It 
is  found  in  mafs,  or  diffeminated  or  inverting; 
or  of  particular  fliapes  as  cluftered,  reniform, 
globular,  interlaced,  in  fpanglcs ; or  cryftallized 
in  cubes  or  oGahedrons.  The  cryftals  are  of 
middling  fize  or  fnrall,  their  furface  is  com- 
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monly  fmooth  and  brilliant,  and  marked  with 
ftriae  on  the  fides  of  the  primitive  cube. 

The  fra£ture  of  the  cryftals  is  lamellar,  that 
of  the  other  varieties  is  fine-grained  uneven,  or 
radiated.  When  in  mafs  it  prefents  granular, 
or  tedaceous,  or  lamellar  diftin£t  concretions. 

In  hardnefs  it  is  fomewhat  inferior  to  the  pre- 
ceding fub-fpecies ; when  pulverized  it  is  of  a 
fteel-grey  colour.  Sp.  gr.  6.2  to  6.3.  It  is  brittle 
and  eafily  broken. 

When  expofed  to  the  blow-pipe  it  burns 
with  a faint  white  flame,  difengaging  arfenical 
vapours ; it  then  becomes  black,  is  attr-a&able 
by  the  magnet,  and  is  with  the  utmoft  difficulty 
reduced  to  a metallic  globule.  It  often  affords 
as  much  as  50  per  cent,  of  reguline  cobalt. 

This  is  the  commoned  of  all  the  ores  of 
cobalt:  it  occurs  for  the  moil  part  in  primitive 
mountains,  together  with  the  other  fpecies  of 
cobalt  ore,  with  vitreous,  red,  and  native  filver, 
with  arfenical  and  cupreous  pyrites,  &c.  It  is 
met  with  in  many  parts  of  Germany,  but  efpe- 
cially  in  Saxony  and  Bohemia,  at  Tunaberg  in 
Sweden,  at  Modun  in  Norway,  in  the  Pyrenees, 
in  Stiria,  and  in  Cornwall. 

Species  II.  Earthy  Cobalt.  Of  this  there  are 
the  four  following  varieties. 

Var.  x.  Friable  black  cobalt,  Schwarzer  Ko- 
bolt  multn.  Cobalt  terreux  noir  friable. 

The  colour  of  this  is  black,  bluiffi,  brownifh 
or  greyiffi  black.  It  has  no  luftre,  is  of  a loofe 
earthy  confidence,  friable  and  meagre ; it  flains 
the  fingers  in  a flight  degree,  and  gives  a bright- 
iffi  dreak.  It  is  foluble  in  muriatic  acid,  tinges 
borax  blue,  and  very  rarely  betrays  any  fulphu- 
reous  or  arfenical  ingredient  when  treated  with 
the  blow-pipe. 

Var.  2.  Indurated  black  Cobalt.  Verhcerteter 
fchivarzer  Kobolt.  Cobalt  terreux  noir  endurci. 

In  colour  it  refembles  the  former,  except  that 
it  is  fometimes  of  a dark  greeniffi  black.  It  oc- 
curs maffive,  difleminated,  inveding,  kidney- 
Ihaped,  cludered  or  in  veins.  It  is  dull,  but 
takes  a poliffi  by  fri£tion.  Its  fracture  is  earthy 
and  compa£t,  paffing  into  flat  conchoidal.  It 
poflefles  a moderate  degree  of  hardnefs.  Sp.  gr. 
from  2.  to  4.  With  nitric  acid  it  gives  a red 
folution,  and  a bluifh  green  one  with  muriatic 
acid.  It  has  not  been  accurately  analyzed,  but 
confids  of  oxyd  of  cobalt  with  a fmall  variable 
proportion  of  arfenic  and  fulphur  mixed  with 
vitreous  filver  ore,  oxyd  of  iron  and  clay. 

This  and  the  preceding  variety  are  always 
found  together,  but  the  indurated  is  by  much 
the  mod  rare.  It  is  found  in  Saxony,  Thurin- 
gia, Swabia,  and  Tyrol. 
vol.  U 
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Var.  3.  Yellow  Cobalt.  Gelber  Erdkoboll. 
Cobalt  terreux  jaune. 

Its  colour  is  that  of  faded  draw,  paffing  into 
greyiffi-white  and  often  dreaked  with  brick- 
red.  It  is  found  in  mafs,  difleminated,  or  in- 
veding. It  is  without  ludre,  has  a fine-grained 
earthy  fratture,  gives  an  un&uous  dreak,  is  foft 
and  friable. 

It  is  infufible  per  fe>  gives  a feeble  arfenical 
odour,  and  communicates  a deep  blue  tinge  to 
borax  : but  when  mixed  with  iron,  as  it  often 
is,  the  colour  is  greenifh. 

This  is  one  of  the  rared  of  the  ores  of  cobalt : 
it  has  hitherto  been  found  only  at  Saalfeld  in 
Thuringia,  Alpirlbach  in  Wirtemberg,  and  Al- 
lemont  in  Dauphine. 

Var.  4.  Brown  Cobalt.  Brainier  Erdkobolt. 
Cobalt  terreux  brim. 

Its  colour  is  a clear  liver-brown  paffing  into 
grey,  yellow,  and  black.  It  occurs  in  mafs  or 
difleminated ; it  is  dull,  but  acquires  a greafy 
ludre  by  fridtion.  Its  fradture  is  fine-grained 
earthy.  It  is  eafily  broken,  being  almod  friable. 
It  has  not  been  analyzed,  but  appears  to  be  the 
connedling  link  between  the  fecond  and  third 
varieties.  When  thrown  on  burning  coals  it 
generally  gives  out  an  arfenical  odour. 

Sp.  III.  Red  Cobalt.  Of  this  there  are  two 
varieties. 

Var.  1.  Crydallized.  Koboltblute.  Fleurs  de 
Cobalt. 

The  ufual  colour  of  this  mineral  is  peach- 
bloflom  red,  paffing  into  cochineal  and  greyifh- 
red ; by  expofure  to  the  air  it  becomes  paler 
and  almod  white.  It  is  found  very  rarely  in 
mafs  or  difleminated,  and  dill  feldomer  cludered 
or  kidney-draped : its  mod  ufual  date  is  that  of 
a thin  crydalline  covering,  or  minute  drufes  of 
crydals.  The  forms  which  it  generally  affedts 
are  redtangular  tables,  or  tetrahedral  acicular 
prifms,  or  hexahedral  prifms  terminated  by 
dihedral  fummitg:  thefe  figures  however  are 
not  often  determinable  on  account  of  the 
minutenefs  of  the  crydals,  and  their  tendency 
to  form  radiated  and  globular  groups.  The 
furface  of  the  crydals  is  fmooth  and  brilliant, 
and  their  fradture  lamellar.  The  fracture  of 
the  other  kinds  is  radiated  paffing  into  fibrous. 
It  is  tranflucid,  and  often  when  crydallized  fe- 
mitranfparent. 

Before  the  blow-pipe  it  gives  a faint  arfenical 
odour,  and  becomes  of  a dark  grey  colour,  it  is 
almod  infufible  by  itfelf,  and  gives  a beautiful 
blue  tinge  to  borax. 

Var.  2.  Earthy.  Koboltbefchlag . Cobalt  ter- 
reux rouge  pulverulent. 
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The  colour  of  this  is  the  fame  as  that  of  the 
preceding  variety.  It  occurs  in  a pulverulent 
or  indurated  ftate,  difleminated  through  or 
invefting  other  minerals,  and  occafionally  in 
mafs.  It  is  dull,  opake,  and  has  an  uneven 
earthy  fracture.  In  other  refpe£ts  it  agrees 
with  the  preceding. 

Sp.  IV.  Native  Sulphat  of  Cobalt.  Natur- 
licher  Koboltvitriol.  Sulfate  de  Cobalt  natif. 

At  Herrengrund,  near  Neufohl  in  Hungary, 
is  found  a faline  fubftance  in  the  form  of  tranf- 
lucid  ftala£lites  of  a pale  rofe  red  colour  : it 
was  at  firft  fuppofed  to  be  fulphat  of  manganefe, 
but  from  an  analyfis  by  Klaproth  it  appears  to 
be  a pure  fulphat  of  cobalt. 

Reduction  of  the  Ores  and  Analyfis. 

Cobalt  is  never  employed  in  the  reguline 
ftate  for  any  purpofe  of  manufactory,  the  foie 
ufe  of  this  valuable  metal  being  to  give  various 
Ihades  of  blue  colour  to  glafs,  porcelain,  and 
other  earthy  mixtures,  and  when  thus  employed 
it  mult  be  in  the  ftate  of  oxyd.  But  the  inten- 
fity  of  colour  given  by  the  oxyd  in  very  fmall 
proportion  is  fo  great  that  it  is  found  more  con- 
venient, after  due  calcination,  to  mix  and  dilute 
it  with  a quantity  of  vitrifiable  earth,  and  in  this 
ftate  it  is  generally  fold,  that  is,  either  fimply 
mixed  with  earth,  when  it  appears  as  a brown 
gritty  powder  called  Tjajfre , or  elfe  already 
melted  with  a portion  of  vitrifiable  materials 
when  it  becomes  a glafs  of  a moll  intenfe  blue 
colour,  which,  when  properly  ground  and  fifted, 
forms  the  Smalt  of  the  flmps. 

The  preparation  of  thefe  two  articles  of  com- 
merce will  be  mentioned,  after  the  analyfis  of 
the  cobalt  ores  has  been  defcribed. 

Many  of  thefe  ores  are  complicated  and  diffi- 
cult to  analyze.  The  natural  metallic  admix- 
tures with  cobalt  hitherto  difcovered  are  the 
following : 

1.  Arfenic,  generally  in  very  large  quantity, 
part  of  which  is  in  the  ftate  of  reguline  arfenic, 
and  as  it  appears,  another  part  is  in  the  ftate  of 
arfenic  acid,  or  at  leaft  is  brought  to  this  ftate 
in  the  procefs  of  analyfis.  This  unites  with 
part  of  the  cobalt  forming  an  arfeniat  of  cobalt, 
which  has  often  been  miftaken  for  the  pure 
oxyd.  The  entire  feparation  of  the  two  is 
attended  with  much  difficulty. 

2.  Nickel  is  abundantly  mixed  with  many  of 
the  cobaltic  ores,  and  not  eafily  feparated,  being 
foluble  in  the  fame  menftrua. 

3.  Iron,  in  variable  quantity,  generally  ad- 
heres to  the  natural  cobalts,  and  is  a hurtful 
ingredient,  as  it  much  alters  and  impairs  the 

* Klaproth. 


beautiful  blue  colour  for  which  alone  cobalt  is 
valued. 

4.  Manganefe,  which  now  and  then  is  mixed 
with  the  cobalt  ores,  has  a ftill  worfe  effedl  than 
iron  on  the  colouring  power. 

5.  A little  copper  is  contained  in  fome  of 
the  ores  of  cobalt,  but  does  not  much  injure 
their  quality. 

An  imperfect  analyfis  of  the  cobalt  ores 
refembling  that  of  Tunaberg,  and  confiding 
chiefly  of  arfenic  and  cobalt  is  made  in  the  dry 
way,  by  mixing  the  ore  with  charcoal,3  or 
better  with  faw-duft,  and  roafting  it  to  expel 
the  arfenic,  with  the  precautions  defcribed  under 
that  metal.  The  remaining  oxyd,  after  thorough 
calcination,  fbould  be  mixed  with  about  four 
times  its  weight  of  an  equal  mixture  of  carbonat 
of  potaffi  and  tartar  (or  with  any  other  faline 
reducing  flux),  and  heated  intenfely  for  about 
15  minutes  in  a heat  lufficient  to  melt  call  iron. 
A button  of  reguline  cobalt  is  found  beneath 
the  fcoria,  which  laft  are  always  of  an  intenfe 
blue  almoft  black,  owing  to  the  folution  of  part 
of  the  cobalt-oxyd.  From  100  grains  of  the 
ore  of  Tunaberg  Klaproth  obtained  in  this  way 
44  grains  of  regulus  of  cobalt,  but  this  would 
obvioufly  be  impure  whenever  the  ore  contained 
iron,  or  copper,  or  nickel,  nor  is  it  quite  certain 
that  every  atom  of  the  arfenic  would  be  ex- 
pelled. 

The  reducing  flux  employed  by  Beaume  is 
the  following  : mix  one  ounce  of  roafted  ore  of 
cobalt  with  three  ounces  of  black  flux  and  half 
an  ounce  ©f  potafh,  cover  it  when  in  the  crucible 
with  about  one  ounce  of  fait,  and  heat  at  firft 
flowly,  afterwards  very  brifkly  for  about  a quar- 
ter of  an  hour. 

For  the  mere  purpofes  of  analyfis  the  follow- 
ing laboured  and  accurate  analyfis  of  the  fame 
by  Taflaert  is  much  preferable,5  the  particu- 
lars of  which  may  be  given,  as  the  whole  is 
extremely  inftruidlive. 

That  the  reader  may  better  underftand  the 
procefs  it  may  be  premifed,  that  when  reguline 
arfenic  is  boiled  with  a little  nitric  acid  it  is  dif- 
folved  and  converted  into  white  oxyd,  all  of 
which  is  depofited  by  mere  evaporation  to  a 
fmall  bulk  of  liquid : but  when  much  nitric  acid 
is  ufed,  the  arfenic  is  more  or  lefs  acidified, 
becomes  thereby  much  more  foluble  in  water, 
and  then  a£f  ing  as  an  acid,  it  readily  diflolves  co- 
balt, iron,  & c.  forming  arfeniats  of  thofe  metals, 
which  are  decompofable  by  the  fixed  alkalies. 
It  may  be  alfo  added,  that  oxyd  of  cobalt  is 
foluble  in  ammonia,  but  oxyd  of  iron  is  not,  and 
k An.  Chim.  tom.  aS. 
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that  the  nitrat  of  iron  depofits  much  of  its  iron 
by  mere  expofure  to  air,  but  the  nitrat  of  cobalt 
remains  clear. 

A.  To  eftimate  the  quantity  of  arfenic  fepa- 
rately  M.  Taflaert  digefted  xoo  parts  of  the  co- 
balt ore  with  dilute  nitric  acid,  and  in  fome  hours 
the  whole  was  diflolved,  but  by  cooling  depofited 
a quantity  of  white  cryftalline  grains.  On  eva- 
poration more  of  them  were  depofited,  and 
when  all  had  thus  feparated  they  were  colle£ted 
and  dried,  and  weighed  56  parts,  all  of  which 
was  fublimed  by  heat  except  3 parts,  probably  a 
mixture  of  arfenic  and  cobalt.  Hence  the  oxyd 
of  arfenic  from  this  ore  may  be  reckoned  at 
about  53  parts,  indicating  49  per  cent,  of  metal- 
lic arfenic  in  the  ore. 

B.  Three  hundred  parts  of  the  ore  were  then 
digefted  with  four  times  as  much  nitric  acid, 
which  made  a rofe-coloured  folution.  By  partial 
evaporation,  adding  water,  and  heating,  a rofe- 
white  precipitate  (a)  fell  down,  leaving  a rofe- 
coloured  folution.  This  folution  boiled  with  an 
excefs  of  potalh  gave  an  oxyd  of  cobalt  at  firft 
rofe-coloured,  then  pafling  to  green,  and  when 
dried  in  a red  heat,  black.  It  weighed  85  parts. 

C.  The  85  parts  of  the  laft  experiment  were 
then  examined  for  iron.  When  re-dilfolved  in 
nitro-muriatic  acid,  pure  ammonia  was  added, 
which  gave  a black  precipitate,  which  was  all 
re-diflolved  by  an  excefs  of  the  alkali  except  a 
fmall  portion,  which,  again  treated  with  nitro- 
muriatic  acid  and  ammonia,  was  reduced  to  4 
parts,  and  appeared  to  be  oxyd  of  iron. 

D.  The  rofe  precipitate  of  experiment  B. 
which  proved  to  be  a mixed  arfeniat  of  cobalt 
and  iron,  was  decompofed  by  cauftic  potalh  in 
excefs,  and  gave  a precipitate  weighing  100 
parts  when  dried. 

E.  The  100  parts  of  the  laft  experiment  were 
redilfolved  in  nitric  acid,  the  folution  evaporated 
partly  and  then  diluted  with  water.  A precipi- 
tate of  oxyd  of  iron  weighing  27  parts  then 
feparated,  and  a clear  folution  of  cobalt  was 
left. 

F.  The  nitrat  of  cobalt  of  the  laft  experiment 
was  decompofed  by  ammonia,  and  the  precipi- 
tate redilfolved  by  an  excefs  of  the  alkali,  except 
15  parts  of  infoluble  oxyd  of  iron.  The 
folution  was  added  to  the  ammoniated  cobalt 
of  experiment  C. 

G.  The  infoluble  precipitates  of  oxyd  of  iron 
of  C,  E,  and  F were  then  mixed  and  examined. 
They  ftill  gave  a blue  glafs  with  borax,  and 
therefore  contained  a certain  portion  of  cobalt. 
Acetic  acid  was  found  a good  method  of  fepa- 


rating  them.  For  this  purpofe  they  were  re- 
dilfolved  in  nitro-muriatic  acid,  precipitated  by 
juft  fufficient  ammonia,  and  the  precipitate 
wliilft  ftill  wet  was  put  into  acetic  acid.  This 
diflolved  the  whole  at  firft,  but  on  boiling  and 
evaporating  the  folution  nearly  to  drynefs  molt 
of  the  iron  feparated,  and  by  redilfolving  in 
water  and  evaporating  nearly  to  drynefs  fuc- 
cefiively  four  times,  nearly  all  the  oxyd  of 
iron  was  rendered  infoluble,  whilft  the  cobalt 
remained  in  the  folution,  and  this  acetited  cobalt 
in  proportion  as  it  was  freed  from  iron  became 
more  and  more  of  a fine  rofe  colour.  This  laft 
was  then  fuperfaturated  with  ammonia,  and  the 
folution  of  ammoniated  cobalt  was  added  to  the 
different  portions  of  the  fame  obtained  in  the 
former  experiments.  The  whole  was  then  boiled 
to  expel  the  excefs  of  ammonia,  and  by  adding 
potafh  the  whole  of  the  pure  oxyd  was  precipi- 
tated, which  when  well  walhed  and  dried, 
weighed  133  parts.  This  oxyd  reduced  in  at 
crucible  lined  with  charcoal,  gave  regulus  of 
cobalt  in  its  pureft  form,  of  the  fpecific  gravity 
of  8.538,  and  to  all  appearance  totally  free  from 
arfenic  and  iron. 

H.  Laftly,  to  eftimate  the  quantity  of  ful- 
phur,  100  parts  of  the  ore  were  feparately  boiled 
with  500  of  nitric  acid,  and  diluted  with  water 
to  feparate  all  the  oxyd  of  arfenic  that  would  be 
depofited  fpontaneoufly.  All  the  fulphur  being 
now  converted  into  fulphuric  acid  by  the  attion 
of  the  nitric  acid,  nitrat  of  barytes  was  added, 
and  from  the  precipitated  fulphat  of  barytes  the 
quantity  of  fulphuric  acid,  and  of  courfe,  of 
fulphur,  was  eftimated  according  to  known  pro- 
portions. 

Some  improvements  may  be  fuggefted  in  this 
ingenious  analyfis.  To  feparate  the  arfenic  com- 
pleatly  from  the  cobalt  to  which  it  adheres  fo 
obftinately,  Mr.  Chenevix’s  method  may  be  ad- 
vantageoufly  adopted  of  adding  nitrat  of  lead  to 
the  folution  of  the  ore  containing  the  arfenic 
fully  acidified  and  partly  united  to  the  cobalt. 
The  nitrat  of  lead  will  engage  all  the  arfenic 
acid,  and  decompofe  the  arfeniat  of  cobalt.  The 
arfeniat  of  lead,  being  infoluble,  remains  at  the 
bottom,  the  clear  folution  may  then  be  decom- 
pofed by  carbonatof  potafh,  which  will  feparate 
all  the  metallic  contents,  after  which  ammonia 
will  diflolve  the  cobalt,  and  alfo  any  nickel  that 
may  be  prefent,  leaving  the  iron  and  any  excefs 
of  lead  that  may  remain.  The  ammoniated  folu- 
tion of  nickel  and  cobalt  may  be  thus  feparated, 
according  to  Mr.  R.  Phillips.  c Let  the  folution 
be  evaporated  till  the  excefs  of  ammonia  is 


* Phil.  Mag.  vol.  x6.  p.313. 
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driven  off  (which  is  known  by  a paper  dipped 
in  turmeric  liquor  no  longer  turning  brown)  in 
this  Hate,  if  potafh  is  added,  and  diluted  with 
much  water,  the  whole  of  the  nickel  is  precipi- 
tated very  fpeedily,  but  the  cobalt  remains  fuf- 
pended  for  a confiderable  time. 

If  copper  be  contained,  after  the  arfeniat  of 
lead  is  precipitated,  as  in  the  laft  procefs,  let 
the  copper  be  feparated  by  a bar  of  iron  before 
the  nitric  folution  is  decompofed  by  alkalies. 

In  the  large  way  cobalt  and  nickel  may  be 
confiderably  feparated  by  fcorification  with  nitre, 
the  oxyd  firft  produced  being  chiefly  cobalt.  d 

Cobalt  was  fuppofed  by  Brugnatelli c to  be 
capable  of  acidification.  This  was  found  by 
Darracqf  to  be  a miftake,  but  fome  of  the  parti- 
culars will  fliew  fome  further  circumftances  re- 
lative to  the  union  of  arfenic  acid  and  cobalt.  If 
zaffre  is  digefted  in  ammonia  for  fome  time,  a 
red  folution  is  formed,  which  when  much  eva- 
porated depofits  a yellow  oxyd.  The  clear  fo- 
iution,  after  drynefs,  is  again  foluble  in  water, 
but  not  the  yellow  oxyd.  If  zaffre  is  boiled  in 
water,  a folution  is  alfo  obtained,  which  when 
evaporated  depofits  a whitifh  oxyd,  after  which 
it  cryftallizes.  The  folution  is  fenfibly  acid, 
but  is  not  a cobaltic  acid  as  was  fuppofed,  but  an 
arfeniat  of  cobalt  with  excefs  of  acid.  The 
oxyd  in  both  cafes  is  not  a pure  oxyd  of  cobalt, 
but  a mixture  of  cobalt  with  arfenic  in  fome 
ftate  of  oxygenation. 

The  pureft  poflible  regulus  of  cobalt  obtain- 
able by  any  yet  known  procefs,  is  certainly  that 
which  is  got  from  the  ammoniated  folution  in 
the  way  above  deferibed,  but  as  this  is  very 
expenfive,  chemifts  have  endeavoured  with  fome 
fuccefs  to  purify  this  metal  by  fufion.  Lam- 
padius’s  procefs  g is  the  following.  Proje£l  in 
a red-hot  crucible  a mixture  of  4 ounces  of 
fmalt,  2 ounces  of  nitre,  and  half  an  ounce  of 
charcoal.  A ftrong  fmell  of  arfenic  is  perceived 
in  the  procefs,  and  a blackilh  grey  mafs  remains, 
which  is  to  be  again  mixed  with  nitre  and  char- 
coal, and  deflagrated  as  before  : then  throw  into 
the  crucible  2 ounces  of  black  flux  and  heat  it 
ftrongly  for  an  hour.  This  gives  a tolerably  pure 
regulus,  weighing  6 drams.  Powder  it,  and  mix 
it  with  1 dram  of  nitre  and  as  much  manga- 
nefe,  then  put  it  in  a luted  double  crucible,  and 
heat  it  for  an  hour  in  a forge-furnace.  The 
metal  lofes  by  this  operation  all  its  iron,  and  is 
nearly  pure,  excepting  a fmall  portion  of  arfenic, 
which  may  be  further  feparated  if  neceff’ary. 

Tromfdorf’s  procefs  is  nearly  fimilar.  h The 


zaffre  or  fmalt  is  to  be  twice  detonated  with 
nitre,  waffled  in  hot  water  to  carry  off  the 
arfenic  now  united  with  the  alkali  of  the  nitre, 
and  the  refidue  digefted  in  nitric  acid,  which 
will  only  touch  the  cobalt,  leaving  the  iron  in 
the  higheft  ftate  of  oxidation.  The  purified 
oxyd  of  cobalt  may  then  be  reduced  in  the  com- 
mon way. 

It  may  be  obferved  on  the  fubje£l  of  fepa- 
ration  of  iron  from  cobalt  (as  this  is  of  con- 
fequence  for  manufacturing  the  fineft  poflible 
colour  from  it)  that  when  an  alkali  is  added 
gradually  to  a mixed  folution  of  the  two  metals, 
much  of  the  iron  precipitates  before  the  cobalt 
falls,  and  this  diftinClion  is  very  obvious  by  the 
colour.  Thus  if  carbonated  potafh  be  flowly 
added  to  nitrat  of  cobalt  and  iron,  the  firft  pre- 
cipitate is  a dull  ochery  flime,  chiefly  iron,  after 
which  the  cobalt  fhews  itfelf  by  a violet  coloured 
precipitate,  and  thus  a judicious  addition  of 
alkali  (flopping  when  the  violet  colour  is  per- 
ceived) will  alone  purify  the  folution  to  a con- 
fiderable degree. 

Preparation  of  Zaffre,  Smalt,  and  Azure. 

All  the  zaffre  and  fmalt  of  commerce  is  pre- 
pared in  the  large  way  in  feveral  parts  of  Ger- 
many,  and  particularly  at  Schneeburg  in  Mifnia* 
which  affords  a very  lucrative  trade  to  Saxony. 

The  cobalt  ore  is  put  on  the  hearth  of  a fur- 
nace like  a baker’s  oven,  ‘ fo  conftruCled  that 
the  flame  of  wood  is  reverberated  on  all  fides 
over  the  furface,  and  foon  heats  it  red-hot.  A 
very  denfe  arfenical  vapour  then  begins  to  be 
given  out,  which  is  conveyed  through  a very 
long  horizontal  wooden  fquare  trough  or  chim- 
ney, fometimes  as  much  as  a hundred  fathoms 
in  length,  where  the  arfenic  is  chiefly  condenfedj 
though  Kunckel  remarks  that  notwithftanding 
this  enormous  length  of  chimney,  fome  of  the 
vapours  ftill  efcape  through  the  further  opening. 
The  cobalt  ore  is  calcined  for  fome  hours  till  it 
fcarcely  emits  any  more  vapours,  after  which  it 
is  ground  to  powder,  calcined  a fecond  time, 
again  ground  and  palled  through  a very  fine 
fieve.  This  powder  is  then  mixed  with  two 
parts  of  powdered  flints  or  quartz,  moiftened, 
and  put  in  barrels,  where  it  grows  exceflively 
hard.  This  forms  the  zaffre  in  the  ftate  in 
which  it  is  exported.  The  real  reafon  of  adding 
the  flints  appears  to  be  for  fome  purpofes  of 
concealment,  the  exportation  of  the  Ample  cal- 
cined oxyd  being  forbidden  under  heavy  penal- 
ties. 

Smalt , fometimes  alfo  called  zaffre,  and  when 


* Trorafdorf.  * An.  Chim.  tom.  33.  f An.  Chim.  tom.  41.  * An.  Chim.  tom.  26.  p.  89.  h Ph.  Jour.  vol.  ix. 

1 Kunckel  in  a note  to  Neri’s  Art  de  la  Verrerie,  p.  51. 
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finely  powdered,  azure  blue,  is  a very  deep  blue 
glafs,  made  of  the  calcined  ore  of  cobalt  and 
fome  verifiable  ingredients,  which  is  ufed  as  a 
colouring  matter  for  a variety  of  purpofes.  k 
The  proportion  of  the  verifiable  bafis  to  the 
cobalt  depends  on  the  eftimated  goodnefs  of  the 
latter  and  the  refult  of  fmall  trials.  On  an 
average,  equal  parts  of  the  calcined  cobalt  ore, 
of  potalh,  and  of  ground  flints  are  taken.  Thefe 
are  firft  fritted  and  then  made  into  glafs,  in  pots 
fimilar  to  thofe  of  the  glafs-houfes,  requiring 
from  8 to  1 2 hours  of  fufion.  When  the  blue 
glafs  is  perfect,  it  is  taken  out  with  iron  ladles 
and  dropped  into  cold  water  to  crack  it  in  every 
direction  and  make  it  more  eafily  reducible  to 
powder,  which  is  afterwards  performed  in  a 
mill  made  of  very  hard  ftone  inclofed  in  a 
wooden  cafe.  At  the  bottom  of  the  glafs-pots 
a quantity  of  regulus  of  bifmuth  is  always 
found,  (the  ores  of  bifmuth  and  cobalt  being 
naturally  mixed)  and  above  it  is  a mixed  alloy 
of  arfenic,  iron,  and  copper. 

The  grinding  the  blue  glafs  is  a work  of 
labour  and  fome  difficulty.  Several  degrees  of 
finenefs  are  prepared  by  means  of  grinding  and 
walking.  Thefe  are  all  known  by  the  general 
term  of  fmalt,  or,  when  in  very  fine  powder, 
azure.  The  term  azure  however  is  alfo  applied 
to  lapis  lazuli  blue,  a totally  different  fubftance. 

As  a colouring  matter  fmalt  is  very  valuable, 
both  on  account  of  the  fine  intenfe  blue  which 
it  produces,  and  for  its  comparative  cheap  nefs, 
and  becaufe  it  is  not  altered  by  any  heat.  In 
this  laft  refpett  it  is  fuperior  to  lapis  lazuli,  the 
colour  of  which  is  entirely  and  permanently 
deftroyed  in  a red-heat,  but  fmalt  will  not  mix 
with  oil  colours,  and  therefore  can  only  be  very 
partially  ufed.  Smalt  is  ufed  when  mixed  with 
ftarch  to  give  a flight  blue  to  linen,  or  rather 
to  correct  the  tendency  to  yellow  which  linen 
acquires  when  worn. 

Zaffire  is  prepared  alfo  in  Bohemia,  Wirtem- 
berg,  Silefia,  Lorrain,  and  fome  other  parts  of 
the  Continent,  but  the  Saxon  is  preferred,  and 
yields  to  the  proprietors  an  annual  revenue  of 
200,000  crowns1. 

Cobalt,  when  rendered  as  pure  as  poffible 
by  the  method  above-defcribed,  has  a fteel-grey 
colour,  not  very  refplendent,  when  flowly  cooled 
appears  reticulated  in  its  texture,  is  brittle,  and 
fulible  at  a heat  about  equal  to  that  of  caff- 
iron.  However  carefully  it  has  been  freed 
from  iron,  it  remains  magnetic,  and  therefore 
there  is  reafon  to  fuppofe  that  this  is  a property 
inherent  in  the  metal  itfelf. 


Cobalt  burns  in  oxymuriatic  acid  gas  with  a 
bright  white  flame,  but  in  a common  fire  it 
only  oxidates  when  heated  ftrongly  in  contaft 
with  air.  In  this  cafe  the  oxyd  is  black.  A 
hundred  grains  of  reguline  cobalt  yield  by  this 
procefs  Ii8  grains  of  the  black  oxyd,m  and 
hence  ioo  grains  of  the  oxyd  contain  84.75  of 
cobalt  and  15.25  of  oxygen  When  it  contains 
arfenic  the  oxyd  becomes  fomewhat  reddifh. 

Cobalt  or  its  oxyd  is  foluble  in  moft  acids. 

The  fulphuric  acid  diffolves  cobalt  with  diffi- 
culty, but  better  its  oxyds.  A fulphat  of  cobalt 
is  formed  by  digefting  the  black  oxyd,  or  com- 
mon zaffre,  or  the  precipitate  from  nitrated 
cobalt  by  carbonated  potaffi,  with  four  times 
as  much  fulphuric  acid,  fomewhat  diluted,  or 
better,  by  diffilling  the  acid  from  the  cobalt  to 
drynefs  and  adding  warm  water  to  the  refidue. 
This-folution  evaporated  flowly  affords  by  cool- 
ing cryftals  of  fulphat  of  cobalt,  which  are  of  a 
fine  red  when  the  metal  is  pure,  but  greenifh 
when  it  contains  nickel.11  Thefe  cryftals  when 
flowly  depofited  are  often  aluminiform.  They 
require  24  parts  of  cold  water  for  folution,  but 
only  15  parts  when  heated  to  1450. 

Nitric  acid  difl'olves  both  cobalt  and  its  oxyds 
copioufly  and  with  eafe  when  gently  heated  and 
digefted.  The  folution  is  red,  or  claret-coloured, 
or  if  holding  iron,  approaching  to  yellow.  By 
evaporation  it  fcarcely  cryftallizes,  but  leaves  a 
faline  deliquefcent  mafs.  This  when  further 
heated  parts  with  all  its  acid,  and  leaves  a dark 
red  or  violet-coloured  oxyd. 

Muriatic  acid  a£ts  with  great  difficulty  on 
cobalt,  and  only  by  repeated  evaporation  to  dry- 
nefs and  adding  freffi  acid.  But  the  oxyds  of 
this  metal  it  diffolves  with  much  more  eafe. 
The  folution  is  of  a rofe-red,  but  when  heated, 
and  much  concentrated,  it  affumes  a beautiful 
blue  green,  more  approaching  to  blue  as  the 
cobalt  is  more  free  from  iron.  It  is  neceffary 
that  the  folution  be  concentrated  to  produce 
this  effeff,  and  the  dry  fait  {hews  it  ftill  more 
perfectly.  This  Angular  property  of  the  muriat 
of  cobalt  was  firft  ufed  by  Hellot  in  making  a 
beautiful  Sympathetic  Ink.  if  characters  be  traced 
with  this  folution  fufficiently  diluted  on  paper, 
they  are  fcarcely  vifible  when  cold,  but  when 
held  before  the  fire  they  fpeedily  affume  a very 
bright  beautiful  blue-green.  On  cooling  they 
again  become  invifible,  and  may  at  pleafure  be 
made  again  to  appear  and  depart  by  alternately 
warming  and  cooling.  The  paper  Ihould  be  no 
more  heated  than  is  neceffary  to  produce  the 
full  effect.  Any  other  folution  of  cobalt  to 
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which  muriatic  acid,  or  common  fait,  or  muriat 
of  ammonia,  or  muriatic  acid  in  any  form  is 
added,  will  anfwer  as  well.  Hence  the  fym- 
pathetic  ink  is  made  at  once  by  digelling  zaffre 
in  nitro-muriatic  acid  with  a moderate  heat  for 
fome  time,  and  diluting  the  folution  with  juft 
fo  much  water  as  will  make  writing  appear  of 
a full  green  when  hot  and  invifible  when  cold. 
As  the  nitric  or  muriatic  acid  is  apt  to  corrode 
the  paper,  a dill  better  ink  is  made  by  adding  a 
little  common  fait  to  faturated  acetite  of  cobalt, 
and  diluting  fufficiently  with  water. 

The  acetous  acid  only  diflolves  the  oxyd  of 
this  metal.  The  folution  is  of  a claret  red. 
The  ufe  of  repeated  digeftions  in  this  acid  to 
free  cobalt  from  iron  has  already  been  men- 
tioned. 

The  a£tion  of  the  arfenic  acid  on  cobalt  has 
alfo  been  noticed  in  the  analyfis  of  the  cobalt 
ores.  This  folution  is  rofe-red,  and  by  evapo- 
ration leaves  a violet  mafs,  which  again  becomes 
red  by  digellion  with  hot  water.  This  fait  cryf- 
tallizes  without  difficulty. 

Mod  of  the  other  acids  diffblve  the  oxyd  of 
cobalt,  forming  metallic  falts  but  little  known 
and  of  trifling  importance. 

Muriated  ammonia  digeded  with  oxyd  of 
cobalt  alfo  diflolves  a portion  and  forms  a green 
fympathetic  ink. 

A triple  fait  of  oxyd  of  cobalt,  ammonia,  and 
nitric  acid  is  alfo  formed  by  adding  ammonia  to 
nitrated  cobalt.  Slowly  evaporated,  this  forms 
regular  crydals,  partly  cubical,  partly  in  the 
fhape  of  inverted  hollow  pyramids,  according 
to  the  obfervations  of  Thenard.  0 

This  accurate  chemid  has  alfo  given  fome 
obfervations  on  the  different  dates  of  oxidation 
which  cobalt  is  capable  of  affirming.  When 
pure  potafh  is  added  to  a folution  of  cobalt,  the 
precipitated  oxyd  appears  at  fird  blueiffi,  but  in 
the  air  it  becomes  olive.  When  wafhed  with 
oxymuriatic  acid  it  pafles  through  fucceffive 
ihades  of  brown  red,  and  finally  becomes  black. 
This  black  oxyd  therefore  appears  to  be  cobalt 
in  the  highed  date  of  oxygenation,  and  when 
put  into  muriatic  acid  it  diflolves  therein  with 
difengagement  of  oxymuriatic  gas,  and  the  fo- 
lution, if  concentrated,  becomes  green,  but  in 
the  air  it  foon  turns  to  purple,  and  immediately 
rofe  coloured  if  diluted  with  water.  The  brown 
and  olive  coloured  oxyds  alfo  give  oxymuriatic 
gas  when  diflolved  in  common  muriatic  acid, 
but  lefs  copioufly  than  the  black  oxyd.  Alfo  if 
the  black  oxyd  is  heated  of  a cherry  red  for 
half  an  hour  it  becomes  blue,  which  then  dif- 


folves  in  this  acid  without  difengaging  any  gas. 
The  green  colour  of  the  muriatic  folution  ap- 
pears entirely  to  depend  upon  its  concentration, 
for,  when  diluted,  whether  hot  or  cold  it  i3 
rofe-coloured.  It  appears  therefore  that  the 
black  oxyd  is  in  its  highelt  Hate  of  oxygenation, 
and  the  blue  in  the  leaft,  and  that  the  olive  and 
brown  are  in  intermediate  Hates.  With  regard 
to  the  rofe  and  lilac  colours  fo  common  to  the 
folutions  of  cobalt,  it  is  not  certain  that  the  oxyds 
when  dry  ever  retain  thefe  {hades,  except  when 
alloyed  with  arfenic  or  arfenic  acid. 

The  fixed  alkalies  have  fcarcely  any  a£tion 
on  cobalt  or  its  oxyds  in  the  moilt  way,  but 
ammonia  diflolves  the  oxyd  with  eafe,  and  thus 
feparates  it  from  iron  and  fome  other  metals. 
The  particulars  of  this  folution  have  been  men- 
tioned in  the  analyfis.  The  ammoniated  cobalt 
is  decompofed  by  potafh,  but  flowly,  whereas 
the  ammoniated  nickel  which  often  exiits  in 
the  fame  folution  is  precipitated  thereby  in  a 
very  ffiort  time. 

Tincture  of  galls  added  to  the  acid  folutions 
of  cobalt  give  a yellowiffi  white  precipitate  when 
free  from  iron. 

Pruffiat  of  potafh  caufes  a green  precipitate 
when  the  cobalt  is  pure. 

Cobalt  unites  with  great  difficulty  with  ful- 
phur  by  artificial  combination.  Beaume  p pro- 
jected fulphur  on  cobalt  in  fufion,  but  the  metal 
did  not  appear  to  be  fenfibly  altered  by  it,  and 
all  the  fulphur  burnt  off  without  difficulty. 
Monch q found  however  that  cobalt  could  be 
fufficiently  fuiphuretted  to  furnifh  a true  cin- 
nabar when  afterwards  heated  with  the  white 
oxyd  of  mercury. 

All  the  hydrofulphurets  combine  with  this 
metal  without  difficulty,  both  in  the  liquid  and 
the  dry  way.  Hydrofulphuret  of  potafh  added 
to  a folution  of  cobalt  turns  it  black,  and  gives 
a black  precipitate,  which  an  excels  of  the  ful- 
phuret  redifi'olves. 

Beaume,  on  melting  in  a crucible  4 ounces 
of  calcined  cobalt  ore,  as  much  calcined  gyp- 
fum,  6 ounces  of  fait  of  tartar,  and  4 ounces 
of  pitch,  obtained  a ready  fufion  of  the  whole 
mafs  in  the  fulphuret  of  potafh  formed  in  the 
procefs  (the  fulphuric  acid  of  the  gypfum  being 
deoxygenated  by  the  pitch  and  then  uniting  to 
the  alkali),  which  gave  a metallic-looking  mafs 
in  large  brilliant  facets,  beneath  which  was  the 
earth  of  the  gypfum  and  other  fcoria.  This 
metallic  fulphuret  was  of  a golden  yellow  colour 
and  weighed  3 ounces.  It  foon  tarnifhed  in 
the  air  and  deliquefced  entirely.  Its  folution  in 
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water  was  decompofed  by  acids,  which  diffolved 
the  cobalt  leaving  the  lulphur.  The  fulphur 
adheres  fo  ftrongly  to  the  cobalt  by  the  inter- 
mede  of  the  alkali,  that  heat  will  not  feparate 
them.  This  fulphuret  is  much  more  fufible 
than  cobalt  itfelf. 

None  of  the  alloys  of  cobalt  deferve  particular 
notice.  This  metal  does  not  unite,  or  only  in 
very  fmall  proportion,  with  bifmuth,  filver  and 
mercury.  With  gold,  platina,  copper,  tin,  iron, 
nickel,  antimony  and  arfenic  it  unites  eafily  and 
in  various  proportions.  With  lead,  according 
to  Gmelin,  cobalt  may  be  alloyed  when  wrap- 
ped up  in  lheet  lead  and  covered  with  charcoal. 

All  proportions  of  cobalt  not  exceeding  equal 
weights  with  the  lead  make  an  uniform  alloy, 
brittle  and  hard  in  proportion  to  the  quantity  of 
cobalt. 

When  lead  or  bifmuth  are  cupelled  with 
cobalt,  the  latter  is  left  behind  in  the  form  of  a 
black  oxyd. 

The  foie  ufe  of  cobalt  in  the  arts  is  for  the  fine 
blue  which  any  of  its  oxyds  gives  when  mixed 
and  melted  with  any  vitrifiable  matter.  The  ex- 
tent of  the  colouring  power  is  perhaps  more  than 
that  of  any  other  of  the  metallic  oxyds,  for  one 
grain  of  the  pure  oxyd  will  give  a very  full  blue 
to  half  an  ounce,  or  240  grains  of  glafs.  The 
oxyd  melted  per  fe  gives  fo  intenfe  a blue  as  to 
appear  perfectly  black,  except  juft  at  the  thin 
edges  of  the  fharp  fragments  when  broken. 
Manganefe  greatly  impairs  the  clearnefs  of  the 
colour,  giving  a ftrong  admixture  of  muddy 
purple,  but  this  effect  is  corrected  by  adding 
a little  arfeniat  of  l’oda  or  other  arfenical  fait. 
(For  further  particulars  on  this  fubje£l  fee  the 
article  Glasses  coloured.) 

Cobalt  is  alfo  faid  to  be  contained  in  fmall 
quantity  in  fome  of  the  fine  Chinefe  metallic 
alloys,  but  its  ufe  is  very  doubtful,  and  the  dear- 
nefs  of  the  metal  would  prevent  it  from  being 
ufed  to  any  extent  for  fuch  purpofes  in  Europe. 

It  may  be  added  that  in  moll  of  the  experi- 
ments on  the  alloys  and  the  fulphurets  of  this 
metal,  it  has  been  ufed  in  only  its  common  Hate 
of  purity,  that  is  to  fay,  Hill  alloyed  with  arfenic 
and  iron,  and  probably  with  nickel. 

The  affinities  of  cobalt  are  Hated  to  be  in  the 
moill  way  as  follows  : the  gallic,  oxalic,  muri- 
atic, fulphuric,  tartareous,  nitric,  phofphoric, 
fluoric,  fuccinic,  citric,  acetic,  arfenic,  boracic, 
pruffic  and  carbonic  acids,  and  ammonia. 

COCCOLJTE. 1 The  colour  of  this  mineral 
is  grafs-green  palling  to  olive  or  blackilh  green. 
It  occurs  in  maffes  compofed  of  fmall  granular 


dilUn£l  concretions  like  feeds  or  minute  kernels 
(whence  its  name.)  Thefe  concretions  are  fome- 
what  angular,  and  {hew  a tendency  to  cryftal- 
lization.  They  have  a confiderable  vitreous 
lultre.  The  fra£lure  of  the  grains  is  lamellar 
in  two  different  directions,  feemingly  at  right 
angles  to  each  other : the  fraClure  of  the  mafs 
is  granular.  It  is  tranflucid ; fufficiently  hard 
to  fcratch  glafs,  and  brittle.  Sp.gr.  3.37. 

Coccolite  is  very  difficultly  fufible  perfe  before 
the  blowpipe.  According  to  an  analyfis  by 
Vauquelin,  it  con  fills  of 
50  Silex, 

24  Lime, 
io  Magnefia, 

7 Oxyd  of  iron, 

3 Ditto  of  manganefe, 

1.5  Alumine. 

95-5  „ 

4.5  lofs. 


ioe.o 

This  mineral  has  been  lately  difcovered  by 
Abildgaard,  in  veins  at  Arendahl  in  Norway,  at 
Nerika  in  Sweden,  and  in  the  iron  mines  of 
Hellella  and  Affebo  in  Sudermania.  It  has 
fcarcely  yet  acquired  a permanent  ftation  in 
fyftems  of  mineralogy,  and  will  probably  be 
ranked  as  a variety  of  augite. 

COCHINEAL.  Coccus  CaEH  Linn. 

The  fubftance  known  in  commerce  by  the 
name  of  cochineal,  is  in  the  form  of  hemif- 
pherical  fhrivelled  grains,  about  an  eighth  of 
an  inch  long,  of  a deep  reddiffi  purple  colour, 
and  covered  more  or  lefs  with  a white  down  5 
they  are  very  light,  and  eafily  rubbed  to  powder 
between  the  fingers.  The  merchants  diftin— 
guiffi  at  lead  two  kinds,  called  gruna  finci  and 
grana  fylvejlra ; of  thefe  the  latter  is  not  more 
than  half  the  fize  of  the  former,  and  covered 
with  a much  longer  down ; on  which  account  it 
always  bears  a much  lower  price  in  the  market. 

Cochineal  was  firll  introduced  into  Europe 
from  Mexico  about  the  year  1523,  and  was  for 
fome  time  fuppofed  to  be  the  berry  or  feed  of 
a vegetable.  It  was  at  length  however  afcer- 
tained  that  thefe  grains  were  the  females  of  a 
particular  fpecies  of  infedl,  called  by  naturalifts 
Coccus  ca£li,  and  of  the  fame  genus  as  the 
Kermes  ( Coccus  llicis  Linn.) 

The  cochineal  infetl  is  a native  oF  Mexico* 
and  was  in  common  ufe  among  the  inhabitants 
as  a dying-drug  when  the  Spaniards  firll  came 
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into  the  country ; fince  that  period  its  ufe  has 
become  more  and  more  general,  not  only  in 
Europe,  but  in  various  parts  of  Afia,  and  as  al- 
moft  the  whole  of  this  valuable  commodity  is 
{till  raifed  in  Mexico,  Peru,  and  the  adjoining 
Spanifh  fettlements,  it  becomes  every  year  an 
objeCt  of  more  fedulous  cultivation  than  before. 

The  wild  cochineal  (grana  fylveftra)  feeds 
upon  moft  of  the  fpecies  of  caCti  that  are  na- 
tives of  Mexico,  requires  no  particular  care  or 
attendance,  and  may  be  gathered  fix  times  in 
the  year,  there  being  fo  many  generations  of 
this  infeCt  in  a twelvemonth : the  time  of  col- 
letting  the  cochineal  is  juft  before  the  female 
produces  its  young,  as  the  animal  perilhes  im- 
mediately afterwards.  The  cultivated  cochineal 
(grana  fina)  is  fuppofed  to  have  originated  from 
the  wild  kind  : but  this  opinion  appears  very 
doubtful.  If  it  be  granted  that  the  fuperior  fize 
of  the  former,  and  its  want  of  thofe  long  white 
hairs  or  down  which  cover  the  latter  may  be 
the  effect  of  domeftication,  there  ftill  remain 
two  other  diftinttive  charatters  which  appear 
to  be  original ; thefe  are,  its  feeding  only  upon 
one  fpecies  of  cattus,  the  cochenillifer,  or  nopal, 
and  its  producing  only  three  broods  or  gene- 
rations in  the  year.  The  management  of  the 
cochineal  infett  is  fimple,  but  requires  incef- 
fant  attention.  At  the  third  annual  gathering 
of  cochineal  a certain  number  of  females  are 
left  adhering  to  branches  of  the  nopal,  which 
are  then  broken  off  and  kept  carefully  under 
cover  during  the  rainy  feafon ; when  this  is 
over,  the  ftock  of  cochineal  thus  preferved  by 
each  cultivator  is  diftributed  over  the  whole 
plantation  of  nopals,  where  they  foon  multiply 
with  great  rapidity.  In  the  fpace  of  two 
months  the  firlt  crop  is  gathered  by  detaching 
the  infetts  with  a blunt  knife,  after  which  they 
are  put  into  bags  and  dipped  in  hot  water  to 
kill  them,  and  finally  dried  in  the  fun,  by 
which  they  lofe  about  two-thirds  of  their 
weight.  The  proportion  of  colouring  matter 
contained  in  equal  portions  of  the  cultivated 
cochineal,  the  wild  cochineal  of  Mexico  and  an 
inferior  kind  from  St.  Domingo,  is  as  eighteen, 
eleven,  and  eight. a The  average  quantity  of 
fine  cochineal  annually  confumed  in  Europe 
amounts,  according  to  Dr.  Bancroft,  to  600,000 
lbs.  When  thoroughly  dry  it  experiences  no 
change  from  long  keeping  in  clofe  packages : 
Hellot  affirms  that  he  ufed  fome  which  was  1 30 
years  old,  and  found  it  as  good  as  if  it  had 
been  quite  freffi. 

The  colouring  matter  of  cochineal  may  be 
• Berthollet  on  Dying,  II.  p.  169. 


extracted  either  by  water  or  alcohol.  The  al- 
coholic folution  is  of  a deep  crimfon  colour, 
and  on  evaporation  leaves  a tranfparent  refidu- 
um  of  a deep  red,  which  has  the  appearance  of 
a refin.  The  aqueous  folution  or  decottion  of 
cochineal  is  of  a violet  crimfon  colour,  and  this 
if  evaporated  llowly  to  the  confiftence  of  an 
extratt,  and  then  digefted  in  alcohol,  com- 
municates to  this  menftruum  a colour  fimilar 
to  the  preceding  fpirituous  folution,  a refiduum 
of  the  colour  of  wine  lees  being  left  behind. 

The  aqueous  decottion  of  cochineal  if  mixed 
with  a little  fulphuric  acid  affumes  a red  colour, 
inclining  to  yellowiffi,  and  a fmall  quantity  of  a 
fine  red  precipitate  is  thrown  down.  Muriatic 
acid  produces  nearly  the  fame  change  of  colour, 
but  occafions  no  precipitate.  A folution  of 
tartar  changes  the  cochineal  decottion  to  a yel- 
lowilh  red,  and  a fmall  quantity  of  a pale-red 
precipitate  is  llowly  depofited : the  fupernatant 
liquor  is  yellow,  but  on  the  addition  of  a little 
alkali  it  becomes  purple,  the  precipitate  being 
at  the  fame  time  rediffolved.  Alum  brightens 
the  colour  of  the  infufion  and  gives  it  a redder 
hue  ; a crimfon  precipitate  is  depofited,  and  the 
fupernatant  liquor  retains  a fimilar  tinge.  A 
mixture  of  alum  and  tartar  produces  a brighter 
and  more  lively  colour,  inclining  to  yellow : a 
precipitate  is  thrown  down,  but  much  paler 
and  lefs  in  quantity  than  where  alum  alone  is 
ufed.  Nitrio-muriat  of  tin  throws  down  a co- 
pious crimfon  fediment,  not  a particle  of  colour- 
ing matter  remaining  in  the  liquor.  Sulphat 
of  iron  forms  a brownilh-violet  precipitate,  and 
the  fupernatant  liquor  is  of  a dilute  yellowiffi- 
brown.  Sulphat  of  zinc  forms  a deep  violet, 
and  acetite  of  lead  a purple-violet  precipitate, 
the  liquor  in  both  cafes  being  perfettly  colour- 
lefs.  Sulphat  of  copper  changes  the  colour  of 
the  decottion  to  violet,  and  a fmall  fediment  of 
the  fame  colour  very  llowly  fubfides. 

Cochineal  is  ufed  either  as  the  balls  of  that 
fine  pigment  called  carmine  and  lake-red,  or  as 
a dying  drug  to  tinge  wool  and  filk,  either  fear- 
let  or  crimfon,  or  the  finer  kinds  of  violet. 

The  preparation  of  carmine  and  lake-red  is 
fo  valuable  a procefs,  and  one  fo  eafily  kept 
fecret,  and  its  perfection  depends  fo  much  on 
nicety  of  manipulation,  that  none  of  the  pub- 
lifhed  methods  in  all  probability  will  afford  it 
of  the  very  belt  quality.  The  following  is  per- 
haps the  belt  of  thofe  which  have  yet  been 
made  public,  and  if  carefully  purfued  will  yield 
a pigment  greatly  fuperior  to  the  carmine  that 
is  generally  met  with.5 
b Alyon  Cours  de  Chimie,  II.  p.  174. 
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Into  a 14  gallon  boiler  of  well  tinned  copper, 
put  ten  gallons  of  diftilled  or  very  clear  river 
or  rain  water  ( fpring- water  will  not  anfwer  the 
purpofe).  When  the  water  boils  fprinkle  in  by 
degrees  a pound  of  fine  cochineal  previoufly 
ground  in  a clean  ftone  mortar  to  a moderately 
fine  powder : keep  up  a moderate  ebullition  for 
about  half  an  hour,  and  then  add  three  ounces 
and  half  of  cryftallized  carbonat  of  foda : in  a 
minute  or  two  afterwards  draw  the  fire,  and 
then  add  to  the  liquor  an  ounce  and  a half  of 
Roman  alum  very  finely  pulverized  *,  ftir  the 
mafs  with  a clean  (tick  till  the  alum  is  difl'olved, 
then  leave  it  to  fettle  for  25  minutes : draw  off 
the  clear  liquor  with  a glafs  fyphon,  and  fepa- 
rate  the  fediment  from  the  refidue  by  (training 
it  through  a clofe  linen  cloth.  Replace  the  clear 
liquor  in  the  boiler  and  ftir  in  the  whites  of  two 
eggs  previoufly  well  beaten  with  a quart  of 
warm  water  ; then  light  the  fire  again  and  heat 
the  liquor  till  it  begins  to  boil,  at  which  time 
the  albumen  of  the  eggs  will  coagulate  and 
combine  with  the  earth  of  the  alum  and  the 
fineft  part  of  the  colouring  matter : this  fedi- 
ment is  the  carmine,  and  being  feparated  by 
filtration,  and  well  walhed  on  the  filter  with 
diftilled  water,  is  to  be  fpread  very  thin  on  an 
earthen  plate  and  flowly  dried  in  a ftove:  after 
which  it  is  ready  for  ufe.  The  finelt  part  of 
the  colouring  matter  of  the  cochineal  being  thus 
feparated,  the  refidue  may  be  employed  in  the 
preparation  of  red  lake  in  the  following  manner. 
Add  two  pounds  of  pearlalh  to  the  red  liquor 
from  which  the  carmine  was  precipitated,  and 
return  it  into  the  boiler  together  with  the  dregs 
of  the  cochineal,  and  boil  the  whole  gently  for 
about  half  an  hour  ; then  draw  the  fire,  and 
after  the  fediment  has  fubfided  drain  off  all  the 
clear  liquor  into  clean  wooden  or  earthenware 
veflels  (the  latter  however  are  the  belt,  as  the 
alkaline  folution  is  apt  to  diflolve  a little  extrac- 
tive matter  from  the  wood).  Then  pour  upon 
the  fediment  a fecond  alkaline  ley  prepared  by 
diflolving  a pound  of  pearlalh  in  two  gallons 
of  water,  and  boil  this  alfo  upon  the  dregs  for 
half  an  hour,  by  which  procefs  the  whole  of  the 
colouring  matter  will  be  exhaufted.  Separate 
by  filtration  the  liquor  from  the  dregs,  and  re- 
turn both  the  alkaline  folutions  into  the  copper. 
When  this  bath  is  as  hot  as  the  hand  can  bear, 
add  by  degrees  three  pounds  of  finely  pulverized 
Roman  alum,  obferving  not  to  add  a fecond 
portion  till  the  effervefcence  from  the  firft  has 
entirely  fubfided.  When  the  whole  of  the  alum 
has  been  put  in,  raile  the  fire  till  the  liquor  fim- 


mers,  and  continue  it  at  this  temperature  for 
about  five  minutes,  at  which  time  if  a little  is 
taken  out  and  put  into  a wine  glafs,  it  will  be 
found  to  confift  of  a coloured  fediment  diffiifed 
through  a clear  liquor.  After  Handing  quiet 
a while  the  greater  part  of  the  clear  fupernatant 
liquor  may  be  poured  off,  and  the  refidue  being 
placed  on  the  filter,  will  there  depofit  the  co- 
loured lake,  which  after  being  accurately  waflied 
with  clean  rain  water,  may  be  covered  with  a 
cloth  and  allowed  to  remain  for  a few  days  till 
it  is  half  dry : it  is  now  to  be  feparated  fronv 
the  filter,  to  be  made  up  in  fmall  lumps  and' 
placed  in  a ftove  to  dry.  By  this  management' 
a pound  of  good  Mexican  cochineal  will  afford 
one  ounce  and  a half  of  carmine,  and  about  a- 
pound  and  a quarter  of  red  lake. 

If  the  colour  is  required  to  incline  fomewhat 
towards  fcarlet,  this  may  be  effected  by  grind- 
ing along  with  the  cochineal  from  a quarter  to 
half  an  ounce  of  the  beft  annotta. 

For  the  ufe  of  cochineal  in  Dying,  fee  that 
article. 

COELESTINE.  Cele/litt , Warner.  Stvon - 

tiane  Sulphatee,  Hauy. 

The  native  lulphat  of  ftrontian,  called  coelef- 
tine,  from  the  bluifh  tint  which  it  generally 
aflumes,  is  divided  into  three  varieties,  the 
fibrous,  foliated,  and  compatt. 

1 . Fibrous  cceleftine.  Fafriger  celcjliti. 

Its  colour  is  between  indigo-blue  and  bluiflr- 
grey,  pafling  fometimes  into  milk-white,  by- 
keeping  it  becomes  white  or  colourlefs.  It  oc- 
curs in  mafs,  in  plates  and  cryftallized.  Its 
longitudinal  fradture  prefents  a Ihining  luftre, 
its  crofs  fradture  is  gliftening  and  pearly.  Its 
longitudinal  fradfure  is  curved -fibrous,  ap- 
proaching to  foliated ; its  crofs  fradture  is 
fplintery.  It  is  tranflucent ; fomewhat  fofter 
than  fluor;  eafily  frangible  : fp.  gr. ^==3.83. 

According  to  the  analyfis  of  Klaproth 1 it 
contains  58  Strontian 

42  Sulphuric  acid, 

with  a trace  of  iron 

100 

It  occurs  in  ferruginous  marl  in  the  vicinity 
of  Briftol,  and  at  Frankftown  in  Pennfylvania. 

2.  Foliated  Coeleftine.  Blattriger  celejlin. 

Its  colour  is  milk-white,  pafling  into  blue  : it 
occurs  in  mafs,  or  cryftallized. 

1.  In  ftrait  prifms,  with  rhomboidal  bafes 
(which  is  its  primitive  form)  the  angles-  of 
which  are  IC40 — 48'  and  750 — 12'. 

2.  In  cuneiform  o&ahedrons. 


• Ansilyt.  EIT  I,  p.  394, 
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3.  In  fhort  hexahedral  prifms. 

Its  luftre  is  glifhening  or  Alining:  its  fracture 
is  imperfeftly  foliated : it  is  femi-tranfparent, 
rarely  tranfparent.  In  hardnefs  and  frangibility 
it  refembles  the  preceding  variety.  Sp.  gr.z=:3.5. 

It  has  been  analyfed  by  Vauquelin,  and  found 
to  contain  54  Strontian 

4 6 Sulphuric  acid 

100 


It  occurs  in  the  neighbourhood  of  Briftol  in 
joofe  nodules,  and  very  finely  cryftallized  in 
Sicily. 

3.  Compa£l  coeleftine.  Dichte  celejlin. 

Its  colour  is  bluifh  or  yellowifh-grey.  It 
occurs  in  mafs  and  in  flattened  fpheroidal  and 
kidney-fhaped  pieces.  Its  fracture  is  fine- 
fplintery,  pafling  into  foliated.  It  is  opake, 
and  fometimes  tranflucent  on  the  edges.  It  is 
foft  and  eafily  frangible.  Sp.  gr.r=r3-59.  It 
has  been  analyfed  by  Vauquelin,  and  confifts  of 
91.42  Sulphat  of  Strontian 
8.33  Carbonat  of  lime 
0.25  Oxyd  of  iron 


100.00 


It  occurs  imbedded  in  clay  in  the  gypfum 
quarries  of  Mont  Martre,  near  Paris. 

COPIOBATION  is  the  repeated  expofure  of 
one  fubflance  to  the  chemical  a£tion  of  another 
fubftance,  either  by  returning  the  latter  when 
driven  off  by  diflillation,  or  by  fupplying  a frefh 
quantity  after  the  action  of  the  firft  has  been 
exhaufted. 

COLCOTHAR  is  the  red  oxyd  of  iron 
which  remains  after  the  diflillation  of  aqua- 
fortis in  the  large  way,  when  the  fulphat  of 
iron  is  the  fait  ufed  for  the  decompofition  of 
the  nitre.  Colcothar  is  iron  in  its  higheft  flate 
of  oxygenation,  and  when  wafhed,  and  properly 
fifted  and  levigated,  it  is  much  ufed  in  polifhing 
iron  and  other  hard  bodies. 

COLD.  The  opinions  relative  to  the  nature 
of  cold  are  mentioned  under  the  article  Caloric. 
For  the  different  means  of  producing  artificial 
cold,  fee  alfo  Freezing. 

COLOPHONY  is  a hard  black  refin,  artifi- 
cially prepared  from  Turpentine , (which  fee). 

COLOURING  Matter.  For  the  nature  of 
colouring  matter  fee  the  article  Dyeing.  Some 
of  the  moll  important  of  thefe,  fuch  as  cochineal , 
indigo , madder , &c.  have  been  analyzed  by  che- 
mifts,  and  are  feparately  noticed. 


COLUMBIUM  is  the  name  given  by  the 
difcoverer,  Mr.  Hatchett/  to  a fubltance  hither- 
to undefcribed,  and  apparently  metallic,  found 
in  a certain  fpecimen  in  the  Britifh  Mufeum, 
fent  from  fome  part  of  North  America,  pro- 
bably Maffachufets. 

The  fpecimen  is  a dark  brownifh  grey  ore, 
imperfedlly  lamellated  in  its  longitudinal  frac- 
ture, of  a vitreous  luftre,  moderately  hard  and 
brittle,  not  magnetical,  its  fpecific  gravity  is 

5*9l8* 

The  following  analyfis  fhews  it  to  confift  of 
iron  and  a peculiar  unknown  fubftance  in  the 
proportions  of  about  one  of  the  former  to  3 of 
the  latter. 

The  ore  was  fucceflively  boiled  with  muri- 
atic, nitric,  and  fulphuric  acids.  Of  thefe,  the 
fulphuric  adted  the  moft  powerfully,  and  the 
muriatic  the  next,  but  neither  of  them  produced 
a full  folution  of  the  ore  but  appeared  only  to 
a£l  on  a portion  of  the  iron  which  it  contained. 

It  was  therefore  neceflary  to  purfue  the  ad- 
mirable method  of  previoufly  breaking  the 
cohefion  of  its  parts  by  fufion  with  alkali,  fo 
advantageoufly  employed  by  Klaproth  and  other 
modern  analyfts  in  the  examination  of  refrac- 
tory minerals. 

The  ore  was  accordingly  powdered  and 
heated  in  a filver  crucible  with  five  times  its 
weight  of  carbonat  of  potafti.  When  the  alkali 
began  to  melt,  an  effervefcence  took  place, 
owing  to  the  union  of  the  ore  with  the  potafti, 
after  which  the  whole  fubfided  into  a mafs, 
greyifti-brown  when  cold.  Boiling  water  dif- 
folved  a portion,  making  a clear  alkaline  folu- 
tion. The  infoluble  refidue  was  digefted  in 
muriatic  acid,  which  diflolved  another  portion, 
but  ftill  leaving  a refidue.  This  laft  was  again 
fufed  with  carbonat  of  potafh,  and  gave  as 
before  a portion  foluble  in  water,  another  on 
muriatic  acid,  and  a refidue.  This  laft  entirely 
difappeared  by  continuing  the  fame  plan,  and 
thus  the  whole  was  refolved  into  feveral  fimilar 
portions  of  an  alkaline  folution,  and  an  equal 
number  of  muriatic  folutions.  The  alkaline 
folutions  fuperfaturatcd  with  nitric  acid  gave  a 
white  flocculent  precipitate,  not  foluble  in  an 
excefs  of  the  fame  acid.  The  muriatic  folutions 
were  mixed,  faturated  with  ammonia,  and  gave 
an  ochery  precipitate,  the  iron  of  which  was  dif- 
folved  in  nitric  acid,  and  the  remainder  was 
now  white,  and  refembled  the  precipitate  from 
the  alkaline  folutions. 

The  nitrat  of  iron  gave  by  ammonia  42 
grains  of  oxyd  of  tills  metal  (from  200  of  the 
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ore)  and  the  white  flocculent  matter  weighed 
about  155  grains.  This  laft  being  obvioufly  a 
peculiar  fubftance  was  examined  feparately, 
and  was  found  to  have  the  following  properties, 
which  (colleClively  taken)  diftinguifh  it  from 
any  other  known  fubftance,  and  at  prefent  may 
be  confidered  as  pure  colttmbium,  or  rather  as 
the  fuppofed  oxyd  (but  as  yet  irreducible)  of  a 
metal  to  which  the  name  of  columbium  has 
been  given. 

This  fubftance  is  white  and  not  very  heavy. 
It  has  no  tafte,  and  is  fcarcely  foluble  in  water, 
but,  laid  on  litmus-paper,  it  turns  it  red,  and 
hence  it  may  be  inferred  to  be  flightly  acid. 

Under  the  blow-pipe  it  is  not  fufible  per  fe7 
nor  with  borax,  but  readily,  and  with  effervef- 
cence  with  the  carbonats  of  foda  and  potafli. 
Phofphat  of  ammonia,  or  phofphoric  acid  dif- 
folve  it  alfo  in  this  way,  and  produce  a purplifh 
blue  globule. 

Nitric  acid  has  no  aCtion  whatever  upon  it. 

Boiling  fulphuric  acid  is  the  beft  of  the  acid 
menftrua  for  this  fubftance,  and  diflolves  it 
eafily,  but  the  greater  part  of  the  folution  is 
decompofed  by  dilution  with  water,  and  a 
heavy  infoluble  fulphat  of  columbium  fubfides 
as  a white  powder.  It  requires  fome  minutes 
for  this  effeCt  to  take  place. 

Pruftiat  of  potalh,  added  to  the  fulphuric 
folution  produces  immediately  a copious  beauti- 
ful olive  precipitate. 

Tin&ure  of  galls  gives  an  orange-coloured 
precipitate. 

All  the  alkalies  decompofe  the  fulphuric  folu- 
tion, but  when  in  excefs  do  not  rediflolve  the 
precipitate  unlefs  heated. 

Boiling  muriatic  acid  diflolves  the  white  pre- 
cipitate from  the  folution  of  columbium,  in 
potafh,  by  an  acid,  if  taken  wet  and  recently 
feparated. 

A muriat  of  columbium  is  thus  produced 
which  is  not  cry ftalliz able.  A piece  of  zinc 
immerfed  in  this  folution  gives  a white  floccu- 
lent precipitate,  but  nothing  in  a metallic  ftate. 

The  fixed  alkalies  diflolve  columbium  in  the 
moift  way  as  well  as  by  fufion.  The  folution 
in  potafh,  when  evaporated,  gives  a white 
glittering  fcaly  fait  refembling  boracic  acid  in 
appearance,  and  of  an  acrid  alkaline  flavour. 

Columbium  is  inferred  to  be  of  a metallic 
nature,  by  forming  coloured  precipitates  with 
prufliat  of  potafli  and  galls,  by  being  feparable 
from  its  folution  by  zinc,  and  by  colouring 
phofphoric  acid  melted  with  it,  but  the  attempts 
to  reduce  it  to  the  reguline  ftate  by  fufion  with 
charcoal,  have  not  fucceeded. 


From  its  reddening  litmus  it  appears  to  be  in 
the  ftate  of  an  acid. 

COMBUSTION  is  the  rapid  decompofition 
of  any  body  attended  with  the  produftion  of 
Light  and  Caloric.  In  all  the  great  pro- 
cefles  of  combuftion  that  arc  conftantly  going 
on,  the  prefence  of  Oxygen  in  one  form  or 
other  is  eflentially  requifite,  which  appears  to  be 
the  great  agent  of  this  decompofition  j as  the 
products  of  combuftion  confilt  principally  of  the 
combuftible  materials  united  with  the  oxygen 
employed.  As  the  evolution  of  light  and  heat 
are  included  in  the  popular  idea  of  combuftion, 
it  feems  proper  to  retain  thefe  phenomena  in 
the  definition,  and  thereby  to  diftinguilh  it  from 
oxygenation  in  which  they  are  wanting.  It  mull 
be  acknowledged  however  that  the  products  of 
combuftion,  in  many  inftances,  do  not  fenfibly 
differ  from  thofe  of  Ample  oxygenation,  and 
hence  Lavoifier  was  led  to  ufe  the  term  Jloiu 
combujliony  to  exprefs  oxygenation  without  the 
fenfible  evolution  of  light  and  heat.  This  ha* 
led  to  fome  probable  opinions  on  the  nature  of 
oxygen,  which  will  be  mentioned  under  that 
article. 

CONGELATION.  See  Freezing. 

COPAL.  This  Angular  kind  of  refin  is. 
brought  principally  from  South  America,  and 
partly  from  the  Eaft  Indies,  and  is  a natural 
exfudation  from  a large  tree  which  hardens  on 
expofure  to  air.  Copal  is  one  of  the  hardeft  of 
the  refins,  and  eafily  reducible  to  a very  fine 
powder.  It  is  beautifully  tranfparent,  and 
chiefly  of  a light-lemon  colour,  fometimes 
inclining  to  orange,  but  the  colour  of  the  fined 
fort  is  fo  faint  that  when  fpread  thinly  over  any 
furface  as  a varnifh  it  is  not  perceptible,  and 
only  gives  a fine  hard  fmooth  tranfparent 
glazing.  It  is  this  union  of  hardnefs  with 
colourlefs  tranfparency  that  makes  copal  fo 
eminently  valuable  as  a varnilh  for  pictures, 
white-wood  works,  and  a variety  of  other  pur- 
pofes. 

The  common  refins  are  characterized  by 
being  infoluble  in  water,  foluble  in  alcohol, 
eflential  oils,  and  ether,  and  highly  combuftible. 
Copal  agrees  with  the  refins  in  combuftibility 
and  all  external  characters,  but  it  cannot  be 
diflolved  in  the  above  menftrua  without  parti- 
cular pains,  and  requires  them  to  be  in  a ftate 
of  extreme  purity.  In  thefe  qualities  therefore 
it  appears  to  hold  an  intermediate  ftate  between 
the  true  refins  and  amber,  refembling  the  for- 
mer by  being  foluble  in  oily  fubftances  which 
do  not  touch  amber,  and  the  latter  by  greatly 
refilling  the  aCtion  of  alcohol. 
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As  it  is  a procefs  of  fome  nicety  to  produce 
.a  true  folution  of  copal  fit  for  the  purpofe  of  a 
Varnifh  without  impairing  the  colour,  fome  of 
the  diredfions  laid  down  by  practical  ar lifts  may 
here  be  inferted.  The  following  is  given  by 
Mr.  Sheldrake3  as  the  refult  of  long  practical 
obfervation.  Reduce  two  ounces  of  copal  to 
coarfe  powder  (not  fine)  put  it  into  a glafs  veffel 
and  pour  thereon  a mixture  of  one  pint  of  the 
belt  oil  of  turpentine  with  one-eighth  of  fpirit 
of  fal  ammoniac,  previoufly  well  fhaken,  cork 
the  glafs,  leaving  a fmall  hole  through  the  cork, 
to  allow  the  efcape  of  the  fpirituous  vapour, 
.and  fpeedily  heat  it  to  that  point  at  which  the 
bubbles  may  be  counted  as  they  rife  to  the  fur- 
Jace.  Continue  this  heat,  neither  increafmg 
nor  leffening  it,  till  the  folution  is  compleat,  or 
till  no  more  will  dilfolve.  The  mixture  becomes 
fomewhat  milky  at  firft,  then  the  upper  furface 
clears,  whilffc  the  copal  fwells,  foftens,  becomes 
opake,  and  gradually  diffufes  itfelf  through  the 
fpirit,  diffolving  therein.  It  fliould  feem  that 
this  procefs  requires  much  nicety  of  manage- 
ment in  regulating  the  heat,  for  if  ever  this  is 
increafed  the  bits  of  copal  refume  their  tranfpa- 
nency,b  no  longer  coalefce,  and  remain  after- 
wards perfectly  infoluble.  It  is  alfo  of  the 
utmoft  confequence  that  the  oil  of  turpentine 
be  of  the  bell  fort,  and  very  highly  redtified. 
The  veffel  fliould  not  be  opened  till  quite  cold, 
otherwife  the  fudden  efcape  of  the  vapour  will 
carry  out  with  it  a great  part  of  the  folution. 
This  varnifh  is  of  a rich  deep  colour  when 
viewed  in  the  bottle,  but  gives  no  fenfible  colour 
when  laid  on. 

Copal  may  alfo  be  united  with  oil  of  tur- 
pentine very  conveniently  by  the  intermede  of 
other  effential  oils,  particularly  oil  of  fpike,  or 
oil  of  lavender.  The  following  procefs  is  given 
by  M.  Tingry.  c Put  2 ounces  of  effential  oil 
of  lavender  into  a glafs  matrafs  heated  by  a 
lamp,  or  over  a moderate  fire,  add  thereto  when 
very  warm  one  ounce  of  copal  grofsly  pow- 
dered, and  at  different  times  ltirring  it  with  a 
flick  of  white  wood;  when  the  copal  is  diffolved 
add  6 ounces  of  boiling  oil  of  turpentine,  di- 
viding it  into  three  dofes  at  as  many  different 
times,  and  keep  flirring  till  the  whole  is  uni- 
formly mixed.  This  varnifh  will  be  of  a fine 
gold  colour,  very  durable  and  brilliant. 

Ether  is  alfo  a good  folvent  for  copal.  d Re- 
duce half  an  ounce  of  copal  to  fine  powder,  and 
put  it  by  fmall  portions  into  a flafk  containing 
2 ounces  of  cold  fulphuric  ether  of  the  pureft 

* Txanfad,  of  the  Society  of  Arts.  1 Phil.  Jour.  vol.  5 
* 1 iagry.  • Sheldrake, 


kind.  Shake  it  well,  and  in  fome  hours  the  fo- 
lution w ill  be  complete.  Iff  the  liquor  is  not 
perfedlly  clear  add  more  ether- 

The  remarkable  eftedl  of  camphor  in  pro- 
moting the  folution  of  the  refins  has  been  men- 
tioned under  that  article.  With  none  is  this 
property  fhewn  more  flrikingly  than  with  copal. 
When  the  two  are  feparately  powdered  and 
then  mixed,  the  copal  abforbs  the  camphor, 
fwells,  and  foftens  into  one  coherent  mafs  which 
will  remain  for  fix  months  of  the  fame  pafty 
confiflence,  though  kept  in  a warm  dry  room.' 
By  the  intermede  of  camphor,  copal  may  be 
completely  diffolved  in  alcohol.  Diffolve  half  an 
ounce  of  camphor  in  a pint  of  alcohol,  put  it 
into  a glafs  veffel  over  a moderate  fire,  and  add 
four  ounces  of  copal  in  fmall  pieces,  continue 
the  heat  that  the  bubbles  may  be  counted,  till 
the  folution  is  complete.  A part  of  the  copal 
will  feparate  when  the  liquor  is  cold,  but 
enough  will  be  retained  to  give  a fine  colour- 
lefs  varnifh. 

Camphor  alfo  aflifls  the  folution  of  copal  in 
oil  of  turpentine  according  to  the  following  pro- 
cefs, alfo  given  by  Mr.  Sheldrake.  Diffolve  half 
an  ounce  of  camphor  in  a quart  of  oil  of  tur- 
pentine, take  a piece  of  copal  the  fize  of  a wal- 
nut, bruize  it  into  coarfe  powder,  add  it  to  the 
camphorated  oil  of  turpentine,  and  bring  it  to 
boil  as  foon  as  pojfible , then  keep  it  gently  boiling 
for  an  hour,  and  enough  of  the  copal  will  be 
diffolved  to  form  a good  varnifh.  The  veffel 
(glafs  or  tin)  in  which  the  folution  is  made 
fhould  be  clofely  corked,  leaving  only  a very 
fmall  hole  for  the  efcape  of  the  vapour  to  pre- 
vent the  veffel  from  burfting,  an  accident  which 
(from  the  extreme  combuftibility  of  the  ingre- 
dients) might  be  attended  with  very  ferious 
confequences. 

The  above  procefs  fliould  be  followed  pre- 
cifely,  for  if  the  camphor  is  not  added  firft,  or 
if  the  copal  is  in  fine  powder,  thefe  two  fub- 
ftances  at  once  unite,  forming  a mafs  like  bird- 
lime at  the  bottom  of  the  veffel,  and  the  folu- 
tion will  not  go  on. 

Copal  may  alfo  be  diffolved  according  to 
Demmenie,f  by  being  fufpemled  in  a glafs  re- 
ceiver over  alcohol  or  oil  of  turpentine,  and 
applying  heat  to  make  the  liquor  boil.  The 
vapours  arifing  from  it  liquify  the  copal  which 
falls  in  drops  into  the  boiling  lluid,  and  immedi- 
atley  diffolves. 

For  a copal  varnifh  which  is  to  unite  the 
qualities  of  tranfparency  and  durability,  to  a 

. 8vo.  * The  Painter’s  and  Varnilhcr’a  Guide,  1804, 
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certain  degree  of  pliability,  M.  Tingry  gives 
the  following  receipt.  Take  of  powdered  copal 
2 ounces  ; of  oil  of  lavender  6 ounces;  of  cam- 
phor one  drahm  ; and  of  oil  of  turpentine  as 
much  as  is  wanted  to  give  the  requifite  confift- 
ence.  The  camphor  and  oil  of  lavender  are  to 
be  feparately  liquefied,  then  the  copal  difiolved 
therein,  and  laftly  the  oil  of  turpentine  added 
boiling-hot  and  incorporated  by  ftirring.  This 
the  author  confiders  as  fit  for  the  ingenious 
procefs  of  varnifhing  wire  gauze,  in  the  Chinefe 
manner,  for  lanthorns,  to  be  ufed  where  a lighter 
and  lefs  brittle  material  than  glafs  is  wanted. 

In  the  compofition  of  the  drying-oil  varnifhes 
with  amber  or  copal,  it  is  well  known  that  a 
greater  heat  is  required  than  in  the  former  fpirit 
varnilhes,  as  it  mull  be  fuffieient  to  liquify  the 
refill  before  it  will  unite  with  the  oil.  Both 
amber  and  copal  have  the  difadvantage  of  be- 
coming brown  and  coloured  by  a melting  heat, 
applied  in  the  common  way,  and  hence  it  is  a 
great  objeft  to  find  fome  method  of  melting 
thefe  refins  without  impairing  that  tranfparency 
for  which  they  are  fo  much  valued. 

M.  Tingry  finds  this  objeft  to  be  confider- 
ably  attained  by  inclofing  the  copal  in  a wire- 
net  hanging  in  the  centre  of  a fmall  furnace  of 
peculiar  conftruftion,  and  with  a very  moderate 
and  well  regulated  fire,  whence  the  copal,  as 
foon  as  liquefied,  falls  down  through  a conduct- 
ing tube,  and  may  be  thus  dropped  in  a liquid 
ftate  into  hot  drying  oil  fet  below  to  receive  it. 
They  immediately  unite,  and  when  afterwards 
tempered  with  fuffieient  hot  oil  of  turpentine,  a 
fine  drying  oil  varnifh  is  formed,  which  has  but 
little  colour  and  retains  its  tranfparency. 

If  the  melted  copal  is  received  into  water  a 
fmall  quantity  of  oil  is  feparated,  -which  is  found 
floating  at  the  top,  and  the  copal  appears  to  be 
rendered  thereby  fomewhat  more  foluble  in  dif- 
ferent menftrua. 

As  copal  is  expenfive  it  is  fometimes  adulte- 
rated with  gum  anime  when  very  tranfparent. 
The  latter  is  diftinguifhed  by  being  mere  friable, 
and  for  giving  a fweet  odour  when  rubbed. 
Copal  will  unite  with  other  refins  in  compound 
varnifhes,  and  many  of  the  liquors  commonly 
fold  for  copal  varnifh,  contain  only  a fmall  por- 
tion of  copal,  the  other  refinous  bafis  being 
compofed  of  maftich,  fandrach,  and  others  of 
the  moft  colourlefs  refins-. 

COPPER.  Cuprum,  Lat.  Kt/pfer , Germ. 
Cuivre,  Fr. 

Copper  is  a malleable  and  ductile  metal  of  a 
pale-red  colour  with  a tinge  of  yellow.  It  is 

•Kirwan,  Hauy,  Brochant.  Jamefon. 


foluble  with  effervefcence  in  nitrous  acid,  to 
which  it  gives  a fky-blue  colour : on  the  ad- 
dition of  liquid  ammonia  a green  precipitate  is 
thrown  down,  which  is  re- foluble  in  an  excefs 
of  ammonia,  forming  a very  rich  purplifh-blue 
flu'd,  and  from  this,  if  flightly  fuperfaturated 
with  muriatic  acid,  the  copper  is  again  precipi- 
table  in  its  metallic  form  by  a bar  of  clean  iron. 

The  ores  of  this  metal  are  very  numerous,* 
and  may  with  mofl  convenience  be  arranged 
under  the  eight  following  families. 

I.  Family.  Native  Copper. 

Sp.  I.  Native  Copper.  Gediegen  Kupfer. 
Cuivre  natif 

Its  colour  is  a clear  copper-red,  often  tar- 
niflied  externally  yellowifh,  blackifh  or  greenifh. 
It  occurs  in  mafs,  difleminated,  in  leaves,  in 
rolled  pieces,  in  grains,  capillary,  filiform,  mofs- 
like,  dendritical  and  cryflallized. 

1.  In  cubes,  either  entire  or  truncated  at  the 
edges  and  angles. 

2.  In  o&ahedrons,. either  regular  or  combined 
with  the  cube. 

3.  In  pyramidal  dodecahedrons  formed  of 
two  fix-fided  pyramids,  with  a fhort  fix-fided 
prifm  interpofed. 

The  cryftals  are  fmall  or  very  fmall,  feldom 
fingle  and  mofl  commonly  implanted  in  each 
other,  forming  dendritical  or  cluftei'ed  mafles. 
Its  external  luftre  is  cafual,  its  internal  is  glis- 
tening and  metallic-  Its  fraCture  is  hackly : 
when  cut  or  rubbed  it  has  a fliining  metallic 
luftre.  It  is  not  very  hard,  is  malleable  and 
flexible  without  being  elaftic,  and  difficultly 
frangible-  Sp.  gr.  of  the  Hungarian  7.72,  of 
the  Siberian  8.58. 

It  is  fufible  before  the  blowpipe,  and  appears 
to  be  pure  copper- 

It  occurs  in  veins  and  beds  in  quartz  and 
granite,  in  flate,  porphyry,  ferpentine,  hornftone 
and  limeftone,  accompanied  by  various  other 
ores  of  copper,  particularly  the  red  oxyd,  mala- 
chite and  copper  pyrites,  with  galena,  horn- 
filver,  native  filver,  calcareous  fpar,  heavy-fpar 
and  fluor. 

It  is  very  generally,  though  not  often  very 
abundantly  dilfufed.  The  fineft  fpecimens  come 
from  the  Tourinfki  mines  on  the  eaftern  fide  of 
the  Uralian  mountains,  from  Herrngrund  in 
Hungary,  from  Saxony,  the  Hartz,  Fahlun  in 
Sweden,  and  Cornwall.  It  is  faid  to  be  remark- 
ably abundant  in  Japan  and  Brazil,  and  to  con- 
tain a confideruble  proportion  of  gold.  It  is 
alfo  procured  in  quantity  from  die. Copper-mine 
river  within  the  Arftic  circle  in  America. 

Emmerlir.g,  Bournon  in  Phil.  Tianf. 
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II.  Family.  Oxyd  of  Copper. 

Sp.  II.  Ruby  Copper.  Florid  red  Copper  ore , 
Kirw.  Roth  Kupfererz , Werner.  Cuivre  oxyde 
rouge , Ilauy. 

Of  this  fpecies  there  are  the  following  va- 
rieties. 

Var.  I.  Lamellar  R.  C.  Blattriges  R.  K. 
Werner. 

Its  colour  is  dark  cochineal-red,  inclining 
fometirnes  to  lead-grey ; when  cryllallized  it  is 
often  of  a full  carmine-red.  It  occurs  in  mafs, 
difleminated  and  cryftallized. 

1.  In  cubes. 

2.  In  aluminiform  odtahedrons,  either  per- 
fect or  truncated  on  the  angles  or  on  the  edges 
and  angles. 

The  cryftals  are  fmall  and  very  fmall,  and 
are  often  aggregated  together  by  their  lides ; 
their  furfaces  are  fmooth  and  fhining.  The 
internal  luftre  of  this  mineral  is  more  or  lefs 
fhining,  and  is  intermediate  between  metallic 
and  that  of  the  diamond.  Its  fracture  is  im- 
perfectly foliated  palling  into  granular  uneven. 
It  occurs  fometirnes  in  granular  diltinCt  con- 
cretions pafling  into  the  compact  variety.  When 
in  mafs  it  is  ul'ually  opake  or  at  molt  tranflncent 
on  the  edges  ; the  cryftals  are  tranfparent,  verg- 
ing into  tranilucent.  It  gives  a brownilh  brick- 
red  ftreak,  is  moderately  hard,  brittle  and  eafily 
frangible.  Sp.  gr.  3.95. 

By  expofure  to  the  blowpipe  on  charcoal  it 
is  eafily  reducible  to  a metallic  bead  without 
emitting  either  odour  or  fmoak.  It  dilTolves  in 
the  nitrous  and  muriatic  acids,  in  the  former 
with  and  in  the  latter  without  efFervefcence. 
According  to  the  analyfis  of  Mr.  Chenevix,  it 
confifts  of  88.5  copper, 

1 1.5  oxygen. 
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It  is  met  with  chiefly  in  veins,  and  appears 
to  be  peculiar  to  primitive  mountains  : the  fub- 
flances  with  which  it  is  accompanied  are  native 
copper,  malachite,  and  brown  iron  ochre;  fome- 
times  mountain  green,  copper  pyrites  and  other 
ores  of  this  metal,  alfo  quartz,  calcareous  and 
heavy  fpars. 

It  is  found  in  Cornwall,  in  Hungary,  Saxony, 
the  Hartz,  Siberia,  Peru  and  Chili. 

Var.  2.  Capillary  R.  C.  Haarformiges  R.  K. 
Werner. 

This  variety  differs  from  the  preceding  in 
being  of  a fomewhat  lighter  colour,  fuperior 
lultre,  and  being  compofed  of  fmall  capillary 
cryftals  and  thin  flakes. 


Var.  3.  Compa&R.C.  Dichtes  R.K.  Wer. 

It  occurs  in  mafs  and  difleminated  but  never 
cryftallized : its  internal  luftfe  is  glimmering, 
femi-metallic.  Its  fradfure  is  even,  and  it  is 
opake.  In  other  refpedts  it  agrees  with  Var.  1. 

Sp.  III.  Tile-red  Copper.  Brick-red  Copper , 
Kirw.  Ziegelerz,  Werner. 

This  fpecies  is  found  in  two  ftates,  indurated 
and  earthy. 

Var.  x.  Indurated  T.  C.  Fe/les  Z.  Werner. 
Its  colour  is  intermediate  between  hyacinth 
and  brownifh-red,  and  pafl'es  on  the  one  hand 
into  lead  and  dark  fteel-grey,  and  on  the  other 
into  blackifh  or  reddifh  brown.  It  occurs  maf- 
five  and  difleminated.  The  reddifh  kind  has  a 
glimmering  luftre  and  flat  conchoidal  fradlure, 
the  browner  kind  has  a fomewhat  refinous  luftre 
and  fmall  conchoidal  fradlure.  It  acquires  a 
luftre  by  fridlion,  is  moderately  hard  and  brittle. 

When  expofed  to  the  blowpipe  it  becomes 
black  and  is  infufible  without  addition.  Borax 
is  tinged  by  it  of  a diity  green.  It  appears  to 
be  an  intimate  mixture  of  compadt  ruby  copper 
with  brown  iron  ochre,  and  its  produce  of  copper 
varies  from  ten  to  fifty  per  cent. 

It  occurs  in  veins  with  ruby  copper,  mala- 
chite, copper  pyrites  and  iron  ochre.  It  pafl'es 
into  brown  iron  ftone. 

Var.  2.  Earthy  T.  C.  Erdiges  Z.  Werner. 
Its  colour  is  hyacinth-red,  pafling  into  reddifh 
or  yellowifh-brown.  Its  texture  is  between 
friable  and  folid.  It  occurs  in  mafs,  diflemi- 
nated, and  incrufting  copper  pyrites.  It  is  with- 
out luftre,  has  an  earthy  fradlure  and  flightly 
foils  the  fingers.  In  its  other  charadters  it  agrees 
with  the  preceding  variety. 

III.  Family.  Sulphuret  of  Copper. 

Sp.  IV.  Vitreous  Copper.  Kupferg/as,~Wer. 
Cuivre  vitreux , Broch.  Cuivre  fulfure , Hauy. 

Its  colour  is  dark  lead-grey  pafling  into  blackifh 
grey,  it  often  prefents  a fuperficial  fteel-coloured 
tarnifh.  It  occurs  in  mafs,  difleminated,  or  cryf- 
tallized. 

1 . In  cubes. 

2.  In  odfahedrons. 

3.  In  hexahedral  prifms,  either  regular  or 
terminated  by  trihedral  fummits  placed  on  three 
of  the  lateral  fides. 

The  cryftals  are  fmall  and  very  fmall.  Ex- 
ternally they  are  fhining;  internally  they  exhibit 
a gliftening  metallic  luftre.  The  fradlure  is 
fine  grained  uneven,  pafling  into  conchoidal 
and  thence  into  even.  It  gives  a fhining  ftreak, 
is  blackifh  when  pulverized  ; commonly  breaks 
fhort  under  the  knife,  and  is  eafily  frangible. 
Sp.  gr.  4.1  to  5.4, 
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It  effervefces  with  nitrous  acid,  and  when 
expofed  to  the  blowpipe  it  gives  a metallic  but- 
ton generally  of  a fteel  grey  colour  and  attract- 
able by  the  magnet. 

When  pure  it  appears  to  be  a fimple  fulphu- 
ret  of  copper,  aild  is  found  occafionally  in  this 
(late  in  Cornwall,  when  it  confifts,  according  to 
Chenevix,  of  8 1 Copper, 

19  Sulphur. 
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It  is  generally  however  mixed  with  iron  in 
the  proportion  of  from  3 to  6 per  cent.  Klaproth 
analyfed  a fpecimen  from  Siberia,  which  con- 
tained 78.5  Copper, 

18.5  Sulphur, 

2.25  Iron, 

0.75  Silex. 
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It  occurs  in  veins  and  beds  in  primitive  and 
floetz  mountains,  accompanied  by  copper  pyrites 
and  other  ores  of  this  metal.  It  is  not  very 
abundant,  but  is  found  in  various  places,  efpe- 
cially  Cornwall,  Hungary,  Saxony,  Norway  and 
Siberia. 

Sp.  V.  Purple  Copper.  jBuntkupfererz)'Wer. 
Cuivre  pyriteux  hepatique , Hauy. 

Its  colour  is  intermediate  between  copper-red 
and  tombac-brown ; on  expofure  to  the  air  it 
becomes  firft  reddilh,  then  violet  azure  and 
fky-blue,  and  laftly  green ; its  general  tinge 
however  is  blue,  and  the  green  only  occurs  in 
fpots.  It  is  found  in  mafs  or  diffeminated,  or 
fuperficial,  or,  according  to  fome  writers,  cryf- 
tallized  in  oCtohedrons.  Internally  it  is  fhining, 
with  a metallic  lultre.  Its  fraCture  is  fmall  and 
imperfeCt  conchoidal,  palling  into  fine-grained 
uneven.  It  takes  a polifh  by  friCtionj  and  when 
pulverized  is  of  a reddilh  colour.  It  is  fo  foft 
as  in  fome  degree  to  yield  to  the  nail ; and  is 
eafily  frangible.  Sp.  gr.  about  5. 

It  effervefces  with  nitrous  acid,  though  by  no 
means  fo  Itrongly  as  the  preceding  fpecies,  and 
melts  readily  before  the  blowpipe  without  vapour 
or  fmell. 

It  is  looked  upon  by  Bournon  as  a proper 
double  fulphuret  of  copper  and  iron.  From  the 
analyfis  by  Chenevix  of  feveral  Cornilh  fpeci- 
mens  of  a nickel-red  colour,  it  appears  to  confilt 
of  60  to  65  Copper, 

15  — 18  Iron, 

17  — 25  Sulphur. 

Klaproth  has  analyfed  two  fpecimens,  one 


from  Hitterdahl  in  Norway,  and  the  other  from 
Rudelltadt  in  Silefia,  with  the  following  refult. 

69.5  — 58  Copper, 

19  — 19  Sulphur, 

7.5  — 18  Iron,  / 

4—5  Oxygen. 


100.0  100 


It  is  to  be  obferved  however  that  the  oxygen 
in  thefe  analyfes  was  only  inferred  from  the 
deficiency  of  the  three  firft  ingredients  when 
compared  with  the  whole  quantity  previous  to 
analyfis. 

This  ore  occurs  in  beds,  veins,  and  diffemi- 
nated  in  rocks  of  different  formations  : it  appears 
however  to  be  molt  frequent  in  primitive  beds. 
It  is  ufually  accompanied  by  vitreous  copper 
and  copper-pyrites,  and  not  unfrequently  by 
garnet.  It  is  found  in  Cornwall,  and  in  moll 
of  the  copper-mines  on  the  Continent. 

Sp.  VI.  Grey  Copper.  Fablerz,  Werner. 
Cuivre  gris,  Hauy. 

Its  ulual  colour  is  fteel-grey  of  more  or  lefs 
intenfity,  which  often  palfes  into  iron-black  and 
lead-grey;  fome  varieties  incline  towards  yellow, 
and  others  again  prefent  fuperficial  iridefeent 
colours.  It  occurs  in  mafs  or  dilfeminated,  or 
inverting,  and  is  then  often  fpecular,  or  cryf- 
tallized  in  regular  tetrahedrons  and  their  modi- 
fications. The  cryftals  are  fmall  and  rarely 
middle-fized,  with  lhining  furfaces.  Internally 
it  is  gliftening  or  fliining,  with  a metallic  luftre. 
The  fra£ture  is  coarfe  and  fmall  grained  uneven, 
inclining  to  imperfett-conchoidal.  It  gives  a 
black  powder  parting  into  reddilh-brown . It  is 
moderately  hard,  brittle  and  eafily  frangible. 
Sp.  gr.  when  pure  4.46  to  4.56,  that  of  the 
more  compound  varieties  rifes  to  4.86. 

It  is  confidered  by  Bournon  as  a proper  double 
fulphuret  of  copper  and  iron,  and  differs  from 
the  preceding  fpecies  in  colour,  cryftalline  form, 
fpecific  gravity,  and  proportion  of  component 
parts.  Some  brilliant  cryftals  of  this  fpecies,  in 
the  form  of  tetrahedrons  with  doubly  bevilled 
edges  and  the  folid  angles  truncated,  from  Corn- 
wall, were  analyfed  by  Chenevix,  and  found  to 
confift  of  52  Copper, 

33  Iron> 

14  Sulphur, 

99 

A fimilar  refult  was  alfo  obtained  from  the 
analyfis  of  fome  fpecimens  of  the  fame  in  mafs. 
But  though  copper,  iron  and  fulphur  appear  to 
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be  the  only  neceflary  ingredients  of  this  ore, 
yet  it  is  moft  frequently  found  to  contain  alfo 
antimony,  filver  and  lead,  though  in  extremely 
variable  proportions.  Some  varieties  from  Tran- 
filvania,  Alface,  the  Hartz,  Saxony,  Heflia  and 
Dauphine,  examined  by  Mr.  Chenevix,  were 
found  to  contain,  befides  the  fubftances  above 
mentioned,  a portion  of  antimony  varying  from 
5 to  38  per  cent,  but  neither  lead  nor  filver. 
Two  of  th»  more  complicated  fpecimens,  one 
from  Cremnitz  and  the  other  from  Andreafberg, 
have  been  analyfed  by  Klaproth  with  the  fol- 
lowing refults : 


Copper 

31-36  — 

16. 

Iron 

3-3°  — 

n- 

Sulphur 

1 1.5  — 

10. 

Antimony 

34.09  — 

1 6. 

Silver 

14.77  — 

2.25 

Lead 

0 — 

34- 

Silex 

0 — 

2-5 

95.02 

93-75 

— 

r 1 — -jxa 

, a fpecimen 

from  Piedmont  has  been 

examined  by  Napione,  and  found  to  conflft  of 


Copper 
Iron 
Sulphur 
Antimony 
Silver 
Arfenic 
Alumine 


29.3 
1 2. 1 
12.7 

36-9 

0.7 

4- 
1. 1 


96.8 

It  occurs  in  veins  in  (late  and  fome  other  of 
the  neweft  primitive  rocks,  and  in  beds  in  the 
tranGtion  and  floetz-rocks.  It  is  accompanied 
by  copper-pyrites,  galena,  manganefe,  fpathofe 
iron,  quartz,  heavy  fpar  and  fluor,  alfo,  though 
rarely,  with  malachite  and  azure  copper.  When 
it  contains  a notable  proportion  of  Giver,  it  is 
worked  as  an  ore  of  that  metal,  and  will  accord- 
ingly be  mentioned  again  under  Giver. 

It  is  found  in  Cornwall  and  Ayrfhire,  and  in 
many  parts  of  the  Continent. 

Sp.  VII.  Copper  Pyrites.  Yellow  Copper  ore , 
Kirw.  Kupferkies,  Werner.  Pyrite  cuivreufe , 
Hauy  and  Brochant. 

Its  colour  is  a deep  brafs-yellow  verging  into 
gold-yellow  : its  furface  is  often  iridefcently  tar- 
nifhed.  It  occurs  in  mafs,  difleminated,  fuper- 
ficial,  in  particular  fhapes  fuch  as  ftaladfitical, 
cluftered,  dendritical  and  reniform  : alfo  cryf- 
tallized  in  tetrahedrons  and  the  derivative  o6ta- 
hedron  and  dodecahedron.  The  cryftals  are 


fmall  and  very  fmall,  and  generally  difficult  to 
afcertain.  The  furface  of  the  cryftals  is  fmooth 
and  fhining,  the  other  varieties  are  rough  and 
glimmering,  The  fracture  is  commonly  uneven 
with  coarfe  or  Gne  grains  •,  the  coarfe-grained 
pafles  into  imperfeft  and  fmall  conchoidal,  and 
thence  into  imperfe£lly  foliated;  the  ftne-grained 
pafles  into  uneven,  even,  and  flat-conchoidal ; 
the  colour  of  the  foliated  is  gold-yellow,  and  it 
has  alfo  the  ftrongefl  luftre.  It  is  brittle,  and 
with  difficulty  gives  a few  feeble  fparks  with 
the  fteel : it  is  eaftly  frangible.  Sp.  gr.  4.  to  4.1. 

When  expofed  to  the  blowpipe  on  charcoal 
it  decrepitates,  emits  a fulphureous  vapour,  and 
melts  into  a black  globule,  which  by  continuing 
the  heat  acquires  the  colour  and  luftre  of  me- 
tallic copper. 

It  does  not  appear  that  the  cryftallized  va- 
rieties of  this  ore  have  as  yet  been  fubje£ted  to 
analyfis,  and  the  proportion  of  its  conftituent 
parts  cannot  be  eftimated  from  the  other  va- 
rieties on  account  of  the  iron  pyrites  which  is 
always  blended  with  them  in  greater  or  lefs 
quantity.  A fpecimen  examined  by  Lampadius 
afforded  41.  Copper, 

1 7.1  Iron, 

45.1  Sulphur. 


IQ3-2 

In  this  analyGs  the  copper  and  iron  were  re- 
duced to  the  metallic  ftate,  fo  that  the  fulphur 
(probably  for  want  of  fufficient  drying)  is  efti- 
mated too  high.  In  general  however  the  pro- 
duce of  copper  from  this  ore  does  not  exceed 
more  than  about  20  per  cent,  and  in  favourable 
Gtuations  it  is  reckoned  worth  working  when  it 
does  not  yield  more  than  5 or  6 per  cent.  A 
good  deal  of  confuGon  is  obfervable  among 
mineralogical  writers  in  treating  of  copper 
pyrites,  fome  conGdering  it  as  a peculiar  fpecies, 
while  others  reckon  it  only  as  a variety  of  iron 
pyrites  holding  a variable  proportion  of  copper  ; 
and  this  confuGon  has  been  ft  ill  further  increafed 
by  a flayers  and  metallurgifts,  who  rank  as  yel- 
low copper  ore  every  fpecimen  of  a yellow 
colour  and  metallic  luftre,  from  which  a notable 
proportion  of  copper  can  be  extradfed.  It  is 
however  neceflary  to  diftinguilh  between  copper 
pyrites,  which  appears  to  be  a proper  double 
fulphuret  of  copper  and  iron,  and  of  which  in 
the  cryftallized  varieties  the  proportions  of  the 
three  ingredients  are  probably  permanent ; and 
iron  pyrites  holding  an  accidental  and  variable 
proportion  of  copper.  Of  the  former  the  pri- 
mitive Ggurc  is  a regular  tetrahedron,  its  colour 
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is  a golden  yellow,  it  has  a brilliant  luftre  and 
an  uneven  granular,  or  fmall  conchoidal  frac- 
ture ; it  is  eafily  fcratched  by  iron  pyrites,  and 
its  fpecific  gravity  does  not  exceed  4.1.  Cupreous 
iron  pyrites  on  the  contrary  cryftallizes  in  cubes 
and  their  modifications,  has  little  luftre,  is  of  a 
brafs-yellow  colour,  an  uneven  fradture,  gives 
plentiful  fparks  with  fteel,  and  its  fpecific  gravity 
is  about  5.  . The  o&ahedral  figure  is  common 
to  both,  as  being  a modification  of  the  tetra- 
hedron and  cube,  but  the  other  diftin&ive  cha- 
racters are  permanent.  Of  the  maflive  amor- 
phous varieties,  from  which  the  greater  part  of 
the  manufactured  copper  is  procured,  it  is  pro- 
bable that  the  poorer  kinds,  as  molt  of  the 
Welch,  are  chiefly  cupreous  iron  pyrites,  while 
the  richer  ones  of  Cornwall  are  copper  pyrites, 
mixed  more  or  lefs  with  mifpickel. 

Copper  pyrites  is  the  molt  abundant  and 
generally  diffufed  of  all  the  ores  of  copper.  It 
occurs  in  veins  and  beds  in  primitive,  tranfition, 
and  fecondary  rocks.  In  Britain  it  is  found 
principally  in  the  counties  of  Cornwall,  Derby, 
Anglefey,  and  Caernarvon,  or  in  Mainland,  one 
of  the  Shetland  iflands. 

Sp.  VIII.  Black  Copper.  Kupferfchwarze , 
Werner.  Cuivre  tioir , Brochant. 

Its  colour  is  intermediate  between  bluifh  and 
brownifh  black.  It  occurs  in  mafs  or  diflemi- 
nated  or  inverting.  It  is  compofed  of  dull 
moderately  cohering  earthy  particles.  It  is  fri- 
able, flightly  foils  the  fingers,  is  meagre  to  the 
feel,  and  heavy. 

Before  the  blowpipe  it  emits  a fulphureous 
odour,  and  melts  into  a flag  that  colours  borax 
green. 

It  ufually  occurs  with  copper-pyrites,  mala- 
chite, mountain-green  and  vitreous  copper.  It 
is  found  in  Saxony,  Hungary,  Silefia,  Norway, 
and  Siberia ; and  at  Orme’s  Head  in  Caernar- 
vonfliire  in  limeftone,  accompanied  by  copper- 
pyrites,  malachite,  calcareous  fpar  and  pearl-fpar. 

IV.  Family.  Arsenicated  Copper. 

Sp.  IX.  White  Copper.  Weifs  Kupfererz , 
Werner.  Mine  de  Cuivre  blanche , Brochant. 

Its  colour  is  intermediate  between  filver-white 
and  br-afs-yellow.  It  occurs  in  mafs  or  diflemi- 
nated.  Internally  it  has  a flight  metallic  luftre. 
Its  fra£lure  is  fmall  and  fine-grained  uneven. 
It  yields  eafily  to  the  knife,  is  brittle  and  readily 
frangible.  Sp.  gr.  4.5. 

Before  the  blowpipe  it  yields  a white  fmoak 
with  an  arfenical  odour,  and  melts  into  a greyifh 
black  flag.  According  to  Henkel  it  yields  40 
per  cent,  of  copper,  the  remainder  being  iron, 
arfenic  and  fulphur. 
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It  occurs  in  veins  and  beds  in  primitive  moun- 
tains, and  is  generally  accompanied  by  copper 
pyrites  and  vitreous  copper.  It  is  found  in  the 
copper  mines  of  Cornwall,  Saxony,  Heffia, 
Silefia,  Hungary,  Siberia,  and  Chili  in  South 
America. 

By  its  colour  and  arfenical  odour  when  heated, 
it  is  diftinguifhed  from  the  fulphurets  of  copper; 
and  from  arfenical  pyrites  by  its  inferior  fpecific 
gravity. 

V.  Family.  Carbonated  Copper. 

Sp.  X.  Azure  Copper  or  Mountain-blue. 
Kupferlazur , Werner.  Azur  de  Cuivre , Broch. 
Cuivre  carbonate  bleu>  Hauy. 

Of  this  there  are  the  two  following  varieties. 

Var.  1.  Radiated  A.  C.  Fejle  K.  Werner. 
A.  de  C.  rayonne,  Brochant. 

Its  principal  colour  is  azure-blue,  which  partes 
into  Pruflian-blue,  indigo  blue,  and  rarely  to 
fmalt-blue.  It  occurs  fometimes  in  mafs,  dif- 
feminated  or  inverting,  more  frequently  botry- 
oidal,  ftaladtitic  and  cellular,  but  moft  frequently 
cryftallized.  Its  primitive  form  is  that  of  an 
odtohedron  with  fcalene  triangular  faces ; but 
its  ufual  figures  are,  an  oblique  rhomboidai 
prifm,  either  fimple  or  terminated  by  two  oppo- 
fite  triangular  facets  and  dihedral  fummits,  and 
an  odtohedral  prifm  with  dihedral  fummits. 
The  cryftals  are  generally  fmall  and  very  fmall, 
aggregated  into  globular  or  cluftered  mafles  or 
bundles.  The  broad  faces  of  the  prifms  are 
ftriated  in  the  direction  of  their  breadth,  the 
narrow  faces  on  the  contrary  are  ftriated  length- 
wife,  and  all  the  other  furfaces  are  fmooth. 
The  cryftallized  varieties  are  externally  fhining, 
but  the  reft  are  dull.  Internally  it  is  fhining 
or  gliftening  with  a luftre  between  vitreous  and 
refinous.  Its  fracture  is  ftrait  or  divergingly 
radiated,  rarely  lamellar.  The  cryftals  are  trans- 
lucent and  femitranfparent,  the  other  varieties 
are  opake  or  at  moft  tranflucent  on  the  edges. 
When  pulverized  it  is  of  a fky-blue  colour.  It 
is  foft,  brittle  and  eafily  frangible.  Sp.  gr.  3.2 
to  3.4. 

It  is  very  difficult  of  fufion  before  the  blow- 
pipe per  fe,  but  with  borax  it  gives  a bright- 
green  glafs  and  a metallic  globule. 

According  to  Pelletier  it  confifts  of 
66  to  70  Copper, 

18  — 20  Carbonic  acid, 

8 — 10  Oxygen, 

2 — — Water. 

Var.  2.  Earthy  A.  C.  Erdige  K.  Werner. 
A.  de  C.  terreux,  Brochant. 

Its  colour  is  fmalt-blue.  It  occurs  rarely  in 
mafs,  generally  difleminated  or  Superficial.  It 
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is  compofed  of  fine,  pulverulent,  cohering,  dull 
particles.  Its  fradlure  is  fine  grained  earthy, 
pading  occafionally  into  even  and  imperfectly 
conchoidal.  It  is  opake,  fiightly  ftains  the 
fingers,  and  is  eafily  frangible. 

Before  the  blowpipe  it  becomes  black  but 
does  not  melt.  In  borax  it  difiolves  with  ve- 
hement ebullition  forming  a green  glafs. 

Azure  copper  occurs  in  the  newer  primitive 
rocks,  but  more  commonly  in  floetz  mountains. 
It  accompanies  other  ores  of  copper,  efpecially 
malachite,  grey  copper  and  copper  pyrites.  The 
moll  beautiful  fpecimcns  come  from  the  Bannat 
in  Hungary  and  Siberia.  In  the  Tyrol  it  is 
found  in  fufficient  plenty  to  be  manufactured 
into  the  pigment  called  mountain-blue. 

Sp.  XI.  Malachite.  Malachit , Werner.  Ma- 
lachite, Brochant.  Cuivre  carbonate  vert , Hauy. 

Of  this  mineral  there  are  the  three  following 
varieties. 

Var.  i.  Fibrous  M.  Fafriger  M.  Werner. 

Its  common  colour  is  grafs-green  palling  into 
emerald-green  and  fometimes  into  dark  leek- 
green.  It  feldom  occurs  maffive  or  difleminated, 
but  generally  inverting,  and  often  cryftallized 
in  fhort  capillary  needles,  difpofed  commonly 
in  divergent  bundles  or  ftars.  Externally  they 
are  Ihining,  but  internally  only  gliftening  with 
a filky  luftre.  Its  fraCture  is  delicate  diverging 
fibrous  parting  into  coarfe  fibrous.  It  is  opake 
or  tranflucent  on  the  edges,  the  cryftals  are  for 
the  mod  part  tranflucent.  When  pulverized  it 
retains  its  colour,  only  the  tint  is  fomewhat 
lighter.  It  is  very  foft,  brittle  and  eafily  frang- 
ible. Sp.  gr.  3.5. 

It  effervefces  with  acids,  and  forms  a blue 
colour  with  ammonia.  Before  the  blowpipe  it 
blackens  and  decrepitates,  but  is  infufible  per  fe. 
With  borax  it  melts  into  a green  glafs. 

Its  conftituent  parts  according  to  Klaproth, 
are  58.  Copper, 

18.  Oxygen, 

1-2.5  Carbonic  acid, 

1 *.5  Water 
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It  occurs  ufually  in  the  newer  primitive,  and 
floetz  mountains,  accompanied  by  other  ores  of 
copper,  alfo  by  carbonat  of  lead,  calcareous  fpar, 
brown  fpar,  and  quartz.  The  fineft  fpecimens 
of  this  \aviety  of  malachite  are  found  in  the  Si- 
berian and  Hungarian  mines  : it  occurs  alfo  in 
Saxony,  and  various  other  mining  diftri£ts  in 
Germany,  alfo  in  Norway,  in  the  Mainland, 


one  of  the  Shetland  iflands,  in  Cornwall,  Derby- 
fhire,  and  Ormefliead  in  Caernarvonfhire. 

Var.  2.  Compaft  Malachite.  Dichter  M . 
Werner.  M.  compact e Broch. 

Its  colour  is  emerald-green,  parting  into  grafs 
and  verdigris  green ; the  fame  fpecimen  exhi- 
biting different  {hades : its  external  furface  is 
commonly  overfpread  with  a greenifh-white 
cruft.  It  occurs  maffive,  difleminated,  and 
membranaceous,  but  moft  frequently  reniform, 
cluftered,  mamillated,  ftaladlitic,  cellular,  or 
globular.  Externally  it  is  rough  and  dull,  or 
marked  by  black  dendrites.  Internally  it  is, 
according  to  the  kind  of  fra&ure,  either  dull, 
gliftening  or  fhining.  Its  fra£ture  is  conchoidal 
or  fine  granular  uneven,  or  minutely  fibrous. 
It  generally  occurs  in  thin  lamellar  concentric 
diftimft:  concretions,  curved  in  the  fame  direction 
as  the  furface,  each  of  which  has  generally  a 
different  {hade  of  colour,  thus  giving  to  the 
whole  a fomewhat  banded  appearance.  It  is 
opake,  foft,  brittle,  and  eafily  frangible.  Sp.  gr. 
3.5  to  3.6. 

Its  chemical  chara£lers  and  component  parts 
are  precifely  fimilar  to  thofe  of  the  preceding 
variety,  with  which  it  alfo  agrees  in  its  geo- 
gnoftic  and  geographical  fituation.  In  England 
it  occurs  at  the  Lands-end  and  other  places  in 
Cornwall,  alfo  both  mamillated  and  difleminated 
in  red  ochery  clay,  accompanied  by  copper 
pyrites,  in  fecondary  limeftone,  at  Llanymynech, 
Montgomery  {hire. 

Compadrt  Malachite,  on  account  of  its  fine- 
emerald  colour,  its  variable  fattin-y  tiffue  and 
luftre,  and  the  high  polilh  that  it  is  capable  of 
receiving,  is  an  extremely  ornamental  fubftance,. 
and  much  fought  after  on  this  account.  The 
largeft  and  fineft  fpecimen  that  is  known  was 
procured  in  Siberia,  and  graced  the  cabinet  of 
Count  Lanfkoi  at  Peterfburg,  after  whofe  death 
it  parted  into  the  colledtion  of  Dr.  Guthrie, 
where  it  probably  ftill  remains.  It  is  a plate 
about  35  inches  long,  18  broad,  and  above  2 in 
thicknefs,  and  is  valued  at  800  pounds  fterling. 

Var.  3.  Earthy  Malachite.  Kupfergrun 
Werner.  Vert  de  Cuivre  Broch. 

Its  principal  colour  is  verdegris-green,  parting 
fometimes  into  emerald-green  or  fky-blue.  It 
occurs  in  mafs,  difleminated,  or  inverting.  In- 
ternally it  is  fhining,  parting  into  gliftening, 
with  a refinous  luftre,  Its  fra£ture  is  fmall- 
conchoidal.  It  is  tranflucent  and  femitranfpa- 
rent ; is  foft  and  eafily  frangible. 

Its  chief  chemical  chara£ter  is  that  of  giving 
little  or  no  effervefcence  when  diffolved  in  acids.. 
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It  ha*  not  been  analyfed.  It  is  found  in  fimilar 
fituations  with  the  other  varieties  of  malachite, 
but  is  of  much  rarer  occurrence. 

Sp.  XII.  Emerald  Copper.  Kupfer-Schniaragd 
Werner.  Dioptafe  Hauy. 

Its  colour  is  emerald-green.  It  occurs  cryf- 
tallized  in  lengthened  dodecahedrons,  its  primi- 
tive form  being  that  of  an  obtufe  rhomboid.  It 
is  fliining  both  externally  and  internally,  and 
has  a vitreous  luftre.  It  is  tranflucent,  palling 
to  femitranfparent ; fcratches  glafs  feebly  and 
with  difficulty  •,  is  brittle.  Sp.  gr.  3.3. 

Before  the  blowpipe  it  becomes  of  a chefnut- 
brown  colour,  and  communicates  to  the  flame  a 
greenilh-yellow  tinge ; it  is  infufible  per  fe. 
With  borax  it  gives  a bead  of  copper,  Accor- 
ding to  the  analyfis  of  Vauquelin,  it  confifts  of 
Oxyd  of  copper  25.57 
Carbonat  of  lime  42.85 
Silex  . » 28.57 

96.99 

It  has  hitherto  been  found  only  in  Daouria, 
on  the  Ruflian  and  Chinefe  frontiers,  in  a vein 
accompanied  by  malachite. 

VI.  Family.  Arseniat  of  Copper. 

Sp.  XIII.  0£tohedral  Arfeniat  of  Copper. 
Oktaedrifches  Olivenerz  Karften. 

Its  ufual  colour  is  deep  Iky-blue,  palling  into 
Prulfian-blue ; it  is  alfo  found  of  a bright  grafs- 
green,  palling  into  apple-green,  greenifh-white, 
and  bluilh-white.  It  occurs  in  obtufe  o£tohe- 
drons,  formed  by  two  tetrahedral  pyramids 
with  ifofceles  triangular  planes,  united  bafe  to 
bafe.  The  four  planes  however  feldom  termi- 
nate in  one  point,  hence  the  apex  is  lengthened 
to  a ridge,  and  the  bafe,  inltead  of  being  a pa- 
rallelogram, approaches  near  to  a fquare.  The 
furfaces  arc  Ihining  and  fmooth,  or  llriated 
parallel  to  their  edges.  The  cryftals  are  im- 
planted in  cavities;  they  have  a Ihining  vitreous 
luftre  and  a lamellar  fracture,  are  femitranfpa- 
rent, fometimes  tranfparent.  Their  hardnefs  is 
inferior  to  that  of  fluor  fpar.  Sp.  gr.  2.88. 

Its  conftituent  parts,  according  to  Chenevix, 
are  49  Oxyd  of  copper 
14  Arfenic  acid 
35  Water 
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It  is  found  in  Huel-Gorland  mine  in  Corn- 
wall, in- veins  accompanied  by  vitreous  copper, 
copper  pyrites,  arfenical  pyrites,  and  iron  ochre. 

Sp.  XIV.  Hexahedral  Arfeniat  of  Copper. 
Blattriges  Olivenerz  Karften. 

Its  colour  is  deep  emerald-green,  palling  to 


verdegris-green.  It  occurs  cryftallized  iii  thin 
hexagonal  tables.  The  broad  planes  are  fmooth 
and  brilliant,  with  a metallic  luftre.  It  is  tranf- 
lucent, fofter  than  calcareous  fpar.  Sp.  gr.  2.54. 

When  placed  on  hot  coals  it  decrepitates 
ftrongly;  its  component  parts,  according  to 
Chenevix,  are 

58  Oxyd  of  copper 
21  Arfenic  acid 
21  Water 

100 

It  occurs  in  the  fame  mine  as  the  preceding 
fpecies,  and  is  principally  accompanied  by  ruby 
copper. 

Sp.  XV.  Prifmatic  Arfeniat  of  Copper. 
Prifrnatifches  Olivenerz  Karften. 

Its  colour  is  brownilh,  or  dark  bottle-green, 
verging  fometimes  to  yellowilh,  in  which  cafe 
it  generally  reflects  the  light  of  a golden  tint, 
when  capillary  it  is  of  a lighter  and  brighter 
colour.  It  occurs  cryftallized  in  an  irregular 
acute  o&ohedron  with  a re£!angular  bafe  (which 
is  its  primitive  form),  or  in  a long  rhomboidal 
or  flattened  hexahedral  prifm  with  dihedral 
fummits,  or  capillary,  either  in  very  lengthened 
o£fohedrons  or  indeterminate.  Sometimes  the 
cryftals  are  regular  at  one  extremity,  and  ter- 
minate in  capillary  brufhes  at  the  other.  The 
cryftals  are  fmall,  and  are  accumulated  laterally 
or  implanted.  It  has  a confiderable  luftre  be- 
tween vitreous  and  refinous;  is  tranflucent, 
palling  to  tranfparent ; is  harder  than  fluor,  but 
will  not  fcratch  glafs.  Sp.  gr.  4.28. 

It  pafles  into  the  two  following  varieties. 

1.  Amianthiform. 

Its  colour  varies  from  bluifh-green  to  grafs- 
green,  brown-green,  golden-brown,  golden-yel- 
low, ftraw  colour,  and  white.  It  occurs  in 
extremely  minute  parallel  or  diverging  flexible 
fibres,  or  thin  dufty  flexible  laminae,  with  more 
or  lefs  of  a fattiny  luftre. 

2.  Hematitiform. 

Its  colour  is  brownilh  or  whitilh-yellow.  It 
occurs  in  flat  or  mamillated  layers  either  fmooth 
or  covered  with  little  rough  cryftalline  points. 
Its  texture  is  fibrous,  but  very  compact,  refem- 
bling  wood  tin. 

This  fpecies  with  the  Capillary  and  Hemati- 
tiform varieties  has  been  analyfed  by  Mr.  Che- 
nevix, with  the  following  refult. 

Prifmatic.  Capillary.  Hematitiform. 


Oxyd  of  copper 

60. 

51 

5° 

Arfenic  acid 

39-7 

29 

29 

W ater  . . . 

0 

18 

21 

99-7 

98 

100 
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It  is  found  in  Huel  Gorland  mine  in  Corn- 
wall. 

Sp.  XVI.  Trihedral  Arfeniat  of  Copper. 

Its  colour  is  deep  bluilh-green,  palling  to 
black  when  in  a Hate  of  decomposition.  It 
occurs  cryftallized,  in  a trihedral  prifm,  whofe 
bafes  are  equilateral  triangles  (which  is  its  pri- 
mitive form),  fometimes  one  of  the  edges  of  the 
prifm  is  replaced  by  a plane  parallel  to  the  ad- 
jacent ones,  forming  a tetrahedral  prifm  •,  fome- 
times the  plane  that  replaces  the  edge  of  the 
prifm  is  confiderably  inclined  fo  as  to  diminilh 
and  even  obliterate  one  of  the  bafes,  thus  form- 
ing a wedge-fhaped  figure  with  fcalene  triangu- 
lar fides.  It  alfo  occurs  in  tetrahedral  and 
hexahedral  prifms,  in  very  acute  rhomboids, 
and  irregular  oftohedrons ; alfo  capillary  and 
mamillated  like  the  preceding  fpecies.  The 
cryltals  are  fmall  and  very  fmall,  when  unaltered 
are  tranfparent  but  become  opake  by  decompo- 
fition. It  is  minings Tcratches  calcareous  fpar, 
though  with  difficulty.  Sp.  gr.  4.28.  Its  com- 
ponent parts,  according  to  Chenevix,  are 
Oxyd  of  copper  54 
Arfenic  acid  30 

Water  . 16 

10  o 


Sp.  XVII.  Martial  Arfeniat  of  Copper. 

Its  colour  is  bright  fky-blue.  It  occurs  cryf- 
tallized in  a comprelfed  rhomboidal  tetrahedron, 
terminated  at  each  extremity  by  a four-fided 
pyramid,  the  faces  of  which  are  fcalene  triangles. 
The  prifm  is  fometimes  hexahedral,  on  account 
of  the  obtufe  edges  of  the  rhomboid  being  re- 
placed by  fecondary  planes ; or  o£tohedral 
when  all  the  four  edges  are  replaced.  The 
cryftals  are  very  fmall,  and  are  generally 
grouped  together  in  fmall  fpheres.  It  is  fhining, 
tranfparent,  fomewhat  harder  than  calcareous 
fpar.  Sp.  gr.  3.4. 

It  is  compofed,  according  to  Chenevix,  of 
Oxyd  of  copper  22.5 


iron  27.5 

Arfenic  acid  33.5 

Water  - 12. 

Silex  - 3 


. 

It  occurs  in  Muttrel  mine,  adjoining  to  Huel 
Gorland,  accompanied  by  the  fame  fubftances 
as  the  preceding  fpecies. 

VII.  Family.  Phosphat  of  Copper. 

Sp.  XVIII.  Phofphat  of  Copper. 

Its  colour  externally  is  greyilh-black,  inter- 


nally between  emerald  and  verdegris-green.  It 
occurs  in  mafs,  difleminated,  and  cryftallized 
in  rhomboids,  with  convex  lateral  planes.  The 
cryftals  are  fmall  and  very  fmall,  their  furface 
is  drufy,  and  fhining  with  a high  vitreous  luftre. 
Internally  it  is  gliftening  with  a filky  luftre. 
Its  fracture  is  delicate  and  diverging  fibrous. 
It  is  opake,  and  moderately  hard.  It  confifts, 
according  to  Klaproth,  of 

68.13  Oxyd  of  copper 
30.95  Phofporic  acid 


99.08 

It  has  hitherto  been  found  only  at  Firneberg 
in  Cologne,  in  white  drufy  quartz.  It  was  for- 
merly miftaken  for  a variety  of  malachite. 

VIII.  Family.  Muriat  of  Copper. 

Sp.  XIX.  Sandy  Copper.  Saltzkupfererz 
Werner. 

Its  colour  is  emerald-green,  pafling  into  leek 
and  olive-green.  It  occurs  maffive,  dilfeminated, 
and  cryftallized  in  extremely  minute  fix  or  four- 
fided  prifms.  The  furface  of  the  cryftals  is 
fmooth  and  brilliant,  and  their  fra&ure  lamel- 
lar. The  maflive  variety  is  opake,  the  cryftals 
are  tranfparent.  It  occurs  in  coarfe  and  fmall 
granular  diftinft  concretions.  It  is  foft  and 
eafily  frangible.  Sp.  gr.  4.43. 

Before  the  blowpipe  on  charcoal  it  tinges  the 
flame  of  a bright  green  and  blue  colour,  and  a 
metallic  bead  remains  behind.  It  is  foluble  in 
nitrous  acid  without  effervefcence,  and  almoft 
entirely  in  ammonia.  The  following  are  its 
conftituent  parts  according  to  Prouft  and  Kla- 
proth, 

Prouft  Klaproth 


Chili 

73  Oxyd  of  copper 
10. 1 Muriatic  acid 
16.9  Water 


100.0 


From  Peru  Chili 
76.595  70.482 

10.638  11.446 

12.767  18.072 


99.99  100. 


It  is  found  loofe  in  the  bed  of  a river  at  Re- 
molinos  in  Chili,  and  elfewhere,  though  rarely, 
in  Spanifh  South  America. 

Reduction  of  the  Ores. 

The  reduction  of  copper  ores  in  the  large 
way  is  on  the  whole  a very  Ample  bufinefs, 
being  little  elfe  than  a fucceflion  of  roafting  and 
reducing  procefles  of  the  fimpleft  kind,  till  the 
metal  acquires  the  defired  degree  of  malleability 
and  purity.  It  is  to  be  obferved  that  both 
arfenic  and  fulphur  adhere  to  copper  with  great 
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obftinacy,  even  long  after  it  has  affumed  the 
appearance  of  a pure  regulus,  and  even  in  very 
fmall  proportion  they  make  the  metal  brittle, 
hard,  and  difficult  to  work. 

There  ase  l'carcely  two  works  in  which  pre- 
cifely  the  fame  order  is  obferved  in  the  different 
reducing  proceffes  (fuppofing  the  quality  of  the 
ore  to  be  the  fame)  and  as  the  manufacturer  is 
generally  fatisfied  with  that  which  has  been 
long  eltablilhed  and  is  attended  with  ordinary 
fuccefs,  he  feldom  enquires  whether  the  labour 
may  be  ffiortened  or  the  expence  diminifhed. 

The  fulphuret  of  copper  which  is  obtained 
in  fuch  vaft  quantities  at  the  Parys  mine  in 
Anglefea,  is  wrought  into  rough  copper  in  the 
following  manner.  The  ore  is  dug  up  in 
large  pieces  (being  moftly  obtained  by  blafting) 
and  is  firft  broken  into  fmallifn  lumps  by  the 
hammer,  chiefly  by  women  and  children,  and 
put  into  a kiln  from  which  proceed  flues  that 
open  into  a very  long  clofe  pent-houfe  gallery 
to  colleCl:  the  fulphur.  The  kiln  is  covered 
clofe,  and  a little  fire  is  applied  to  the  mafs  of 
ore  in  different  places,  whereby  the  whole  is 
gradually  kindled.  The  fulphur  then  rifes  in 
vapour  to  the  top  of  the  kiln,  and  thence  through 
the  flue  into  the  long  gallery,  where  it  flowly 
condenfes,  and  is  afterwards  brufhed  out  and 
further  prepared  for  fale.  The  mafs  of  ore  when 
once  kindled  continues  to  burn  of  itfelf  with  a 
fmouldering  heat  for  about  fix  months,  during 
which  time  the  fulphur-chamber  is  cleared  out 
four  times,  after  which  the  ore  is  fufficiently 
roafted.  The  old  fulphur-chambers  are  on  a 
level  with  the  kilns  and  of  the  fame  length  and 
height,  or  in  fad  they  are  a prolongation  of  the 
kilns : but  the  more  modern  and  improved 
chambers  are  like  lime-kilns,  the  ore  being  at 
the  bottom,  and  the  fulphur  fubliming  at  the 
top,  with  a contrivance  to  take  out  the  roafted 
ore,  and  thus  to  keep  up  a perpetual  fire. 

The  richeft  part  of  the  roafted  ore  is  exported 
without  further  preparation,  but  the  pooreft 
part  is  fmelted  on  the  fpot.  It  ftill  contains  a 
vaft  quantity  of  fulphur  and  other  impurities. 
The  fmelting  houfes  are  a range  of  large  rever- 
beratory furnaces,  thirty-one  of  which  are  under 
the  fame  roof,  ranged  fide  by  fide  in  a fingle 
long  row.  They  are  all  air  furnaces,  the  chim- 
neys of  which  are  41  feet  high,  which  caufes  a 
molt  powerful  draught  through  them.  The 
fuel  is  coal,  which  is  burned  on  a grate  at  the 
anterior  part  of  the  furnace,  and  the  flame  in 
drawing  up  the  chimney  paffes  over  the  bed  of 
the  reverberatory,  into  which  is  put  1 2 cwt.  of 
the  roafted  ore,  previoufly  mixed  with  a fmall 


portion  of  coal  duft.  The  ore  is  here  melt- 
ed and  reduced  into  a very  impure  regulus, 
and  when  fuffifciently  fufed  it  is  drawn  off 
through  a plug-hole  into  earthen  moulds.  A 
fingle  charge  of  the  furnace,  or  12  cwt.  yields 
-j  a cwt.  of  rough  copper,  which  by  further  pu- 
rification affords  about  50  per  cent,  of  pure 
malleable  metal.  The  furnaces  work  off  a fingle 
charge  about  every  five  hours. 

The  copper  furnaces  in  Cornwall  are  alfo  of 
the  reverberatory  kind.  The  ore  when  drawn 
up  from  the  mine  is  firft  broken  into  pieces  no 
bigger  than  a hazel-nut,  which  operation  is 
called  cobbing , and  the  better  fort  is  picked  out 
by  hand.  The  reduction  begins  by  the  procefs 
of  roafting  in  large  reverberatory  furnaces  14 
feet  by  1 6,  the  bottom  or  bed  of  which  is  made 
of  fire-bricks  and  covered  to  the  thicknefs  of 
about  2 feet  with  filicious  fand,  which  runs  to- 
gether by  the  heat  into  a femi-vitrified  mafs. 
The  chimney  is  from  40  to  50  feet  high,  which 
caufes  fuch  a powerful  draught  that  the  arfenic 
and  fulphur  feparated  during  the  roafting  pafs 
almoft  entirely  through  the  chimney  into  the 
open  air,  none  of  it  being  collected  as  at  Angle- 
fea. The  ore  is  fpread  over  the  bottom  of  the 
furnace  about  a foot  thick,  being  thrown  in 
through  a kind  of  funnel  or  hopper  juft  above. 
The  fuel  is  Welfh  coal,  which,  as  ufual,  is 
burnt  at  the  anterior  part  of  the  furnace,  and 
its  flame  draws  over  the  furface  of  the  ore  in 
its  paffage  to  the  chimney.  In  this  furnace, 
which  is  called  the  calcining  furnace,  and  is  the 
large!!  of  all,  the  ore  is  roafted  without  addition 
with  a dull  red  heat  for  12  hours,  and  is  fre- 
quently in  that  time  ftirred  with  a long  iron 
rake,  introduced  through  a hole  at  the  further 
end  of  the  reberveratory,  to  expofe  frefh  furfaces 
to  the  action  of  the  flame.  The  ore  is  not 
melted  here,  but  when  roafted  fufficiently,  it  is 
carried  to  another  furnace  exaCtly  fimilar  to  the 
former,  but  fmaller,  that  is,  about  9 feet  by  6, 
and  here  it  receives  a fufing  heat,  but  ftill  with- 
out any  addition,  except  that  when  the  flag  does 
not  rife  freely,  a little  calcareous  fand  is  thrown 
in.  At  the  end  of  every  four  hours  the  flag  is 
raked  out  •,  it  is  then  of  the  confiftence  of  foft 
dough  and  is  laded  into  oblong  moulds,  and  a 
little  water  is  fprinked  upon  it  to  make  it  fink 
down,  after  which  the  moulds  are  quite  filled 
with  it,  and  when  cold  it  makes  hard  folid  blocks 
of  flag  about  14  inches  long  and  12  deep  and 
broad,  which  are  ufed  for  building.  After  the 
flag  is  raked  off,  a frelh  charge  of  calcined  ore 
is  let  down  into  the  reverberatory,  and  the  cop- 
per is  tapped  off  by  a hole  in  the  fide  of  the 
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furnace,  which  before  the  fufion  had  been  flop- 
ped up  with  a {hovel  full  of  wet  clay  mixed 
^vith  about  a fourth  of  new  coal,  which  prevents 
the  clay  from  hardening  too  much,  fo  that  the 
hole  may  readily  be  opened  by  an  iron  pick. 

. The  rough  copper  as  it  runs  from  the  furnace 
is  conveyed  by  a gutter  into  a large  kind  of  bucket 
fufpended  by  chains  in  a well  through  which  a 
ftream  of  water  is  palling,  and  here,  in  falling 
into  the  water,  the  metal  is  granulated,  which 
takes  place  without  explofion  or  danger,  and  it 
is  then  drawn  out  by  raifing  the  bucket. 

The  copper  is  ftill  however  extremely  impure, 
though  apparently  in  the  metallic  ftate,  being 
grey  and  perfectly  brittle,  and  ftill  mixed  with 
arfenic  and  fulphur,  to  feparate  which  is  the 
work  of  feveral  fubfequent  proceffes.  It  is  then 
remelted  and  granulated  twice  more  or  oftener, 
each  time  tin-owing  up  a flag  in  the  furnace, 
which  is  removed  before  the  plug-hole  is  tap- 
ped ; but  as  this  flag  contains  fome  copper,  it 
is  not  call;  into  moulds  as  the  firft,  but  worked 
over  and  over  again  with  the  frefh  charges  of 
calcined  ore.  The  number  of  fulions  and  gra- 
nulations is  entirely  determined  by  the  nature 
of  the  ore.  The  granulated  mafs  is  then  melted 
and  caft  into  pigs,  which  have  a bliftered  ap- 
pearance on  the  lurface,  and  are  broken  up  and 
roafted  for  one  or  two  days  in  a low  red  heat, 
and  again  melted  and  roafted  as  before  for 
feveral  times  till  the  metal  is  confiderably  purer, 
and  at  laft  is  caft  in  oblong  iron  moulds  about 
14  inches  in  length,  when  it  is  removed  to  the 
Refining  Furnace.  Here  it  is  again  melted  with 
the  addition  of  a little  charcoal,  till  it  is  brought 
to  a fufficient  purity  to  bear  the  hammer,  and  is 
now  good  faleable  copper. 

It  is  obfervable  that  in  the  former  procefs 
when  the  crude  and  brittle  metal  is  caft  in  fand 
in  the  form  of  large  pigs  or  ingots,  the  beft 
part  of  the  copper  rifes  to  the  furface,  and  when 
cold  may  be  knocked  off  with  a hammer,  form- 
ing a brittle  cruft  about  three-quarters  of  an 
inch  thick,  of  a grey  colour  and  a fteel-like 
fraffure. 

Thus  by  a feries  of  fucceffive  calcinations  and 
fufions  in  the  fimpleft  manner  poflible,  the  com- 
mon copper  ores  are  freed  from  arfenic,  fulphur 
and  earthy  matters,  and  gradually  brought  to 
the  ftate  of  malleable  copper.  Where  a variety 
of  ores  from  different  places  and  of  different 
fpecies  are  brought  to  the  fame  fmelting-houfe 
(which  is  the  cafe  in  many  of  the  houfes  at 
Swanfea  and  different  parts  of  the  Briftol  coaft) 
much  technical  judgment  is  exercifed  in  forting 
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the  ores  and  diftributing  the  charges  for  the 
furnace  in  fuch  a manner  that  the  more  fufible 
will  aflift  the  redudtion  of  the  refraftory,  and 
the  poorer  will  be  made  more  worth  working 
by  the  addition  of  a portion  of  the  richer  ores, 
and  the  like. 

The  fubfequent  operations  whereby  the  ingots 
or  pigs  of  malleable  copper  are  formed  into  ffieet 
copper,  wire,  nails,  bolts,  cauldrons,  and  an 
infinite  variety  of  manufactured  articles,  do  not 
come  within  the  province  of  pure  chemiftry  : it 
may  be  fufficient  to  obferve  that  the  hammering 
renders  the  metal  much  more  uniform,  clofe, 
and  ductile,  but  this  requires  to  be  frequently 
alternated  with  annealing  at  a full  red  heat,  to 
prevent  the  metal  from  cracking  under  the 
powerful  preffure  to  which  it  is  expofed.  Im- 
mediately after  the  laft  annealing,  the  copper 
plates  are  quenched  in  urine,  which  fomewhat 
hardens  the  furface,  and  gives  it  that  rednefs 
which  is  confidered  by  the  merchant  as  one 
mark  of  the  purity  of  the  metal. 

In  the  reduction  of  the  copper  ores  of  Neufol 
in  Hungary,  lead  is  ufed  in  the  refining  part  of 
the  procefs  b in  the  following  manner : the 
rough  copper  is  fpread  on  the  bed  of  a furnace, 
and  when  it  has  been  fix  hours  in  fufion,  fome 
lead,  in  the  proportion  of  from  6 to  8 per  cent, 
of  the  copper,  is  thrown  in,  which  immediately 
begins  to  vitrify  and  to  form  a thick  fcoria  along 
with  the  impurities  of  the  copper,  which  is 
fcummed  off  fucceffively  till  the  whole  is  ex- 
haufted  and  the  copper  remains  fine  and  clear. 
This  procefs  lafts  from  10  to  12  hours,  with  50 
quintals  of  raw  copper.  The  fcoriae  retain  a 
portion  of  copper,  which  makes  it  anfwer  to 
work  them  again. 

The  power  which  the  vitrified  oxyd  of  lead 
has  to  fcorify  all  metals,  except  gold,  filver  and 
platina,  is  amply  {hewn  in  the  procefs  of  AJfay- 
ing,  and  hence  it  muft  happen  that  in  refining, 
fome  of  the  copper  becomes  oxidated  together 
with  the  lead  ; but  the  fame  procefs  of  allaying 
{hews  that  copper  requires  a large  portion  of 
lead  for  this  purpofe,  and  therefore  the  latter 
metal  in  fo  finall  a proportion  as  6 to  8 per 
cent,  is  probably  a moft  ufeful  addition  where 
not  too  expenfive.  For  of  all  the  common  im- 
perfedt  metals,  copper  is  that  which  fcorifies 
and  oxidates  with  moft  difficulty  when  in  fufion, 
and  therefore  the  fame  method,  with  fome  little 
variety,  may  be  pra£tifed  to  feparate  lead  and 
tin  (for  example)  from  copper,  as  any  or  all  of 
thefe  metals  from  filver  or  gold,  care  being 
taken  in  the  former  cafe  not  to  carry  the  fcori* 
Mctall.  tom  3. 
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fication  beyond  what  is  neceflary  to  feparate  the 
more  eafily  oxidable  metals  from  the  copper 
which  then  remains  in  the  metallic  ftate.  This 
will  be  further  noticed  in  the  fucceeding  article 
of  Alloys  of  Copper , and  the  purification  of  bell- 
metal.  After  the  greater  part  of  the  lead  has 
been  worked  off  as  often  as  is  judged  necefTary, 
the  remaining  copper  muft  be  kept  for  a while 
longer  in  fufion,  to  throw  up  the  laft  portions 
of  lead  that  may  adhere.  In  aflaying  gold  or 
Clver  the  total  expulfion  of  the  lead  is  known 
by  the  fine  metal  becoming  at  once  brilliant  on 
the  furface,  but  in  refining  copper  this  appear- 
ance can  never  take  place,  as  the  copper  itfelf 
always  forms  a thin  oxyd  on  its  melted  furface  ; 
and  therefore,  to  judge  whether  it  is  pure,  the 
workman  dips  a polifhed  iron  rod  in  the  melted 
mafs,  and  draws  out  a portion  of  copper  ad- 
hering to  it,  which,  if  pure,  immediately  falls 
off  when  the  rod  is  dipped  in  water.  The  colour 
of  the  fcoria  is  all'o  another  teft.  While  the 
copper  remains  impure  and  alloyed  with  iron, 
fulphur,  &c.  the  vitrified  oxyd  on  the  furface 
is  black  or  of  a dirty  brown,  but  the  fcoria  of 
pure  copper  is  red,  and  alfo  is  readily  feparated 
from  the  iron  when  cold,  leaving  no  ftain  be- 
hind. 

The  plates  of  fine  red  copper,  called  Rofette 
Coppery  are  made  in  the  following  way.c  When 
the  refined  copper  is  found  by  the  way  juft 
mentioned  to  be  fufficiently  pure,  the  furface  of 
the  melted  metal  is  well  fcummed  and  fuffered 
to  cool  till  it  is  ready  to  fix,  at  which  time  a 
workman  brufhes  it  over  with  a wet  broom, 
which  immediately  fixes  the  furface  and  caufes 
a thin  plate  to  feparate  from  the  ftill  fluid  metal 
below.  This  plate  is  taken  off*  and  thrown  into 
water,  where  it  takes  a high  red  colour,  and  the 
fame  procefs  of  wetting  the  furface  is  repeated 
with  the  remaining  fluid  metal  fucceffively,  till 
the  whole  is  reduced  to  thefe  thin  irregular 
plates. 

A confiderable  quantity  of  copper  is  obtained 
from  the  fprings  of  native  fulphat  of  copper  or 
blue  vitriol,  which  are  found  in  moft  copper 
mines  or  flow  from  hills  containing  this  metal. 
To  obtain  it,  the  vitriol  water  is  pumped  up 
into  large  fquare  open  pits,  two  or  three  feet 
deep,  made  with  rammed  clay,  into  which  is 
thrown  a quantity  of  refufe-  iron  of  any  kind, 
and  fuffered  to  remain  for  a confiderable  time, 
during  which  the  iron  is  diffolved,  difplacing  by 
fuperior  affinity  the  copper  which  is  precipitated 
Ih  the  form  of  a brown  much  When  the  water 
is  thus  .exhaufted  of  its  copper,  the  pits  are 


raked  out,  and  the  oxyd  colle&ed  from  them 
is  limply  dried  in  the  fun.  It  is  then  fit  for 
reduction  in  the  reverberatory  furnaces  in  the 
ufual  manner.  This  is  by  far  the  richeft  ma- 
terial employed,  for,  though  containing  fome 
clay  and  iron  mixed  with  the  copper,  it  yields 
on  an  average  full  50  per  cent,  of  pure  metal, 
and  therefore  it  is  feldom  fmelted  by  itfelf,  but 
mixed  with  the  poorer  ores,  fome  of  which 
contain  no  more  than  5 per  cent,  of  metal. 

Many  of  the  fineft  copper  ores  contain  fomuch 
filver  as  to  make  it  worth  while  to  extraft  this 
laft  metal  by  a feparate  operation,  which  will 
be  defcribed  under  the  article  Silver.  In  all  the 
different  roaftings  and  reductions  neceflary  to 
bring  the  copper  to  purity,  the  filver  remains 
united  with  it. 

Analyfis  of  Copper  Ores. 

The  number  of  the  analyfes  made  of  the  dif- 
ferent fpecies  of  copper  ores  is  fo  immenfe,  that 
a feleftion  only  of  the  moft  approved  can  here 
be  given ; and  a few  general  rules  may  be  pre- 
mifed,  which  will  Amplify  the  fubject. 

The  analyfis  of  ores  is  ufually  conducted  in 
one  of  two  diftinct  ways,  the  dry  and  the  moijly 
each  of  which  has  its  peculiar  advantages  and 
defects. 

In  the  dry  way,  the  ores  when  they  contain 
fulphur  or  arfenic  (which  is  the  cafe  with  the 
greater  number)  are  firft  roafled  in  order  to 
diffipate  the  greater  part  of  thefe  mineralizing 
fubftances.  For  this  purpofe,  in  analyfis  in  the 
fmall  way,  they  are  mixed  with  about  their  bulk 
of  charcoal  powrder  (or  better  with  fine  faw- 
duft)  and  expofed  to  a low  red  heat  on  a flat 
tile  or  muffle,  or  any  other  convenient  apparatus 
on  which  they  can  be  thinly  fpread.  The  ful- 
phur or  arfenic  foon  begins  to  rife  in  fumes 
which  Ihould  be  haftened  by  frequent  ftirring, 
keeping  the  heat  juft  below  the  point  at  which 
the  ore  would  run  and  clot  together,  to  prevent 
which  is  one  confiderable  ufe  of  the  charcoal  or 
faw-duft. 

When  no  more  fumes  fenfibly  arife,  and  the 
charcoal  is  entirely  burnt  off,  the  part  of  the 
ore  that  remains  now  confifts  of  the  metallic 
portion  in  the  ftate  of  an  oxyd,  ftill  mixed  how- 
ever with  a quantity  of  fulphur  or  arfenic, 
which  mere  roafting  will  not  feparate,  and  of' 
all  the  earthy  matrix  that  may  have  been  ori- 
ginally contained. 

The  ore  is  then  fitted  for  the  feeond  procefs, 
which  is  that  of  reduElion  of  the  metallic  oxyds 
to  the  reguline  ftate.  All  that  is  eflentially  ne- 
ceflary to  reduction  is,  to  expofe  the  oxyd  to  a 
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high  heat  in  contadt  with  charcoal  or  carbon- 
aceous matter  of  any  kind,  and  fecluded  from 
the  contact  of  air.  In  reducing  the  metals  vo- 
latile in  heat,  fuch  as  zinc  or  antimony',  this  re- 
duction requires  fomewhat  of  a different  appa- 
ratus from  the  fixed  metals,  to  which  chiefly 
the  prefent  obfervations  apply.  It  has  been  a 
conftant  cultom  with  chemifts  in  almoft  all 
cafes  (till  of  late  years)  to  add  to  the  ore  in  re- 
duction, not  only  a due  quantity  of  carbon- 
aceous matter,  but  alio  to  mix  it  with  a large 
proportion  (feldom  lefs  than  thrice  its  weight) 
of  fome  alkaline  or  eafily  vitrifiable  matter  to 
ferve  as  a Jinx  to  promote  the  fuflon  of  all  the 
heterogeneous  contents  of  the  ore,  and  to  afford 
a thin-flowing  medium,  through  which  the  glo- 
bules of  reduced  metal  can  readily  fall  by  their 
fuperior  gravity,  and  at  lafl  be  colledted  in  a 
fingle  mafs  or  button  at  the  bottom  of  the 
crucible. 

In  all  the  common  procefles  of  redudtion, 
therefore,  which  are  ufually  given,  the  ad- 
ditions to  the  ore  are  of  two  kinds,  the  purpofe 
of  which  fhould  be  well  diftinguifhed,  namely, 
the  carbonaceous  matter,  which  is  eflential  to 
the  difoxygenation  of  the  metallic  oxyd,  and  the 
faline  or  fufible  flux,  the  ufe  of  which  is  often 
highly  convenient  and  even  neceflary,  but  alfo 
often  needlefs  or  even  detrimental.  The  in- 
variable fault  of  faline  fluxes  as  generally  ap- 
plied, is,  that  they  always  diffolve  a portion  of 
the  metallic  oxyd  before  it  has  time  to  pafs  to  the 
metallic  ftate,  and  retain  it  permanently,  thus 
robbing  the  metallic  button  cf  a part  of  what 
otherwife  would  unite  with  it : and  hence  it 
almoft  invariably  happens  that  common  allays 
made  in  the  dry  way  with  faline  fluxes  return  a 
lefs  proportion  of  metal  than  the  ore  really 
contains.  Nor  is  this  lofs  trifling  in  many  in- 
ftances,  fince  the  accurate  Klaproth  found  a 
difference  of  9 per  cent,  between  the  yield  of 
copper  from  a certain  ore  allayed  in  the  dry  way, 
and  the  fame  ore  treated  in  a different  manner, 
in  the  moill  way.  As  a proof  of  the  folution  of 
a part  of  the  metallic  oxyd  in  the  faline  flux,  it 
may  be  added  that  the  fcoria,  or  flux  after  melt- 
ing, is  always  found  deeply  coloured  with  that 
precife  tint  which  would  be  given,  as  in  the 
common  preparation  of  coloured  glafles,  by  the 
defigned  admixture  of  the  oxyd  of  the  metal 
ufed.  Thus  the  fcorise  of  reduced  cobalt  ore 
are  of  a deep  blue ; of  fine  copper,  green  or 
brown  according  to  circumftances;  of  iron  grafs- 
green,  and  the  like.  The  lofs  of  metal  is  Hill 
greater  when  tire  ore  retains  a portion  of  ful- 


phur,  which  laft  uniting  with  the  alkali,  adts 
with  ftill  more  power  on  the  metallic  oxyds. 

As  naked  alkaline  fluxes  are  peculiarly  liable 
to  this  inconvenience,  fome  eminent  docimaftic 
chemifts  employ  with  confiderable  fuccefs  fluxes 
of  equal  power,  but  with  lefs  difpofition  to 
diffolve  the  metallic  oxyds.  Of  this  kind  are 
very  fufible  glafles  made  of  much  alkali  and 
flex  without  litharge  or  other  metallic  admix- 
ture, fluor  fpar,  lime,  and  above  all,  borax.  This 
laft  produces  a thinner  fufion  of  vitrifying  mix- 
tures than  an  equal  quantity  of  any  other  fub- 
ftance  whatever,  and  hence  a fmaller  dofe  of 
this  than  of  the  naked  alkalies,  will  anfwer  all 
the  purpofes  of  a flux,  and  of  courfe  the  lofs 
by  folution  of  the  metallic  oxyd  is  much  lefs. 

A reduction  of  the  fulphuretted  ores  is  fome- 
times  conveniently  effedied  by  a fingle  opera- 
tion which  gives  a button  of  metal  of  confider- 
able purity.  The  roafting,  which  is  always  a 
tedious  operation,  is  faved  by  mixing  the  ore 
with  two  or  three  times  its  weight  of  nitre,  and 
projedting  it  into  a hot  crucible.  The  mixture 
dephlagrates  on  reaching  the  crucible,  the  ful- 
phur  is  burnt  and  converted  to  fulphuric  acid 
which  unites  with  the  potafh  of  the  decompofed 
nitre,  and  the  metal,  now  freed  from  the  ful- 
phur,  becomes  fully  oxygenated  by  the  nitric 
acid  and  ready  for  redudtion.  This  is  effedted 
by  throwing  in  a reducing  flux  of  tartar  and 
pitch  or  any  fimilar  matter,  and  applying  a 
ftrong  heat  for  the  requifite  time. 

It  appears,  however,  that  though  nitre  is 
often  a good  and  expeditious  method  of  freeing 
ores  from  their  fulphur,  it  is  better  not  to  per- 
form the  whole  redudtion  in  a fingle  operation, 
but  firft  to  feparate  the  metallic  oxyd  after 
dephlagration  (which  may  be  done  by  waffling) 
and  then  to  reduce  it  by  a proper  flux. 

The  redudtion  of  the  pure  oxyds  or  carbon- 
ated oxyds  of  copper,  whether  natural  or  arti- 
ficial, is  effedted  without  lofs,  and  in  by  far 
the  belt  method,  Amply  by  heating  intenfely  in 
contadt  with  charcoal  in  a covered  crucible. 
This  is  in  fadl  a very  clofe  imitation  of  the  me- 
thod of  redudtion  in  the  large  way  of  the 
roafted  copper  ores,  only  as  thefe  latter  ftill 
contain  fulphur,  arfenic,  iron,  and  other  foreign 
matters,  the  procefs  requires  to  be  repeated 
many  times  before  the  copper  is  in  a pure 
malleable  ftate,  in  each  of  which,  the  impurities 
feparate  in  the  form  of  a thick  pafty  leum,  as 
already  deferibed,  under  the  article  of  redudtion 
in  the  large  way. 

In  fmall  experiments,  where  faline  fluxes  are 
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ufed,  thefe  impurities  diflolve  in  the  flux  (which 
is  one  of  the  great  ufes  of  thefe  fubftances)  and 
one  or  at  moft  two  operations,  will  fuffice. 

When  copper  is  pure  (that  is,  of  a faleable 
purity,  for  it  is  very  rarely  found  abfolutely  pure) 
it  is  foft,  malleable,  and  of  a beautiful  brilliant 
yellow-red  where  recently  cut  or  filed.  On  the 
contrary,  when  containing  fulphur,  arfenic,  or 
iron,  it  is  black,  denfe,  fonorous,  brittle,  and  more 
of  a vitreous  than  a truly  metallic  appearance. 
In  this  ftate  it  is  called  copper-matt , or  black 
copper  by  metallurgifts.  Subfequent  melting  in 
conta&  with  air,  or  with  fluxes,  removes  thefe 
impurities,  and  if  the  operation  be  judicioufly 
performed,  the  lofs  fuftained  by  the  matt,  in 
being  converted  into  pure  copper  is  principally 
that  of  the  impurities ; for  it  is  a valuable  pro- 
perty of  this  metal  to  be  much  lefs  eafily  oxi- 
dated, fcorified,  and  diflolved  by  fulphurets, 
than  any  of  the  metals  with  which  it  is  ufually 
found  mixed,  and  particularly  than  iron. 

After  all,  however,  the  analyfis  of  copper 
ores  in  the  dry  way  can  only  give  an  approxi- 
mation to  accuracy  in  the  refult,  except  in  the 
treatment  of  the  pure  native  oxyds  or  carbonats, 
which  are  indeed  among  the  moft  valuable  ores, 
but  are  thofe  which  the  feldomeft  come  under 
the  notice  of  the  pra£tical  metallurgift. 

The  analyfis  of  copper  ores  in  the  moift  way 
is  performed  in  a tolerably  uniform  manner, 
the  ore  being  firft  treated  with  an  acid  which 
diflblves  all  the  metallic  part,  leaving  the  ful- 
phur and  filex  ; after  which  the  different  metals 
are  feparately  precipitated  from  the  folution, 
either  in  the  metallic  ftate,  or  in  certain  known 
forms  of  combination,  from  which  the  metallic 
portion  can  be  accurately  inferred. 

The  particular  fteps  of  many  of  thefe  ana- 
lyfes  will  be  prefently  given  ; the  general  mode 
of  feparating  copper  from  the  metals  with 
which  it  is  alloyed  is  as  follows : from  fiver , 
by  adding  to  the  nitrous  folution  of  the  mixed 
metals  muriat  of  foda,  which  feparates  the  fil- 
ver,  as  luna  cornea,  and  leaves  the  copper : — 
from  lead , by  adding  to  the  folution  fulphat  of 
foda,  which  precipitates  an  infoluble  fulphat  of 
lead,  and  leaves  the  copper : — from  antimony, 
by  digefting  the  mixed  oxyds  of  copper  and  an- 
timony with  nitric  acid,  which  diflblves  the 
copper  and  leaves  the  antimony : — -from  iron , 
by  fuperfaturating  the  mixed  folution  with  am- 
monia, which  redifl'olves  the  copper  and  leaves 
the  oxyd  of  iron  ; or  elfe  by  immerfing  a piece 
of  polifhed  iron  in  tire  folution,  which  will  fepa- 
rate  the  copper  and  leave  the  iron  in  folution, 
(a  precaution  to  be  obferved  here,  however,  will 
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be  prefently  mentioned) : — from  tin,  by.  im~ 
merfing  a piece  of  metallic  tin  in  the  folution, 
w hich  will  precipitate  the  copper  only  -.—from 
arfenic , by  dilfolving  in  nitrous  acid  and  adding 
acetite  or  nitrat  of  lead  which  will  feparate  the 
arfenic  in  the  form  of  an  infoluble  arfeniat  of 
lead,  and  leave  tire  copper.  If  an  excefs  of 
lead  remain,  add  fulphat  of  foda,  as  above  men- 
tioned \—from  Nickel  in  the  following  way: 
when  this  metal  is  found  it  is  generally  in  con- 
junction with  iron ; and  ammonia,  which  pre- 
cipitates all  the  three  metals  from  their  acid  fo- 
lution, redifl'olves,  when  in  excefs,  both  the 
nickel  and  coppeT ; but  to  obtain  the  copper 
fingly,  again  fuperfaturate  with  muriatic  acid, 
and  immerfe  a piece  of  iron,  which  will  fepa- 
rate the  copper,  and  leave  the  nickel  diflolved. 

Copper  is  obtained  feparate,  in  wet  analyfis, 
in  three  ftates,  in  each  of  which  the  weight  may 
be  taken,  either  in  the  metallic  ftate,  or  as  the 
green  carbonat,  or  as  the  black  oxyd.  If  a 
piece  of  polifhed  iron  is  immerfed  in  an  acid 
folution  of  copper  it  is  almoft  inftantly  covered 
with  a brilliant  coating  of  metallic  copper, 
owing  to  an  exchange  having  taken  place,  a 
portion  of  the  iron  being  diflolved,  and  fepa- 
rating an  equivalent  quantity  of  copper  from 
the  folution.  As  this  proceeds,  the  precipitate 
of  metallic  copper  increafes,  and  incrufts  the 
remaining  iron,  forming  a bundle  of  ragged 
-filaments  which  the  flighteft  force  will  detach 
if  the  folution  is  fufficiently  diluted.  At  laft 
the  folution  contains  only  iron,  and  the  whole 
of  the  copper  is  thus  obtained  in  the  metallic 
ftate,  which  only  requires  wafhing  and  drying. 
This  precipitation  is  much  afiifted  by  boiling 
for  a fhort  time,  efpecially  at  laft,  without 
which  indeed  the  laft  portions  of  copper  will 
hardly  feparate.  The  folution  wrhen  purely  cu- 
preous is  of  a fine  azure  blue,  but  when  con- 
verted to  a folution  of  iron  becomes  green.  It 
fhould  be  remembered,  however,  that  for  a per- 
fe£t  feparation  of  copper  from  iron  by  this 
method,  the  folution  fhould  be  in  the  fulphuric 
or  muriatic  acids  and  not  the  nitrous,  for 
though  iron  will  equally  difplace  copper  from 
the  nitrous  as  from  the  other  acids,  the  nitrat 
of  iron  is  itfelf  largely  decompofed  by  mere 
heat  or  expofure  to  air,  and  lets  fall  a fully 
oxidated  iron,  which  in  this  cafe  mixes  with 
the  fine  fiiaments  of  the  reduced  copper,  and 
vitiates  the  refult  of  the  analyfis.  When,  there- 
fore, it  has  been  neceflary  to  employ  this  acid 
in  the  previous  part  of  the  analyfis,  the  metallic 
contents  fhould  either  be  firft  precipitated  by  an 
alkali  and  redifl'olved  in  muriatic  acid,  or  the 
2 T 
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nitric  folution  fhould  be  evaporated  to  drynefs, 
rediffolved  in  muriatic  acid,  and  again  dried 
and  moderately  heated  for  fome  time,  whereby 
the  nitrous  acid  is  expelled,  and  a metallic 
muriat  remains  for  further  treatment. 

Inftead  of  iron,  tin  or  efpecially  zinc  may 
be  ul'ed  as  the  precipitant  of  the  copper  from  its 
folution : thefe  a£t  more  fpeedily  and  with  equal 
certainty.  With  either  of  thefe  two,  as  their 
muriat  is  colourlefs,  the  total  abfence  of  the 
copper  (provided  iron  or  nickel  is  not  at  the 
fame  time  prefent)  is  feen  by  the  folution  be- 
coming entirely  void  of  colour. 

Mr.  Chenevix  has  alfo  remarked d a fingular 
circumftance  in  thefe  precipitations,  which  is, 
that  if  the  acid,  (particularly  the  muriatic)  be  in 
excefs,  a quantity  of  hydrogen  is  difengaged, 
as  occurs  in  the  common  folutions  of  thefe 
metals,  and  the  whole  of  the  copper  is  feparated 
in  a very  fhort  time.  With  muriat  of  copper, 
zinc,  and  an  excefs  of  muriatic  acid,  the  fe- 
paration  is  furprifingly  rapid,  and  much  advan- 
tage may  be  made  of  this  fact  in  the  analyfis  of 
copper  ores. 

It  is  to  be  obferved,  however,  that  zinc  will 
precipitate  iron  as  well  as  copper  from  its 
folutions,  but  fcarcely  any  of  the  iron  will  fe- 
parate  till  all  the  copper  is  precipitated.  Thus 
if  zinc  is  added  to  a mixed  folution  of  fulphat 
or  muriat  of  iron  and  copper,  the  firft  precipi- 
tate is  obvioufly  copper  and  little  elfe,  but  at  the 
time  when  the  folution  begins  fcarcely  to  turn 
blue  with  ammonia,  a black  powdery  oxyd  of 
iron  mixes  with  the  copper.  Even  if  no  iron  be 
contained  in  the  cupreous  folution,  if  there  is 
an  excefs  of  acid,  and  common  zinc  (which  al- 
ways contains  iron)  be  ufed,  fome  of  it  will  ftill 
appear  in  the  precipitate;  the  excefs  of  acid  ap- 
pearing firft  to  diflolve  both  the  zinc  and  iron, 
and  the  latter  being  again  feparated  by  the  zinc 
that  remains.  On  this  account,  perhaps,  iron 
is  a more  accurate  reagent  than  zinc  in  thefe 
analyfes.  As  the  muriat  of  copper  feems  to 
yield  its  metal  with  more  eafe  than  the  fulphat, 
it  might  perhaps  be  of  ufe  previoufly  to  convert 
the  fulphat  into  a muriat  by  the  addition  of 
common  fait.  The  colour  immediately  changes 
to  green,  which  is  a proof  of  this  change  of 
the  cupreous  fait. 

The  report  of  the  affay  will  probably  be  ftill 
more  accurate,  if  the  precipitated  copper,  after 
being  wafiied  and  dried,  inftead  of  being  im- 
mediately weighed,  is  put  into  a fmall  crucible, 
moiftened  with  a drop  or  two  of  oil,  covered 


with  borax,  and  ftrongly  heated  for  a few  mi- 
nutes whereby  it  becomes  a folid  button  of 
good  malleable  copper. 

The  fecond  ftate  is  that  of  the  green  carbonat. 
If  carbonated  potafli  or  foda  be  added  to  a fo- 
lution of  copper,  a green  precipitate  is  formed, 
which,  when  wafiied  and  dried  at  the  heat  of 
boiling  water,  gives  an  uniform  green  powder. 
Its  exact  nature  will  be  mentioned  when  de- 
fcribing  the  carbonat  of  copper,  but  it  may  be 
here  added,  that  180  parts  of  this  carbonat  are 
equivalent  to  ioo  of  metallic  copper,  and  may 
be  reckoned  as  fuch  in  all  analyfes.  But  as  the 
pure  fixed  alkalies  give  a precipitate  which  may 
occafionally  be  confounded  with  this  carbonat, 
this  method  of  eftimation  is  not  quite  fo  good 
as  the  following. 

The  third  ftate  in  which  copper  may  be  efti- 
mated  is  that  of  the  black  oxyd.  If  the  green 
carbonat  laft  mentioned  (and  it  need  not  be 
wafiied  with  particular  care  nor  dried)  be  boiled 
for  a few  moments  in  cauftic  potafli,  it  at  once 
flirinks  confiderablyand  becomes  a deep  brownilh 
black  fine  powder,  which  is  a pure  oxyd  of  cop- 
per in  its  higheft  ftate  of  oxygenation.  One 
hundred  parts  of  this  oxyd,  well  wafiied  and 
dried  in  a low  red  heat  for  a minute  or  two, 
invariably  contain  eighty  parts  of  pure  metallic 
copper.  The  ammoniated  copper  gives  the  fame 
oxyd  when  boiled  with  potafli. 

It  is  alfo  produced  at  once  by  adding  potafli 
or  foda  to  the  acid  folutions  of  copper,  and 
boiling  for  a minute  or  two  (which  laft  is  an  ef- 
fential  circumftance)  and  this  is  a better  method 
of  proceeding  in  analyfis,  fince  an  excefs  of  car- 
bonated alkali  will  rediffolve  a part  of  the  green 
carbonat,  and  vitiate  the  analyfis,  whereas  no 
fuch  effect  is  to  be  feared  from  an  excefs  of  the 
pure  fixed  alkalies  at  a boiling  heat. 

The  leading  fteps  of  the  a£tual  analyfes  of 
fome  of  the  principal  copper  ores  by  the  moft 
accurate  chemifts  may  now  be  given  in  a few 
words,  as  a fpecimen  of  the  mode  of  proceeding 
in  different  cafes. 

Of  the  ores  compofed  chief  y of  copper , irouy  and 
fulphur. 

The  vitreous  copper  ore  was  thus  analyfed 
by  Klaproth.  e 

To  200  grains  of  the  powdered  ore  muriatic 
acid  was  added  in  a boiling  heat,  which  had  no 
immediate  effeft,  but  on  dropping  in  a little 
nitrous  acid,  folution  began  with  violent  difen- 
gagement  of  nitrous  gas.  When  every  thing  folu- 
ble  was  taken  up,  the  folution  confifted  of  a clear 
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green  liquor  on  which  the  fulphur  was  floating. 
The  infoluble  part  amounted  to  38!  grains,  37 
of  which  were  diflipated  by  calcination  and  were 
fulphur,  leaving  i|  of  filex  behind.  The  fo- 
lution  was  divided  into  two  parts,  one  to  ascer- 
tain the  copper,  the  other  the  iron. 

Into  the  former  a bar  of  polilhed  iron  was 
immerfed,  and  by  reft  ySj  grains  of  copper 
were  precipitated.  The  other  half  was  fuper- 
faturated  with  ammonia,  which  firft  precipitated 
both  the  iron  and  copper,  and  then  rediflolved 
only  the  copper,  leaving  3 grains  of  ox  yd  of 
iron,  equal  to  2|  of  metallic  iron.  Hence  the 
iron,  copper,  filex,  and  fulphur  were  feparately 
eftimated.  The  copper  is  prefumed  to  be  in 
the  metallic  ftate  in  this  ore  on  account  of  the 
violent  evolution  of  nitrous  gas.  It  is  to  be 
obferved  that  by  a previous  trial  the  ore  was 
found  by  the  tefts  before  defcribed  to  be  free 
from  filver  and  lead,  that  is  by  giving  no  pre- 
cipitate either  with  muriat  of  foda,  of  fulphat 
of  foda. 

The  variegated  copper  ore  was  aflayed  by 
the  fame  eminent  chemift  in  nearly  the  fame 
manner.  On  account  of  its  colour  and  its 
making  much  lefs  effervefcence  with  nitric 
acid,  a portion  of  oxygen  is  fuppofed  to  be 
combined  with  it. 

The  fame  was  aflayed  in  the  dry  way  by 
being  mixed  with  one-fourth  of  its  weight  of 
charcoal  and  roafted,  then  mixed  with  a fourth 
of  colophony  or  rofin,  and  thrice  its  weight  of 
black  flux,  and  well  fufed.  The  refult  was  a 
button  of  copper,  but  10  per  cent,  lefs  than 
the  quantity  of  metal  obtained  in  the  moift 
way. 

The  yellow  htematitic  copper  ore  and  the 
rey  vitreous  ore  from  Cornwall,  were  analyfed 
y Mr.  Chenevix  f nearly  in  the  fame  manner 
as  above  defcribed,  only  the  whole  Solution  was 
fuper Saturated  with  ammonia,  and  the  copper 
Separated  from  the  ammoniated  Solution  by 
boiling  with  potafih,  in  the  form  of  the  black 
oxyd,  of  which  100  parts  were  eftimated  as 
equal  to  80  of  copper. 

Ore  of  Silvery  Copper,  Iron , Antimony  and 
Sulphur. 

Klaproth’s  analyfis  of  the  Fahlerz  s deferves 
a Ihort  notice  on  account  of  the  (kill  with  which 
it  was  managed. 

The  ore  was  firft  digefted  repeatedly  with 
nitric  acid,  which  difl'olved  Somewhat  lefs  than 
half.  From  the  Solution  muriat  of  foda  Sepa- 
rated Some  filver,  and  it  was  then  tried  for  lead 
by  fulphat  of  foda.  It  was  next  fuperfaturated 


with  ammonia  whereby  a precipitate  was  left, 
which  by  fubfequent  treatment  was  found  to 
confift  of  iron  with  a little  alumine  and  filex. 
The  ammoniated  Solution  which  now  only  con- 
tained copper,  was  fuperfaturated  with  fulphuric 
acid,  and  the  copper  Separated  by  iron. 

The  firft  refidue  untouched  by  the  nitric  acid 
(amounting  to  more  than  half  tire  ore)  was  then 
digefted  with  muriatic  acid,  which  difl'olved 
nearly  half,  leaving  a refidue  which  by  fub- 
fequent fufion  with  alkali  was  found  to  be  filex, 
ftill  holding  a minute  portion  of  filver.  The 
muriatic  Solution  was  evaporated,  during  which 
it  depofited  a few  fmall  cryftals  of  muriat  of 
filver,  after  which  water  was  added,  which 
Separated  an  abundant  white  oxyd,  w'hich  was 
found  by  various  trials  to  be  antimony. 

Oxyds  and  Carbonated  Oxyds  of  Copper. 

The  pureft  native  oxyd  of  copper  is  the  red 
obtohedral  ore  from  Cornwall.  This  appears 
to  confift  of  nothing  but  copper  and  oxygen, 
but,  according  to  Mr.  Chenevix,  h the  copper 
here  exifts  in  a lefs  ftate  of  oxygenation  than  in 
any  other  known  ore  of  this  metal. 

One  hundred  parts  were  totally  diflblved  in 
nitric  acid  with  copious  effervefcence  of  nitrous 
gas.  The  pure  blue  Solution  was  evaporated  to 
drynefs,  muriatic  acid  was  added,  and  a Second 
time  evaporated  to  expel  the  remaining  nitric 
acid,  and  convert  the  fait  to  a muriat.  This  latter 
diluted  with  water  gave  up  88.5  of  copper  to  a 
plate  of  iron  immerfed.  Hence  it  is  found  to 
confift  of  88.5  of  copper  and  11.5  of  oxygen. 
The  particulars  of  this  analyfis  will  be  further 
noticed  when  deferibing  the  oxyds  and  muriat 
of  copper. 

The  pure  carbonated  oxyds  of  copper  confift 
of  carbonic  acid,  oxygen,  copper  and  water. 
With  almoft  any  acid  they  effervefee  ftrongly, 
and  give  out  their  carbonic  acid. 

Fontana  was  the  firft  who  clearly  (hewed  the 
prefence  of  carbonic  acid  in  thefe  ores.  By 
diftilling  malachite  per  fe  in  a glafs  retort,  and 
colle&ing  the  produ&s,  he  obtained  Some  pure 
water,  and  a large  quantity  of  gas,  which  ex- 
tinguifhed  a candle,  precipitated  lime-water, 
and  by  various  tefts  was  found  to  be  carbonic 
acid. 

The  Siberian  malachite  analyfed  by  Klaproth 
will  furnifh  another  example  of  analyfis.  A 
hundred  grains  calcined  in  a moderate  red  heat 
in  a covered  crucible  loft  29-j,  which  therefore 
is  the  quantity  of  the  carbonic  acid  and  water. 
Another  100  grains  were  diflblved  in  dilute 
fulphuric  acid,  and  loft  by  effervefcence  18 
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grains,  which,  fubftra&ed  from  the  29I,  leaves 
1 1.5  for  the  water.  The  fulphuric  folution 
decompofed  by  metallic  zinc  gave  58  grains  of 
copper.  Another  portion  of  the  malachite  was 
diffolved  in  nitric  acid,  and  the  precipitate  by 
ammonia  was  entirely  rediffolved  by  an  excefs 
of  this  alkali,  (hewing  therefore  the  total  ab- 
fence  of  iron.  Laftly,  the  quantity  of  oxygen 
united  with  the  copper  is  inferred  to  be  that 
which  muft  be  added  to  the  58  and  29-5-  to  make 
up  the  100,  namely  12.5. 

The  native  carbonat  when  pure  has  precifely 
the  fame  compofition  as  the  artificial,  as  Prouft 
has  clearly  (hewn,  and  will  be  prefently  men- 
tioned. 

Arfeniat  of  Copper. 

The  compofition  of  the  different  fpecies  of  this 
family  of  copper  ores  as  far  as  it  is  hitherto  known, 
is  extremely  Ample,  the  ore  when  feparated  from 
its  matrix  containing  nothing  but  arfenic  acid, 
©xyd  of  copper,  water,  and  fometimes  a portion 
of  iron.  The  arfenic  acid  is  beft  eftimated  by 
uniting  it  by  ftronger  affinity  with  fome  other 
metal  where  it  makes  an  infoluble  fait  of  a 
known  and  invariable  compofition.  Lead  is  the 
beft  fitted  for  this  purpofe,  fo  that  when  the 
nitrat  or  acetite  of  lead  is  added  to  arfeniat  of 
copper,  a foluble  nitrat  or  acetite  of  copper  is 
formed,  together  with  a white  infoluble  precipi- 
tate of  arfeniat  of  lead.  By  preliminary  ex- 
periments Klaproth  found  that  100  grains  of 
(olid  arfenical  acid  gave  297  grains  of  folid  ar- 
feniat of  lead  after  moderate  drying,  and  hence 
too  grains  of  the  arfeniat  contain  33.66  of 
arfenic  acid.  ‘ 

For  the  analyfis,  the  ore  being  firft  diffolved 
in  nitric  acid,  the  folution  was  accurately  neu- 
tralized with  carbonated  potafh,  and  then  ace- 
tited  lead  was  added  till  all  precipitation  ceafed, 
a little  of  this  fait  remaining  in  excefs.  The 
precipitate  of  arfeniated  lead  when  waffied 
and  dried  indicated  the  proportion  of  arfenic 
acid  in  the  ore.  The  folution  now  contained 
acetic  and  nitric  acids,  united  with  oxyd  of 
copper  and  potaffi,  and  a little  acetited  lead  3 
from  which  the  lead  was  firft  feparated  by  ful- 
phat  of  foda,  that  precipitated  it  in  the  form 
of  an  infoluble  fulphat,  after  which  a little  ful- 
phuric  acid  was  added  to  engage  the  copper, 
and  this  metal  in  its  turn  was  feparated  by  po- 
Jilhed  iron  in  the  ufual  manner.  The  copper 
however  is  thus  obtained  in  the  metallic  (late, 
but  in  the  ore  it  is  an  oxyd,  and  therefore  one- 
fourth  of  the  weight  of  the  copper  muft  be 
added  for  oxygen,  that  is  (as  in  the  a£tual  ana- 
lyfis) for  40  parts  of  metallic  copper,  50  of  the 


oxyd  of  copper  muft  be  eftimated.  It  is  necef- 
fary  to  neutralize  the  nitrous  folution  at  firft, 
as  the  arfeniated  lead  is  very  foluble  in  acids, 
and  therefore  would  not  otherwife  be  properly 
colle&ed. 

Where  iron  is  fufpe&ed  in  the  ore,  the  fo- 
lution inftead  of  being  finally  precipitated  by 
polifhed  iron  may  be  decompofed  by  ammonia, 
and  the  copper  feparated  from  the  iron  by  an 
excefs  of  the  alkali. 

As  many  acids  form  a white  precipitate  with 
the  folutions  of  lead,  the  powder  in  queftion  is 
proved  to  be  arfeniat  of  lead  by  digefting  with 
fulphuric  acid,  which  difplaces  the  former  acid, 
and  leaves  it  uncombined  in  the  liquor;  and 
arfenic  acid  is  detected  by  various  methods 
mentioned  under  that  article,  particularly  by 
giving  a brick-red  precipitate  with  nitrat  of 
filver,  the  arfenic  acid  being  firft  neutralized 
with  foda. 

Mr.  Chenevix  analyfes  the  arfeniats  of  copper 
in  the  fame  general  way,  but  with  fome  vari- 
ations. 

The  ore  (previoufly  heated  moderately  to 
expel  and  eftimate  the  mere  water)  is  diffolved 
in  dilute  nitric  acid  and  nitrat  of  lead  poured 
in.  The  folution  (containing  an  excefs  of  acid 
and  therefore  holding  fome  of  the  arfeniated 
lead  diffolved)  is  then  evaporated  nearly  to  dry- 
nefs,  and  alcohol  added  to  compleat  the  fepa- 
ration  of  the  arfeniat  of  lead.  After  which  the 
copper  is  decompofed  by  potaffi,  and  is  obtained 
in  the  ftate  of  the  brown  oxyd. 

Muriat  of  Copper . 

The  compofition  of  this  fingular  ore,  found 
hitherto  only  in  Peru,  was  afeertained  nearly  at 
the  fame  time  by  Prouft,  and  by  Rochfoucault, 
Beaume,  Fourcroy  and  Berthollet,  a committee 
nominated  for  the  purpofe  by  the  French  Aca- 
demy. The  experiments  are  inftrudbive. 

The  ore  thrown  on  hot  coals  burns  with  a 
beautiful  blue  and  green  flame,  whereas  mala- 
chite, which  it  molt  refembles  in  appearance, 
gives  only  a faint  green  flame.  Diftilled  per  fet 
malachite  gives  no  other  volatile  produft  than 
carbonic  acid  and  water ; whereas  the  muriat 
gives  in  the  fame  procefs  a-quantity  of  oxygen  gas 
with  only  a very  fmall  proportion  of  carbonic 
acid,  and  a green  liquor  ftrongly  fmelling  of 
muriatic  acid  and  proved  to  contain  copper  by 
giving  a fine  blue  with  ammonia.  The  refidue 
in  the  retort  was  a brown  oxyd  of  copper.  This 
when  expofed  to  air  turns  green,  (hewing  there- 
fore that  it  is  not  a Ample,  but  a muriated  oxyd. 
Part  of  the  muriat  of  copper  therefore  is  vola- 
tilized, as  it  is  well  known  that  this  fait  readily 
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rifes  in  diftillation.  The  muriatic  acid  however 
is  wot  fufficient  in  this  ore  to  faturate  the  oxyd 
of  copper,  and  hence  by  fimple  boiling  in  water 
only  a fmall  portion  is  difiolved,  which  gives 
luna  cornea  with  nitrat  of  filver. 

This  ore  was  analyzed  by  Klaproth  in  the 
following  fimple  manner,  its  general  contents 
having  been  afcertained  by  the  above-mentioned 
experiments.  One  hundred  grains  of  the  ore 
were  difiolved  in  nitric  acid  without  heat,,  during 
which  about  14  of  iron  ochre  was  depofited. 
It  was  then  diluted  and  nitrat  of  filver  added  to 
afcertain  the  quantity  of  lunea  cornea.  Of  this 
laft,  644  grains  were  obtained,  of  which  10 
grains  were  muriatic  acid,  according  to  feparate 
experiments  by  which  it  appears  that  100  grains 
of  filver  form  133  of  luna  cornea,  and  of  the 
33  grains  additional  weight,  12.4-  are  oxygen, 
and  20-5-  muriatic  acid.  The  copper  was  then 
precipitated  as  ufual  by  iron,  and  weighed  574- 
grains  in  the  metallic  Hate,  equal  to  73  of  the 
brown  oxyd.  Klaproth  does  not  confider  the 
iron  however  as  effential  to  the  ore,  and  there- 
fore excludes  it  from  the  eftimate. 

Phofphat  of  Copper. 

This  rare  mineral  was  analyzed  by  Klaproth 
in  the  following  way.  It  was  firfb  difiolved  in 
nitric  acid,  which  made  a clear  blue  folution, 
leaving  untouched  16  parts  out  of  100,  which 
were  quartz.  The  folution  was  then  juft  fatu- 
rated  with  potafh  to  engage  any  excefs  of  nitric 
acid,,  and  acetited  lead  was  then  added,  which 
gave  a copious  white  precipitate,  and  a fmall 
excefs  of  the  acetite  was  ufed  to  enfure  the 
compleat  precipitation.-  This  white  infoluble 
fait  from  appearance  might  be  either  fulphat, 
or  arfeniat,  or  muriat,  or  phofphat  of  lead,  but 
it  was  proved  to  be  the  latter  by  the  two  fol- 
lowing tefts:  ift.  when  fufed  by  the  blowpipe, 
in  the  moment  of  cooling  it  aflumed  a garnet- 
like form  with  Ihining  furfaces,  which  fudden 
cryftallization  is  peculiar  to  phofphat  of  lead ; 
and  2dly,  when  digefted  with  dilute  fulphu- 
ric  acid,  fulphat  of  lead  was  formed,  and 
naked  phofphoric  acid  remained  in  the  liquor, 
which  being  neutralized,  partly  by  foda  and 
partly  by  ammonia,  gave  the  well-known  micro- 
cofmic  fait.  The  native  phofphoric  acid  was' 
therefore  feparated  from  the  copper  in  this  ana- 
lyfis,  and  from  100  grains  (exclufive  of  the 
quartz)  138  grains  of  phofphat  of  lead  were 
formed,  the  phofphoric  acid  of  which  was  efti- 
mated  from  other  experiments  to  amount  to 
30.95  grains.  The  cupreous  folution  was  then 
treated  with  a little  fulphat  of  foda,  to  feparate 
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the  lead  from  the  excefs  of  the  acetite  remain- 
ing;; fome  naked  fulphuric  acid  was  then  added, 
and  the  copper  was  feparated  by  iron  in  the 
metallic  ftate,  which  (increafed  in  the  proportion 
of  125  to  100),  was  found  equal  to  68.13  of 
oxyd  of  copper. 

The  above  analyfes  include  almoft  all  the 
important  ores  of  copper,  except  thole  in  which 
it  is  combined  with  tin,  which  will  be  treated 
of  under  that  metal..  It  may  be  mentioned 
however  that  the  molt  accurate  way  of  fepa- 
rating  copper  from  tin  appears  to  be  to  immerfe 
in  a folution  of  both  metals  a ftick  of  tin,  which 
will  precipitate  all  the  copper,  whilft  the  lofs  of 
weight  of  the  immerfed  tin  fubtratfted  from  the 
entire  quantity  of  tin  afterwards  obtained  from 
the  folution,  will  indicate  the  quantity  of  tin 
belonging  to  the  ore. 

To  proceed  to  the  properties  of  pure  copper. 

Copper  is  a metal  of  a brownifh  red  colour, 
very  ductile,  malleable,  and  tenacious,  fo  as 
readily  to  be  flattened  into  thin  plates,  and  to  be 
drawn  out  into  wire-  of  great  ftrength  compa- 
ratively to  its  thicknefs,  more  fo  (according  to 
Count  Sickingen)  even  than  gold.  It  breaks  with 
a hackly  fra&ure.  When  rubbed,  it  emits  a dif- 
agreeable  fmell,  and  it  gives  a ftyptic  and  nau- 
feous  tafte.  The  fpecific  gravity  of  the  pureft: 
Swedifh  copper  is  8. 895*%  that  of  the  better 
kinds  met  with  in  commerce  but  of  lefs  purity 
than  the  former,  varies  from  this  weight  to 
about  8.6.  The  Japanefe  copper  is  found  by 
Bergman  to  be  9.0. 

, Copper  requires  for  fufion  what  is  commonly 
called  a white  heat,  which  is  apparently  not 
more,  however,  than  is  required  to  melt  gold  or 
filver.  Before  it  melts,  it  fhews  on  its  furface 
changeable  prifmatic  colours.  When  in  fufion, 
or  even  at  a heat  fomewhat  below,  if  with  accefs 
of  air,  it  begins  to  oxidate  on  the  furface  form* 
ing  thin  brown  feales.  Thefe  may  readily  be 
knocked  off  when  cold,  and  are  then  very  brittle. 
This  is  an  imperfedt  oxyd  of  copper,  formerly 
called  copper  cfJoes,  as  u/lurit,  or  cinis  aris,  and  by 
repeatedly  heating  and  cooling  a bar  of  this 
metal,  the  whole  may  be  thus  changed.  Thefe 
feales  are  found  by  Prouft1  to  confift  of  about 
62  of  the  black  or  compleat  oxyd,  and  38  of 
copper  nearly  metallic.  Dilute  fulphuric  acid 
afeertains  this  by  diflolving  (when  without  heat) 
only  the  former  part.  By  feparate  calcination 
the  whole  is  reducible  into  the  black  oxyd, 
which  weighs  one-fourth  more  than  the  copper 
from  which  it  is  procured.  When  intensely 
heated  the  oxyd  runs  into  a bright  red-brown. 
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■glafs.  At  a heat  fomewhat  above  melting,  a 
blue-green  flame  hovers  on  the  oxidated  furface 
of  the  metal,  which  is  hill  more  vifible  when 
the  oxyd  is  thrown  on  the  naked  coals,  and  is 
moh  intenfely  bright  and  beautiful  when  copper 
wire  is  burned  by  a hrong  galvanic  pile. 

The  fame  colour,  with  fome  variation  of 
fhade,  is  alio  produced  by  all  the  falts  of  copper 
when  in  contadl  with  any  burning  combuftible, 
thus  they  tinge  the  flame  of  alcohol  very  beau- 
tifully. The  nitrat  or  muriat  fliews  this  to  the 
beh  advantage.  The  flame  of  burning  copper 
depofits,  though  fcantily,  a fine  greenifh-grey 
oxyd,  and  hence  it  gradually  collects  as  a kind 
of  foot  in  the  chimneys  of  copper-fmelting 
houfes. 

Copper  foon  ruhs  in  a damp  air,  and  becomes 
covered  with  a fine  green  cruft,  which  alfo  con- 
tains carbonic  acid.  But  this  fuperficial  coating 
long  preferves  the  reft  of  the  metal  beneath,  and 
hence  it  is  the  work  of  a great  length  of  time,  and 
of  circumftances  very  unfavourable  to  preferva- 
tion,  to  corrode  entirely  a thick  plate  of  this 
metal.  '¥ira,:er  proje&ed  on  white-hot  copper 
does  not  oxydate  it,  as  it  does  iron,  and  no  hy- 
drogen is  produced  thereby. 

Except  in  one  or  two  rare  combinations,  cop- 
per appears  to  unite  very  uniformly  with  the 
fame  dofe  of  oxygen,  forming  (when  free  from 
water  and  every  other  fubftance)  a brownifh- 
black  oxyd,  of  which  20  per  cent,  or  one-fifth, 
is  oxygen,  and  the  remainder  is  metal.  This 
oxyd,  as  already  mentioned  in  the  analyfisof  the 
ores,  is  invariably  produced  by  boiling  for  a very 
fhort  time  in  potafh  any  of  the  precipitates  from 
the  cupreous  falts  by  any  alkali,  pure  or  carbo- 
nated, or  the  ammoniated  folution  of  copper. 
The  fub-oxyd  will  be  defcribed  with  the  muriat. 

Copper  or  its  oxyd  is  foluble  in  almoft  every 
acid  with  more  or  lefs  eafe.  Many  of  tlrefe 
falts  are  of  confiderable  importance. 

Sulphuric  acid  a£ts  upon  copper  only  when 
concentrated  and  with  the  afliftance  of  heat. 
For  this  purpofe  take  copper-filings  or  clippings 
of  thin  fheet  copper,  put  them  into  a glafs  vefl'el 
with  about  twice  their  weight  of  fulphuric 
acid,  and  heat  the  mixture.  As  foon  as  folution 
begins,  much  fulphureous  acid  gas  is  given  out 
(which  is  a very  convenient  way  of  procuring 
this  gas),  and  at  laft  the  whole  is  diflolved  into 
a dark  coloured  liquor,  except  a fmall  quantity 
of  black  refidue,  which  is  the  fulphuret  contained 
more  or  lefs  in  all  common  copper.  By  dilution 
with  water  the  liquor  becomes  of  a fine  blue. 

This  folution,  by  due  evaporation  and  cooling, 
furniftjes  cryftals  alfo  of  the  fame  colour,  and 


when  regular  (which  they  very  feldom  are)  of  a 
rhomboidal  fhape,  forming  the  fulphat  of  cop- 
per, or  blue  or  Roman  Vitriol  of  the  {hops. 

Blue  vitriol  is  alfo  found  native  in  abundance, 
partly  cryftallized,  but  generally  diflolved  in  the 
water  of  copper  mines.  Here  it  is  produced  by 
the  decompofition  of  the  native  copper  pyrites 
in  the  fame  maner  that  the  native  fulphat  of 
iron  arifes  from  decompofed  iron  pyrites. 

Sulphuric  acid  diffolves  the  oxyds  of  copper 
with  eafe  even  in  the  cold,  and  when  diluted. 
The  green  carbonated  oxyd  is  the  moft  foluble 
in  this  acid. 

Sulphat  of  copper  has  a very  ftrong  ftyptic, 
fomewhat  acid,  and  nauleous  tafte.  It  is  foluble 
in  about  four  times  its  weight  of  water.  When 
dried  at  a moderate  heat,  not  exceeding  that 
of  boiling  water,  this  fait  lofes,  according  to 
Prouft,  about  36  per  cent,  which  is  mere  water, 
after  which,  the  refidue,  which  is  a white 
powdery  mafs,  is  equally  again  foluble  and 
cryftallizable.  But  if  it  is  calcined  with  a ftrong 
heat  the  acid  itfelf  is  at  laft  expelled,  but  without 
decompofition,  (being  wholly  fulphuric  and  not 
in  part  fulphureous  acid,  as  in  the  calcination  of 
fulphat  of  iron)  and  a further  lofs  of  33  on  the  100 
of  the  cryftallized  fait  takes  place.  The  remainder 
after  being  kept  fome  time  in  a low  red  heat  to 
expel  all  the  acid,  is  the  perfett  black  oxyd  of 
copper  weighing  32  parts,  one-fifth  of  which  is 
oxygen  and  the  remainder  copper.  Hence  xoo 
parts  of  this  fait,  according  to  Prouft,  confift  of 
Copper  25.6  \ forming  "I 
Oxygen  6.4  / Black  Oxyd  j 3 ,0 
Sulphuric  Acid  . . 32. 

Water  ....  3 6. 


100.0 


Bergman  alfo  reckons  2 6 per  cent  of  copper 
in  this  fait,  but  only  28  of  water  and  46  of  acid. 

Prouft  alfo  deferibes  a fub-fulphat  of  copper,  or 
with  a lefs  quantity  of  acid.  To  procure  it,  add 
potafh  to  a folution  of  the  common  fulphat,  but 
not  enough  to  precipitate  the  whole  of  the  metal- 
lic oxyd.  A green  precipitate  then  appears,  which 
is  the  fub-fulphat  in  queftion.  If  faturated 
with  the  alkali  the  precipitate  is  blue , and  is  of 
a different  nature,  confifting  of  a Angular  com- 
pound of  oxyd  of  copper  with  water,  called  by 
the  fame  eminent  chemift  hydrat  of  copper , which 
will  be  prefently  mentioned. 

The  fub-fulphat  lofes  by  diftillation  only  14 
per  cent,  of  water.  The  refidue  boiled  with 
cauftic  potafh  gives  68  of  the  black  oxyd, 
whence  its  component  parts  are 
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Copper  54.4 1 
Oxygen  13.6  J 

> 68.0 

Water  . 

14. 

Sulphuric  Acid 

18. 

100.0 

Sulphat  of  copper  is  of  courfe  decompofed 
by  all  the  alkalies  pure  or  carbonated.  If  a 
folution  of  blue  vitriol  is  poured  into  liquid 
potalh,  or  if  the  latter  is  added  to  the  former  to 
compleat  faturation,  a blue  precipitate  falls  down, 
which,  when  thoroughly  walhed  with  much 
boiling  water,  gives  that  peculiar  combination 
firft  difcovered  by  Prouft,  and  called  by  him 
Hydrat  of  Copper. 

This  fubftance  when  dried  at  a heat  not  above 
that  of  boiling  water,  has  not  exa£Uy  the  confift- 
ence  of  a powder, but  rather  that  of  Pruffian  blue. 
With  a heat  fomewhat  higher  it  (brinks  and 
gradually  becomes  converted  to  the  black  oxyd. 
By  dry  diftillation  it  is  found  to  lofe  in  its  paf- 
fage  to  the  ftate  of  black  oxyd  24  per  cent,  of 
its  weight,  which  is  nothing  but  water,  and 
about  1 of  carbonic  acid,  which  laft  it  appears 
to  abforb  from  the  air  in  drying,  and  75  parts 
of  the  black  oxyd  remain.  If  this  laft  is  again 
moiftened  with  water  it  does  not  return  again 
to  the  ftate  of  hydrat,  nor  afiume  any  other  but 
the  brownilh  black  colour  of  the  pure  oxyd. 
Hence  it  appears  that  the  hydrat  is  a true  che- 
mical combination  of  about  3 parts  of  oxyd  of 
copper  with  one  of  water,  and  as  Mr.  Chenevix 
has  well  obferved,  enters  as  fuch  into  the  com- 
pofition  of  the  cupreous  falts.  Therefore  ful- 
phat  of  copper  (for  example)  might,  with  more 
propriety  be  faid  to  be  thus  compofed. 

Copper  25.6'!  forming  f 
Oxygen  6.4  S-  Hydrat  < 42.6 

Water  10.6  J of  Copper 
Sulphuric  Acid  . 32.0 

Water  of  Cryftallization  25.4 


100.0 


The  hydrat  is-  ftill  better  formed  from  the 
nitrat  by  the  addition  of  potafh,  and  alfo  from 
all  the  other  cupreous  falts.  In  all  cafes  its 
water  is  feparated  either  by  heat,  or  by  polling 
with  potafh. 

Sulphat  of  copper  is  decompofed  by  double 
afhnity  by  many  other  falts.  With  common 
fait,  muriat  of  copper  is  formed,  and  this  is 
feen  at  once  by  the  change  of  colour  of  the 
folution  from  blue  to  green.  Sulphat  of  copper 


and  acetite  of  lead  produce  the  acetite  of  copper, 
and  this  is  a convenient  method  of  preparing 
this  fait  as  will  be  further  mentioned. 

Copper  unites  readily  with  carbonic  acid, 
and  this  combination,  like  the  former,  is  alfo' 
found  largely  in  nature,  the  analyfis  of  which 
has  already  been  noticed.  Whenever  copper  is 
expofed  to  a damp  confined  air  it  readily  rufts, 
and  the  green  cruft  formed  on  its  furface  is  alfo 
a carbonated  oxyd.  But  the  readied:  way  of 
producing  the  carbonats  artificially,  is  by  adding 
a carbonated  alkali  to  the  fulphat,  nitrat,  or  any 
other  acid  fait  of  copper.  A very  copious  bulky 
green  precipitate  is  colle&ed,  which,  well 
wafhed,  and  gently  dried,  forms  a beautiful 
apple-green  powder  often  ufed  as  a pigment  in 
various  forms.  A hundred  parts  of  copper 
dilTolved  in  any  acid,  and  precipitated  by  carbo- 
nated potafh  or  foda,  produce  invariably  180  of 
the  green  carbonat,  dried  at  a boiling-water 
heat.  This  carbonat  diftilled  without  addition 
with  a heat  gradually  increafed  to  rednefs, 
gives  out  10  parts  of  water,  and  46  of  carbonic 
acid,  and  at  laft  125  parts  of  the  black  oxyd 
remain  in  the  retort,  which  quantity  (as  already 
mentioned)  is  precifely  that  which  is  left  when 
the  green  carbonat  is  boiled  with  potafh,  and  is 
therefore  alfo  equal  to  100  of  metallic  copper. 
To  preferve  the  uniform  green  colour,  for  which 
the  carbonat  is  valued,  it  fhould  be  repeatedly 
wafhed  with  boiling  water,  the  heat  appearing 
to  increafe  the  denfity  of  the  precipitate,  and 
of  courfe  the  body  of  colour.  An  excefs  of 
the  carbonated  alkali  rediffolves  part  of  the  car- 
bonated oxyd. 

When  the  hydrat  of  copper  is  gently  heated 
with  a folution  of  carbonat  of  potafh  fuperfatu- 
rated  with  carbonic  acid,  a part  is  diflblved, 
forming  a greenifh-blue  liquor™,  whilft  the  re- 
fidue  remains  at  the  bottom,  of  a colour  ap- 
proaching to  that  of  the  black  oxyd.  The 
folution,  flowly  evaporated,  yields  a fingular 
fait,  being  a carbonat  of  potafh,  holding  no  more 
than  5 per  cent  of  oxyd  of  copper,  and  43  of 
carbonic  acid.  It  is  (lightly  deliquefcent  and 
cryftaHizable.  A fimilar  fait,  but  with  the  bafis 
of  foda,  is  formed,  when  carbonat  of  foda  is 
ufed. 

Copper  diflolves  in  nitric  acid  with  extreme 
eafe,  when  moderately  diluted,  and  even  in  the 
cold.  Much  heat  is  excited,  and  if  the  folution 
goes  on  vigoroufly,  a torrent  of  Nitrous  Gas  is 
given  out  (which  indeed  is  one  of  the  moft  con- 
venient modes  of  procuring  this  gas)  at  the  fame 
time  that  the  folution  becomes  of  a deep  blue. 
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The  oxyds  of  copper  diflolve  equally  In  nitric 
acid,  but  without  the  produ£lion  of  gas.  When 
the  folution  is  haftily  evaporated  to  a certain 
point,  and  fuffered  to  cool,  it  congeals  into  a 
deep-blue  faline  mafs,  which  again  redifiolves 
fpontaneoufly,  if  kept  expofed  to  air.  A flow 
careful  evaporation  gives  this  fait  in  the  form 
of  fix-fided  prifms,  but  very  deliquefcent  and 
intenfely  acrid.  If  this  blue  nitrat  be  evaporated 
beyond  the  point  at  which  it  would  cryftallize 
when  cold,  nitrous  gas  comes  over,  and  a green 
fcaly  concretion  begins  to  feparate  from  the 
thick  blue  liquor,  and  incrufts  the  infide  of  the 
retort.  If  the  diftillation  is  here  flopped,  this 
green  concrete  may  be  feparated  by  water  which 
diflolves  only  the  ftill  undecompofed  blue  nitrat, 
and  does  not  touch  the  other.  Prouft  conflders 
this  green  fubftance  as  a fub-nitrat  of  copper,  or 
having  a deficiency  of  acid,  to  which  it  owes  its 
infolubility  in  water,  hot  or  cold,  and  its  pecu- 
liar properties.  It  is  proved  to  be  ftill  a nitrat, 
by  giving  out  this  acid  when  the  fulphuric  is 
added.  By  thorough  calcination  all  the  acid 
and  water  are  expelled,  and  the  black  oxyd  of 
copper  alone  remains,  which  weighs  exadlly 
125  parts  when  roo  of  reguline  copper  have 
been  ufed,  and  therefore  is  precifely  fimilar  to 
the  black  oxyd  left  by  boiling  any  cupreous 
folution  with  potafh,  fo  often  mentioned.  The 
fame  chemift  gives  the  following  proportions  of 
the  fub-nitrat. 

Black  oxyd  of  copper  6 7 
Nitric  acid  . 16 

Water  . . 17 


100. 


The  blue  or  perfect  nitrat  on  the  other  hand 
contains  only  27  per  cent,  of  the  black  oxyd. 

The  nitrat  of  copper  is  very  foluble  in  alcohol. 
This  fait  burns  with  a remarkably  fine  blue- 
green  flame  when  thrown  on  burning  charcoal. 

The  decompofition  of  this  nitrat  by  tin  is  fo 
violent  and  rapid,  as  in  certain  circumftances  to 
produce  adlual  combuftion.  This  forms  an 
amufing  experiment,  firft  noticed  by  Dr.  Hig- 
gins, and  is  thus  performed.  Spread  out  a piece 
of  tin-foil  the  fize  of  half  a fheet  of  paper,  lay 
on  the  middle  a fmall  heap  of  the  folid  blue 
nitrat,  a little  moiftened,  and  over  it  a few  fila- 
ments of  tow,  then  double  up  the  tin-foil  round 
it  on  all  fides,  twilling  it  as  tight  as  may  be 
without  breaking.  In  a very  fhort  time  it  will 
feel  burning  hot,  fmall  bubbles  of  the  blue 
liquor  will  be  feen  oozing  through  the  foil,  and 


foon  a copious  ftream  of  nitrous  gas  will  fhoot 
out  from  the  different  openings,  attended  with 
minute  flafhes  of  light  and  deflagration.  A 
little  fprinkling  of  water  will  aflift  the  effedl. 

A fine  blue  pigment  is  prepared  from  nitrat 
of  copper,  called  Verditer  ( Cendres  Blues  Fr.) 
It  is  made  in  quantity,  chiefly,  if  not  entirely, 
by  the  refiners,  who,  after  the  procefs  of  fepa- 
rating  gold  from  filver  by  aqua-fortis,  recover 
the  filver  from  its  folution  by  means  of  copper, 
and  thus  leave  a refidue  of  nitrat  of  copper. 
This  folution  decompofed  by  lime,  the  particular 
mode  of  which  is  kept  a fecret,  made  up  into 
cakes,  and  dried  gently,  forms  the  beft  kind  of 
verditer.  The  refearch  made  into  the  nature  of 
this  valuable  pigment  by  Pelletier,"  is  interefting 
in  a chemical  point  of  view. 

The  analyfis  of  this  pigment  gave  the  follow- 
ing particulars : it  was  totally  foluble  in  nitric 
and  muriatic  acids  with  much  effervefcence  of 
Carbonic  acid  : when  diftilled  without  addition, 
600  grains  loft  200  grains,  and  gave  2 (French) 
pints  of  gas  almoft  totally  carbonic  acid,  toge- 
ther with  a fmall  portion  of  water.  The  lofs  on 
1 00  grains  is  therefore  3 3-5-,  of  which  the  author 
of  the  experiment  reckons  30  grains  to  be  car- 
bonic acid,  and  the  remaining  3^  to  be  water. 
The  calcined  refidue  was  a black  fubftance, 
which  was  fufed  with  a reducing  flux,  left  a but- 
ton of  pure  copper,  and  (making  fome  allowance 
for  the  lofs  by  this  mode  of  reduction)  was  efti- 
mated  to  amount  to  50  per  cent,  of  the  original 
verditer.  By  the  feparate  treatment  of  another 
portion  by  fulphuric  acid,  fulphat  of  lime  was 
produced,  the  earth  of  which  amounted  to  7 
grains  from  100  of  the  verditer.  Confequently 
there  remains  9-3-  to  compleat  the  100,  which  is 
eftimated  to  be  oxygen.  Pelletier  therefore 
gives  the  following  rel'ult  from  his  analyfis. 

grains 

Carbonic  acid  . 30. 

Water  . 3 -j 

Lime  . 7 

Copper  . 50 


9°  T 

Remains  for  oxygen  9 f 


100. 


It  is  obvious  however  that  there  muft  be  a 
great  error  in  this  eftimation  in  the  very  fmall 
quantity  of  water  allowed,  fince  it  is  fliewn  by 
Prouft,  and  fince  by  other  chemifts,  that  in  all 
the  blue  or  green  l'alts  of  copper,  a large  quan- 
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tlty  of  water  remains  in  their  compofitions,  and 
is  expelled,  when  by  calcination  the  cupreous 
fait  is  converted  to  the  black  or  brown  oxyd  as 
was  the  cafe  in  this  inftance.  It  is  fortunate 
that  the  experimenter  himfelf  enables  us  to 
correct  the  error,  (which  is  merely  that  of  com- 
putation) without  obliging  us  to  impeach  the 
accuracy  of  fo  excellent  a chemift.  From  the 
facts  given,  therefore,  we  may  fafely  correct  the 
refults  in  the  following  manner. 

The  button  of  copper  actually  obtained  from 
the  refidue  was  in  the  proportion  of  49  per  cent, 
of  the  verditer,  which  (confidering  the  unavoid- 
able lofs  by  faline  fluxes)  may  fairly  be  taken, 
with  the  author,  at  50. 

Fifty  grains  of  copper  require  12.5  of  oxygen 
to  be  reduced  to  the  ftate  of  the  black  oxyd, 
which,  as  we  have  already  feen,  is  the  degree  of 
oxygenation  in  which  the  metal  exifts  in  the 
nitrat.  This  again  (according  to  Prouft)  would 
require  20.8  of  water  to  bring  it  to  the  ftate  of 
hydrat.  But  it  is  alfo  clear  that  the  weight  of 
carboniG  acid  is  much  over-rated  through  fome 
Angular  overflight.  The  quantity  adtually  ob- 
tained from  600  grains  of  verditer  was  about  2 
French  pints,  the  weight  of  which,  according 
to  Lavoifier,  would  be  only  66  French  grains, 
and  confequently  100  grains  would  yield  only 
11  of  this  acid.  The  quantity  of  water  was 
obvioufly  only  eftimated  at  random.  The  cor- 
re£ted  refult  therefore  of  Pelletier’s  experiments 
would  be, 

grains 

Copper  . 50.  'I 

Oxygen  12.5  > 83.3  Hydrat  of  Copper 
Water  . 20.8  J 

Lime  . . 7. 

Carbonic  acid  . 11. 


io*-3 

which  correfponds  very  clofely  with  the  quan- 
tity analyzed.  It  may  be  added,  however,  that 
a very  great  difference  in  the  proportion  of  in- 
gredients is  found  in  the  different  forts  of 
verditer.  The  above  analyfis  is  of  the  beft  fort. 

The  fame  chemift’s  experiments  on  the  com- 
pofition  of  this  curious  colouring  matter  are 
equally  interefting.  The  precife  difficulty  appears 
to  be  to  preferve  the  blue  colour,  and  prevent  it 
from  acquiring  the  {hade  of  green,  which  pro- 
perly belongs  to  the  carbonats  of  copper.  If 
nitrat  of  copper,  or  any  other  cupreous  folution 
is  precipitated  by  a carbonated  fixed  alkali,  the 
colour  is  a deep  apple-green.  This,  when 
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rubbed  with  lime,  affumes  a fine  blue  at  firfl, 
but  by  deficcation  it  again  returns  to  nearly  its 
original  green.  It  appears  necefiary,  therefore, 
to  ufe  lime  as  the  precipitant  in  the  firft  inftance, 
and  not  a carbonat,  but  here  alfo  M.  Pelletier 
found  by  varied  trials  that  the  precipitate  was  at 
once  blue  when  fomewhat  more  lime  was  added 
than  was  necefiary  entirely  to  decompofe  the 
nitrat,  but  when  the  ingredients  approached  to 
mutual  faturation,  or  efpecially  if  the  cupreous 
folution  was  in  excefs,  the  colour  became  green. 
This  laft  however  became  blue  by  a frefli  addi- 
tion of  lime,  and  in  this  method  he  propofes  to 
make  the  colour,  as  follows : add  lime  to  a 
dilute  nitrat  of  copper,  juft  or  hardly  fufficient 
to  decompofe  the  whole.  This  gives  a greenifh 
precipitate,  which  fhould  be  well  wafhed  and 
nearly  dried  on  a cloth  ftrainer.  Then  rub  it 
with  a frefh  portion  of  lime,  from  8 to  10  per 
cent,  of  its  weight,  which  will  immediately 
give  it  a fine  and  permanent  blue,  and  dry  it 
flowly.  The  precife  quantity  of  lime  and  pre- 
cipitate muft  be  determined  by  experience,  and 
by  the  {hade  of  colour  produced  during  the 
mixture,  obferving  that  lime  will  heighten  the 
blue,  and  the  green  precipitate  will  foften  it. 

The  Muriatic  acid  diffolves  copper  with  diffi- 
culty, except  when  concentrated  and  boiling, 
when  hydrogen  gas  is  given  out ; but  its  oxyds 
with  much  more  eafe,  particularly  the  green 
watery  oxyd.  Thus  if  plates  or  fhreds  of 
copper  be  only  moiftened  with  muriatic  acid, 
and  expofed  to  the  air,  the  furface  very  fpeedily 
becomes  covered  with  a green  muriated  oxyd, 
which  a frefh  quantity  of  the  acid  of  very  mo- 
derate ftrength  will  eafily  diffolve ; and  by  re- 
peating the  procefs,  a very  ftrong  folution  may  be 
made.  This  folution,  when  hot,  or  very  highly 
concentrated,  is  brown,  but  by  dilution  becomes 
grafs-green.  By  careful  evaporation  and  cool- 
ing the  fair  cryftallizes  in  rhomboidal  prifmatic 
parallelipipeds,  with  fome  varieties,0  or  when 
more  haftily  conduced,  in  feathery  cryftals. 
Thefe  are  commonly  deliquefcent,  but  when 
both  the  copper  and  the  acid  are  free  from  iron 
they  are  permanent.15  This  fait  is  very  foluble 
in  water  and  alcohol.  The  latter  takes  up  its 
own  weight  when  boiling,  and  part  feparates 
again  in  very  perfedl  cryftals.  The  compofition 
of  this  cryftallized  fait  is  thus  given  by  Prouftq. 
Black  oxyd  of  copper  40 
Muriatic  acid  . 24 

Water  . . 36 

1 00. 
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The  quantity  of  muriatic  acid  was  deter- 
mined by  nitrat  of  filver.  The  watery  folution 
of  muriated  copper,  when  fufficiently  dilute, 
makes  a kind  of  fympathetic  ink,  which  is 
colourlefs  in  the  cold,  becomes  yellow  by 
warming,  and  again  lofes  its  colour  on  cooling/ 
Chemiftry  is  further  indebted  to  the  ingenious 
refearches  of  Prouft  for  the  difcovery  of  another 
fpecies  of  muriat  of  copper,  in  which  the  metal 
appears  to  be  lefs  oxydated  than  in  that  already 
defcribed,  which  makes  a nearly  colourlefs  folu- 
tion, and  when  folid  is  of  a greyifh-white.  It 
is  therefore  termed  for  diftin&ion  the  white 
muriat  of  copper,  and  was  firft  noticed  in 
inveftigating  the  remarkable  difoxydaling  pro- 
perties of  the  muriat  of  tin.* 

Moll  of  the  falts  of  copper,  and  the  muriat 
in  particular,  if  combined  with  muriat  of  tin 
recently  made,  undergo  a remarkable  change. 
The  latter  fait,  on  account  of  its  extreme 
attraction  for  oxygen,  robs  the  cupreous  fait  of 
a portion,  and  reduces  it  to  the  ftate  of  a mu- 
riated oxyd  which  collects  at  the  bottom  of  the 
veffel,  and  is  white  at  firft,  but  by  expofure  to 
light  paffes  to  the  different  fhades  of  blue,  violet 
and  black.  In  this  ftate  it  melts  in  the  fire 
like  luna  cornea.  This  white  muriat  (or  more 
properly  muriated fub-oxyd ),  if  heated  with  mu- 
riatic acid,  diffolves  therein,  and  cryftallizes, 
by  cooling,  in  tetahedrons.  With  nitric  acid, 
fome  nitrous  gas  is  given  out,  as  with  reguline 
copper  and  this  acid,  which  fhews  that  the  fub- 
oxyd  decompofes  a portion  of  the  acid  in  order 
again  to  faturate  itfelf  with  oxygen.  The 
folution  is  nitro-muriat  of  copper.  Another 
remarkable  character  of  this  white  muriat  is, 
that  when  diffolved  in  ammonia  it  is  not  at  firft 
blue,  as  all  the  other  ammoniated  folutions  of 
copper  are,  but  quite  colourlefs,  as  long  as  kept 
from  the  external  air. 

The  white  muriat  formed  as  above  men- 
tioned by  the  folution  of  tin,  when  analyzed  by 
folution  in  nitric  acid,  precipitation  by  nitrat 
of  filver  for  the  quantity  of  muriatic  acid,  and 
by  an  alkali  for  the  metallic  part,  gave  as 
follows. 

Muriatic  acid  24  75 

Oxyd  of  tin  1. 

Metallic  copper  63. 

Remains  for  oxygen  11.25 


100.0  ■ 

Affuming  thisanalyfis  as  correct,  it  is  obvious 
that  the  copper  exifts  in  a much  lower  ftate  of 
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oxygenation  in  this  fait  than  in  any  hitherto 
mentioned,  for  in  this,  the  oxyd  of  copper  is 
compofed  of  63  of  copper  and  1 1.25  of  oxygen, 
or  (reduced  to  the  hundred)  of  84.84  of  copper 
and  13.1b  of  oxygen  : whereas  the  Black  oxyd,  to 
which  all  the  common  cupreous  falts  are  redu- 
cible by  lofs  of  their  acid  and  water,  confifts  of 
80  per  cent,  of  copper  and  20  of  oxygen.  The 
former  therefore  is  properly  diftinguilhed  as  a 
fub-oxyd,  and  when  combined  with  muriatic 
acid,  as  the  white  muriat,  may  be  termed  the 
muriated  fub-oxyd. 

The  reader  will  now  underftand  what  takes 
place  on  diftilling  the  common  green  muriat  of 
copper  without  addition.  The  firft  effect  is  to 
expell  merely  any  excefs  of  acid  and  the  water 
of  cryftallization,  after  which,  by  encreafmg  the 
heat,  oxymuriatic  acid  comes  over,  (compofed 
of  the  proper  acid  of  the  fait,  and  the  quantity 
of  oxygen  which  makes  the  difference  between 
the  perfect  oxyd  and  the  fub-oxyd)  and  a grey 
melted  mafs  remains,  which  is  chiefly  the  white 
muriat,  or  muriated  fub-oxyd. 

When  this  is  expofed  to  the  air  for  a day  or 
two,  it  is  again  converted  into  the  common 
green  muriat.  Part  of  the  copper  is  itfelf  vo- 
latilized, however,  as  is  feen  by  the  beautiful 
blue-green  flame  which  the  heated  muriat  gives 
to  any  burning  matter. 

There  appears  to  be  yet  another  ftate  of  com- 
bination of  muriatic  acid  alfo  noticed  by  Prouft. 
It  is  the  fib-muriat  of  copper,  or  a fait  that  dif- 
fers from  the  common  muriat,  not  by  a lower 
degree  of  oxygenation  of  the  metal,  hut  in  an 
inferior  proportion  of  muriatic  acid.  It  is  pro- 
duced by  adding  a little  potafti,  (lefs  than  to 
faturation),  to  the  green  muriat.  A green 
powder  falls  down,  which  is  the  fub-muriat, 
and  correfponds  with  the  fub-nitrat  already 
defcribed.  If  an  excefs  of  potafh  is  added,  the 
fait  is  entirely  decompofed,  and  the  precipitate 
is  the  hydrat. 

This  fub-muriat  boiled  with  potafti  lofes  about 
28  per  cent,  of  its  weight,  and  is  reduced  to  the 
Black  oxyd.  A fimilar  fub-muriat  is  faid  by  the 
fame  chemift  to  be  fpontaneoufly  depofited 
when  copper  is  diffolved  in  nitro-muriatic  acid, 
and  its  compofition  is  given  as  follows : 

Black  oxyd  of  copper  79 
Muriatic  acid  . 12.5 

Water  . . s 8.5 

100.0 

The  green  native  muriat  of  copper  of  Peru 
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appears  to  be  nearly  in  this  ftate.  By  heat  it 
becoVnes  brown,  but  regains  its  colour  on  ex- 
pofure  to  air. 

Some  experiments  of  Mr.  Chenevix  1 throw 
further  light  on  the  nature  of  the  fub-oxyd  and 
muriated  fub-oxyd  above  mentioned.  It  was 
noticed  on  the  analyfis  of  the  red  oCtohedral 
copper  ore  that  this  l'ubftance  was  a pure  oxyd, 
confiding  of  about  88.5  of  metal  and  11.5  of 
oxygen,  and  therefore  in  a much  lower  ftate  of 
oxygenation  than  in  any  hitherto  obferved.  This 
ore  on  the  affufion  of  nitric  acid  diftolved 
therein  •with  a rapid  difengagemcnt  of  nitrous  gas, 
{hewing  thereby  the  necefiity  of  a more  compleat 
oxydation  of  the  metal  to  enable  it  to  unite  with 
the  remaining  undecompofed  portion  into  com- 
mon nitrat  of  copper.  Muriatic  acid  was  then 
tried,  and  was  added  to  100  parts  of  the  ore.  The 
liquor  became  hot  and  the  ore  diftolved  therein 
into  a brown  fluid,  but  which  turned  green  on 
expofure  to  air.  Iron  feparated  88  parts  of 
metallic  copper,  leaving  only  1 2 for  the  oxygen, 
which  in  the  proportions  of  the  common  black 
oxyd,  would  only  have  indicated  48  of  copper 
inftead  of  88  ; but  as  the  whole  100  parts  were 
diftolved,  it  was  proved  that  no  part  of  the  ore 
could  have  been  a mixture  of  reguline  copper 
and  black  oxyd,  fince  reguline  copper  is  not 
foluble  in  cold  muriatic  acid,  and  hence  it  ap- 
pears a legitimate  conclufion  that  the  red  oCto- 
hedral  ore  is  really  a diftinCt  and  before  un- 
known fub-oxyd  of  copper.  On  adding  water 
to  the  concentrated  muriatic  folution,  a very 
copious  white  precipitate  fubfided,  which  be- 
came orange  on  further  wafhing  with  water, 
and  appeared  to  be  the  muriated  fub-oxyd. 

A fimilar  muriated  fub-oxyd  of  copper  Mr. 
Chenevix  alfo  produced  artificially  by  mixing 
57.5  parts  of  the  black  oxyd  with  50  parts  of 
the  pulverulent  regulus  of  copper  obtained  by 
precipitation  by  iron,  and  which  may  readily  be 
reduced  to  a fine  powder.  This  difloived  almoft 
entirely  in  cold  muriatic  acid,  which  is  a curious 
circumftance,  fince  before  the  folution  of  the 
reguline  part  could  have  been  efFeCted,  it  muft 
have  taken  a fufficient  portion  of  oxygen  from 
the  black  oxyd ; and  thus  (the  one  by  taking 
and  the  other  by  lofing  oxygen)  both  would  be 
reduced  to  the  ftate  of  a fub-oxyd,  there  being 
no  more  than  11.5  of  oxygen  in  the  black  oxyd, 
which,  by  this  diftribution,  proved  iulficient 
to  render  nearly  90  parts  of  copper  foluble. 
It  may  be  here  remarked  that  a fub-oxyd  of 
iron  is  made  in  a fimilar  manner  by  mixing 
the  perfeCt  oxyd  with  iron  filings  and  heating 


moderately,  the  refult  of  which  is  the  black 
fub-oxyd  or  ethicps  of  iron. 

Copper  appears  to  h'ave  a ftronger  affinity  for 
the  muriatic  acid  than  for  the  nitric  or  even  the 
fulphuric.  Thus,  according  to  Cornette,  u if 
either  the  folid  nitrat  or  fulphat  of  copper  be 
added  to  muriatic  acid,  a folution  takes  place 
with  the  production  of  cold,  and  if  it  is  heated 
it  immediately  lofcs  the, blue  colour  peculiar  to 
thefe  two  falts,  and  acquires  tire  green  of  the 
muriat.  Alfo  if  the  liquor  is  {lowly  evaporated 
muriat  of  copper  is  obtained  in  cryftals. 

The  Acetous  acid  does  not  aCt  upon  reguline 
copper,  but  when  oxydated  it  diflolves  it  with 
eale  into  a fine  green  liquor  readily  cryftal- 
lizable.  There  is  alfo  with  this,  as  with  many 
of  the  other  cupreous  falts,  a diftinCt  ftate  of 
fub-acid  and  of  faturated  fait.  Both  the  fub- 
acetite  and  the  acetite  of  copper  are  the  products 
of  a domeftic  manufacture  carried  on  to  a con- 
fiderable  extent  in  the  South  of  France,  and 
therefore  require  a fuller  defcription  : the  fub- 
acetite  being  the  common  verdigris  of  the  {hops* 
( verdet ),  and  the  acetite,  being  the  cryftaliized, 
or  diftilled  verdigris,  as  it  is  called,  ( cry/iaux 
de  Venus — Verdet  cryflallize.) 

This  manufacture,  in  its  prefent  fomewhat 
improved  ftate,  is  thus  defcribed  by  Chaptal  * 
as  carried  on  at  Montpellier. 

The  materials  for  this  manufacture  are,  ift. 
Any  refufe  matter  of  the  ripe  grape,  the  ftalks, 
feeds,  &c.  but  more  particularly  the  marc  or 
the  cake  that  remains  in  the  wine-prefs  after 
the  greater  part  of  the  juice  has  been  extracted. 
This  when  fermented  produces  the  acid  requifite 
to  corrode  the  copper.  2d.  Plates  of  copper 
of  convenient  fize  and  previoufly  hammered 
well  to  fmooth  the  furface,  in  order  that  the 
corroded  portion  may  be  conveniently  detached, 
without  which  preparation  too  much  of  the 
copper  would  peel  off  in  fcales,  without  being 
thoroughly  penetrated  by  the  acid. 

The  marc  of  the  grape,  which  may  be  kept 
for  a good  while  by  being  clofe  packed  in  calks, 
is  firft  fermented,  limply  by  being  laid  loofely 
in  a large  barrel,  moiftened  with  water  (or  better 
with  wine)  and  fet  in  a warm  airy  place.  After 
a while,  fometimes  in  a day,  at  other  times  in 
two  or  three  weeks,  it  heats,  fwells,  and  gives  a 
ftrong  fmell  of  vinegar,  and  when  the  ferment- 
ation fubfides  it  is  fit  for  ufe.  The  richer  the 
grape  juice  of  courfe  the  better  is  the  marc 
and  the  more  perfect  will  be  the  fubfequent 
fermentation,  on  which  much  of  the  quality  of 
the  verdigris  depends.  Hence  it  jfhould  not  be 
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too  clofely  prefled,  or,  if  poor,  it  fliould  be 
moiftened  with  a little  ordinary  wine.  To  de- 
termine when  the  marc  is  fufficiently  fermented, 
a fmall  copper  plate  is  buried  in  it  for  twenty- 
four  hours,  and  if  fit,  the  plate  will  come  out 
covered  uniformly  with  a green  cruft.  The 
plates  are  then  all  heated  fcorching  hot  over  a 
pan  of  charcoal,  and  laid  regularly  in  earthen 
pots  with  a layer  of  the  fermented  marc  at  bot- 
tom and  at  top,  and  interpofed  between  each 
plate.  The  pot  is  then  loofely  flopped  with  ftraw, 
and  the  whole  left  at  reft  from  ten  to  twenty 
days.  Thefe  earthen  pots  (the  fame  in  which 
the  marc  is  fermented)  are  about  16  inches 
high,  and  14  in  diameter,  and  the  mouth  12 
inches.  Each  holds  about  30  or  40  pounds  of 
copper  plate,  with  the  requifite  quantity  of 
marc.  When  the  plates  are  ufed  for  the  firft 
time  they  are  previoufly  prepared  by  being  rub- 
bed with  a rag  dipped  in  a folution  of  verdigris 
in  water,  and  luffered  to  dry.  Without  this  the 
firft  produce  of  verdigris  is  apt  to  be  black. 
This  is  not  required  a fecond  time. 

Tire  earthen  pots  are  emptied  when  the  marc 
begins  to  whiten,  and  if  the  procefs  has  gone 
on  well,  the  copper  plates  are  found  covered 
with  a green  cruft  interfperfed  with  diftin£t 
filky  green  cryftals.  They  are  then  taken  out  (the 
marc  being  thrown  away)  and  fet  on  end  face 
to  face  on  wooden  racks  in  a cellar;  and  when 
dry  they  are  dipped  in  water  (formerly  in  wine) 
and  again  fet  to  dry,  and  this  is  repeated  once 
a week  for  fix  or  eight  times  which  makes 
them  fwell,  and  in  every  way  improves  and 
eucreafes  the  crop  of  verdigris,  which  is  finally 
fcraped  off  with  a knife  without  difficulty. 
Every  pot  yields  about  five  or  fix  pounds  of 
rough  verdigris,  and  the  plates,  after  this  is  fe- 
parated,  will  ferve  again  repeatedly  till  they  are 
corroded  quite  through. 

The  verdigris  is  fold  by  the  maker  in  the 
rough  ftate,  and  is  further  prepared  by  being  well 
ground  in  wooden  mortars  and  expofed  to  the 
air  on  fkins  till  fufficiently  dry,  in  which  pro- 
cefs it  lofes  nearly  half  its  weight.  The  whole 
of  the  manufacture  of  the  rough  verdigris  is  a 
part  of  houfehold  bufinefs  in  the  wine-farms 
about  Montpellier,  and  is  generally  done  by  the 
women.  It  requires  little  attendance,  and  no 
other  capital  than  the  expence  of  the  copper 
plates  and  earthen  jars. 

Verdigris  thus  prepared  may  be  confidered 
as  copper  oxydated  by  the  action  of  the  acetous 
acid  of. the  fermented  materials,  united  with 
water,  and  a fmall  portion  of  undecompofed 


acetous  acid,  together  with  part  of  the  ex- 
tractive or  mucilaginous  matter  of  the  marc. 
Its  exaCt  compofition  will  be  prefently  men- 
tioned. In  this  ftate  it  is  infoluble,  or  nearly 
fo,  in  water.  The  colour  is  a fine  green,  and  it 
is  ufed  more  largely  as  a pigment  than  any 
other  cupreous  preparation. 

Verdigris  is  however  completely  foluble  in  an 
additional  portion  of  vinegar,  and  the  refult  is 
the  perfect  acetite  of  copper , a beautiful  cryftal- 
lizable  fait,  fold  at  a very  high  price  in  the  {hops 
under  the  name  of  difilled  verdigris.  It  is  pre- 
pared from  common  verdigris  in  Holland  and 
France,  and  Montpellier;  the  procefs  which  is 
followed  at  the  latter  place  is  very  fimple, 
and  is  thus  defcribed  by  the  fame  accurate 
obferver.  Common  vinegar  is  firft  diftilled  in  a 
copper  alembic,  which  feems  to  be  a procefs 
conftantly  going  on  in  the  fmall  way  in  moft  of 
the  vintage  farms  in  the  neighbourhood.  This 
is  put  with  common  verdigris  into  a copper 
boiler,  and  when  a hot  faturated  folution  is 
made,  it  is  ftrained  and  let  off  to  another  copper 
evaporating  veffel,  where  it  is  boiled  down  till 
a cruft  of  the  fait  appears  on  the  furface.  A 
light  frame  of  fticks  in  crofs-bars  is  then  funk 
in  the  liquor  and  the  fire  put  out.  On  cooling, 
the  acetite  of  copper  crufts  around  the  fticks 
in  moft  beautiful  clufters  of  rhomboidal  cryftals 
of  a fine  deep  blue-green  colour.  When  thefe 
are  dried  and  finely  powdered  they  form  a green 
pigment  of  great  beauty  and  value.  It  requires 
about  three  pounds  of  verdigris  to  make  one 
pound  of  the  cryftallized  acetite.  The  part 
which  remains  undiffolved  in  the  vinegar  con- 
fifts  of  an  imperfect  oxyd  or  acetite  which  ufed 
to  be  thrown  away,  but,  as  Chaptal  has  ob- 
ferved,  when  moiftened  occafionally  with  vine- 
gar, and  expofed  to  the  air,  it  yields  a frelh 
quantity  of  verdigris,  and  is  then  readily  foluble 
in  vinegar. 

From  the  analyfis  of  feveral  chemifts  there 
appears  to  be  very  little  uniformity  in  the  pro- 
portion of  the  ingredients  of  the  common  ver- 
digris, but  according  to  Chaptal  two  kinds  are 
particularly  diftinguilhed  in  France,  that  of 
Montpellier,  and  that  of  Grenoble.  The  latter 
is  prepared  in  a different  manner  from  that  al- 
ready defcribed,  no  fermented  refufe  of  the  vin- 
tage being  here  ufed,  but  the  procefs  is  chiefly 
to  difpofe  plates  of  copper  in  a proper  room, 
and  to  moiften  them  repeatedly  with  diftilled 
vinegar  till  the  furface  is  fufficiently  oxydated 
and  converted  into  verdigris. 

In  conlequence  of  this  difference  in  the  pre- 
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paration,  a certain  difference  is  found  in  the 
appearance  of  the  two  kinds,  that  of  Mont- 
pellier having  a foft  greafy  feel  v,  and  {hewing 
in  its  fra£ture  a number  of  filky  filaments  like 
fome  kinds  of  malachite,  and  alio  being  almoft 
infoluble  in  water.  The  other  kind  is  dryer 
and  hardier  to  the  touch,  of  a deeper  colour, 
breaking  more  like  the  cryftallized  fait,  and 
more  foluble  in  water.  The  former  is  fome- 
what  cheaper  and  is  preferred  in  painting,  the 
latter  is  more  ufed  in  dyeing.  The  analyfis  of 
each  by  diftillation  per  fe  with  a graduated  fire, 
{lowly  increafed  till  every  tiling  volatile  was  ex- 
pelled, gave  as  follows. 

A hundred  parts  of  the  verdigris  of  Grenoble 
gave 

Carbonic  acid  - - - 9.10 

Water  weakly  acidulous  - 13.05 

Strong,  coloured  acetous  acid  53 .95 
Copper  7 left  in  the  - 20.90 

Charcoal  3 retort  - 3.00 


100.00 


A hundred  parts  of  the  verdigris  from  Mont- 
pellier gave 

Carbonic  acid  - 8.00 

Acetous  acid  very  weak 
empyreumatic 
Copper  - 22.50 

Charcoal  - 4.35 


100.00 

In  comparing  thefe  products  it  will  be  found 
that  the  difference  may  principally  be  explained 
from  the  different  mode  of  manufacture.  It 
may  be  premifed  that  the  produCts  thus  ob- 
tained by  fire  are  by  no  means  in  the  fame  ftate 
of  combination  in  which  they  exift  in  the  fait : 
the  heat  decompofing  much  of  the  acetous  acid, 
(befides  what  is  {imply  expeiied)  and  thence 
producing  carbonic  acid  in  abundance,  and  pro- 
bably oxyd  of  carbon  not  noticed  in  this  ana- 
lyfis, whilft  the  oxyd  of  copper  is  alfo  decom- 
pofed,  the  oxygen  uniting  with  the  new  com- 
pounds, and  the  copper  being  left  very  nearly 
in  the  metallic  ftate,  and  mixed  with  a little 
charcoal  from  the  vegetable  matter.  From  the 
much  lefs  quantity  of  acetous  acid,  and  the 
greater  degree  of  empyreuma  in  the  produdt  of 
the  Montpellier  verdigris  than  in  the  other,  it 
is  reafonably  inferred  to  contain  more  extractive 
matter,  and  lefs  acid  in  its  natural  ftate,  as 
might  be  expeCted,  where  an  imperfeCtly  fer- 
mented refufe  matter  is  ufed  inftead  of  pure 


acetous  acid  in  the  manufacture.  The  Mont- 
pellier kind  therefore  is  a fub-acetated  oxyd  of 
copper  mixed  .with  vegetable  extractive  matter: 
the  Grenoble  kind  is  almoft  pure  fub-acetite, 
and  the  part  foluble  in  water  is  doubtlefs  the 
perfeCt  acetite. 

The  analyfes  both  of  verdigris  and  of  the 
acetite  of  copper  as  given  by  Prouft,  fhew  a 
very  different  proportion  of  ingredients  in  the 
fub-acetite  from  that  juft  mentioned.  As  the 
oxyd  of  copper  is  the  only  fubftance  aCtually  ob- 
tained in  Prouft’s  analyfis,  the  difference  may 
be  explained,  partly  by  the  different  ftate  of 
drynefs  of  the  fubftance  on  which  thefe  two 
chemifts  operated,  and  partly  by  fuppofing  that 
the  one  took  the  entire  verdigris,  and  the  other 
the  pure  fub-acetite  feparated  from  common 
verdigris  by  diffufion  in  water.  Prouft  ob- 
ferves,  that  when  verdigris  is  put  into  cold 
water  it  gradually  falls  to  pieces,  near  one-half 
is  diffolved  (and  hence  the.  kind  here  examined 
more  approaches  that  of  Grenoble)  and  the  re- 
mainder is  a very  fine  green  powder  which 
diffufes  itfelf  through  the  water,  and  fub- 
fides  extremely  {lowly,  together  with  the  acci- 
dental impurities  of  the  copper.  This  green 
powder  appears  to  be  the  pureft  fub-acetite  of 
copper,  and  when  wrafhed  and  dried  weighs 
about  42  per  cent,  of  the  original  verdigris. 
When  fulphuric  acid  is  poured  on  it  pungent 
vapours  of  vinegar  are  given  out.  Boiled  with 
potalh,  a black  perfeCt  oxyd  of  copper  is  ob- 
tained, in  the  proportion  of  63  from  100  of  the 
fub-acetite.  Diftilled  per  fe  the  products  are 
the  fame  in  kind  with  thofe  of  the  acetite  of 
copper  (which  will  be  prefently  mentioned)  and 
the  refidue  is  52  per  cent  of  copper  almoft  in 
the  metallic  ftate,  but  not  entirely,  fince  cold 
diluted  fulphuric  acid  is  coloured  blue  by  re- 
maining in  it,  diflolving  the  fmall  portion  of 
oxyd  of  copper,  and  leaving  the  metallic  part 
untouched.  According  to  this  analyfis  there- 
fore, 100  parts  of  the  fine  green  fub-acetite  ex- 
tradted  from  verdigris  by  diffufion  in  water 
and  dried,  are  compofed  of 

Oxygen  12 \ j>^orm^ng  *he  black  oxyd  63 

Remains  for  acid  and  water  - 37 

100. 

Acetite  of  copper  (meaning  the  cryftallized 
and  perfectly  faturated  fait,  or  the  diflilled  ver- 
digris) may  be  produced,  for  experiment,  {imply 
by  faturating  diftilled  vinegar  with  oxyd  of 


and  very  | ^ 
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copper,  and  cryftallizing,  but  this  will  not 
readily  afford  a fait  of  that  fine  colour  for  which 
the  acetite  made  from  verdigris  and  diftilled 
vinegar  is  fo  much  valued.  According  to  Prouft 
39  parts  of  the  black  oxyd  produce  with  dif- 
tilled vinegar  ioo  parts  of  the  acetite;  and  on 
the  other  hand  ioo  parts  of  the  fait  decompofed 
by  boiling  potafh,  give  39  or  40  of  the  black 
oxyd.  Hence  its  compofition  is  thus  deduced. 

Oxygen  3y.l } makIng  of  black  oxyd  } 39 
' Acetous  acid  . . . . 61 


IOO. 


The  diftillation  of  the  acetite  of  copper  fur- 
nifhes  that  pungent  concentrated  acid  called  radi- 
cal Vinegar , the  preparation  of  which  is  perfect- 
ly fimple,  and  is  defcribed  under  the  article 
Acetous  Acid.  In  this  cafe  as  in  the  diftillation 
of  common  verdigris,  the  operation  of  the  heat 
modifies,  and  confiderably  alters  the  arrange- 
ment of  the  component  parts  of  this  fait. 
Though  by  eftimation  it  is  reckoned  to  contain 
about  60  per  cent,  of  acetous  acid,  no  more 
than  about  52  are  obtainable  by  diftillation,  the 
remainder  being  changed  by  the  heat,  and  by  the 
oxygen  of  the  copper  (7.8  per  cent.)  and  new 
produfts  being  formed  probably  by  very  com- 
plicated affinities.  Thefe  produCts  are  partly 
carbonic  , acid  and  carburetted  hydrogen,  and 
partly,  as  it  appears,  a portion  of  empyreumatic 
oil,  which,  towards  the  end  of  the  procefs,  gives 
a peculiar  fmell  and  colour  to  the  acid.  A l'mall 
quantity  of  the  acetite  fublimes  as  a white  fait 
in  the  neck  of  the  retort,  or  covering  the  upper 
part  of  the  heated  mafs,  which  appears  to  be  the 
acetite,  little,  if  at  all  altered,  except  by  lofing 
fome  of  its  water  of  cryftallization.x 

After  the  diftillation,  a brown  powder  re- 
mains in  the  retort,  which  laft  is  alfo  fometimes 
lined  with  a thin  film  of  metallic  copper.  This 
brown  powder  is  copper,  almoft  metallic,  but 
ftill  containing  fome  oxygen,  and  alfo  mixed 
with  charcoal,  according  to  M.  Adet,  in  the 
following  proportions  in  90  parts,  viz.  Char- 
coal, 4.50  ; Copper,  78.66  ; and  Oxygen,  6.84. 

The  entire  produces  of  the  diftillation  of  ace- 
tite of  copper,  as.  given  by  M.  Adet,  may  here 
be  inferted  as  they  appear  confiderably  accurate. 
'Hie  undecompofed  portion  of  288  parts  of  the 
fc.lt  was  25.5,  deducing  this,  and  reducing  the 
remainder  to  the  centefimal  proportion  it  will 
,be  as  follows : 


Acetous  acid  ....  53 

Copper  . . 30.  \ . i"or‘T1ing  "I 

Charcoal  & Oxygen  4.3  h . f34'3 

jo  j brown  powder  J 

Remains  for  gas  given  out  . . 12.7 

100.0 


The  30  parts  of  metallic  copper  (which  were 
adlually  obtained  by  fubfequent  redu&ion,).  are 
equivalent  to  37.5  of  black  oxyd  in  the  unde- 
compofed fait,  a quantity  not  much  differing 
from  that  given  by  Prouft. 

On  account  of  the  very  high  price  of  the  dif- 
tilled verdigris,  many  experiments  have  been 
made  by  chemifts  to  produce  an  equally  fine 
acetite  of  copper  by  a ffiorter  method.  Where 
the  objeft  is  merely  that  of  yielding  radical 
vinegar  by  fubfequent  diftillation,  it  is  not  diffi- 
cult to  combine  acetous  acid  with  any  of  the 
cupreous  oxyds,  or  carbonated  oxyds,  and  to 
produce  a faturated  acetite,  with  or  without 
regular  cryftallization  ; but  to  form  the  beauti- 
ful blue-green  fait  for  the  painter  or  dyer  is  not 
fo  eafy.  The  double  decompofition  of  acetited 
lead  and  fulphat  of  copper,  as  mentioned  under 
Acetous  Acid,  appears  to  fucceed  the  beft,  the 
fulphat  of  lead  being  entirely  feparable  by  mere 
fubfidence,  and  the  green  fupernatant  liquor 
affording  by  evaporation  a very  fine  cryftallized 
acetite  of  copper. 

The  natural  combinations  of  copper  with  Ar- 
fenic  and  Arfenic  acid  have  already  been  fully 
mentioned,  together  with  the  general  mode  of 
analyfis.  With  regard  to  the  artificial  arfeniats, 
Scheeley  found  that  when  arfenic  acid  was 
digefted  with  copper  filings  a green  folution 
was  formed,  and  a blue  arfeniat  alfo  precipi- 
tated. The  fulphat,  nitrat,  and  muriat  of 
copper  undergo  no  apparent  change  by  arfenic 
acid,  but  the  acetite  is  decompofed,  and  arfeniat 
is  precipitated.  But  all  the  cupreous  falts  are 
decompofed  by  double  affinity,  by  arfeniated 
alkali  of  any  kind;  and  a blue  arfeniat  of  copper 
falls  down.  Mr.  Chencvix  alfo  has  the  follow- 
ing experiments  : Arfeniat  of  ammonia  was 
added  to  nitrat  of  copper,  which  caufed  a double 
decompofition,  and  arfeniat  of  copper  fell  down 
in  blue  cryftalline  grains.  On  evaporating  the 
clear  liquor  and  adding  alcohol,  another  copious 
depofition  of  cryftais  took  place  after  a while, 
which  were  of  a ftill  deeper  blue  and  rhom- 
boidal,  and  were  alfo  arfeniat  of  copper,  and  not 
nitrat  of  copper,  this  latter  fait  being  foluble  in 
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alcohol,  and  therefore  not  precipitable  by  it. 
Each  of  thefe  arfeniats  was  examined  feparatcly, 
fird  by  calcination  in  a low  red  heat  to  expel 
the  water,  then  by  potafh  to  obtain  the  black 
oxyd  of  copper,  and  ladly  by  nitrat  of  lead  to 
eftimate  the  arfenic  acid.  By  this  method  the 
firll  arfeniat  was  found  to  confift  of 
Oxyd  of  copper  50 
Arfenic  acid  27 

Water  . 22 


99 


The  fecond  deeper-coloured  arfeniat  confided 
of  Oxyd  of  copper  35. 

Arfenic  acid  39.5 

Water  . 24. 


98-5 

Arfenic,  in  the  date  of  white  oxyd  when 
combined  with  oxyd  of  copper,  forms  a grafs- 
green  powder,  fird  noticed  by  Scheele,  and 
commonly  called  in  chemidry  Scheele’s  Green. 
It  is  formed  by  decompofing  arfeniated  potafh 
by  fulphat  of  copper,  by  double  affinity.  The 
nitrat  or  any  other  fait  will  anfwer  the  fame 
purpofe.  The  inventor’s  procefs  for  making  it 
in  quantity  is  the  following  : Diffiolve  24  ounces 
of  fulphat  of  copper  in  water  in  a copper  veflel 
over  the  fire ; and,  feparately,  in  another  copper 
veflel,  24  ounces  of  fine  pearlafh,  and  1 1 oz.  of 
white  arfenic  in  water,  alfo  with  heat,  and 
drain  each  folution  feparately  through  linen  ; 
then  add  the  arfeniated  potafh,  little  by  little, 
to  the  fulphat  of  copper,  with  condant  dirring, 
which  will  immediately  effervefee,  and  then 
will  let  fall  a green  powder.  When  the  whole 
is  mixed,  let  it  dand  fome  hours,  edulcorate 
well  with  clear  hot  water  and  dry  very  gently 
in  a warm  room.  From  the  above  quantities 
18-j  ounces  of  the  green  powder  are  obtainable, 
which  may  be  ufed  as  a pigment. 

Phofphat  of  copper  may  be  made  artificially 
by  adding  phofphat  of  foaa  to  nitrat  of  copper, 
or  any  other  cupreous  fait.  A blueiffi-green 
fediment  fettles,  which  dries  to  a powdery 
mafs  mixed  with  crydals.  A low  red  heat 
turns  it  brown  and  drives  off  all  the  water.  It 
lofes  by  this  15.5  of  pure  water.  The  refidue 
is  a phofphat  of  copper,  confiding  of  35  of 
phofphoric  acid  and  49.5  of  oxyd  of  copper.  z 

A driking  decompofition  of  nitrat  of  copper 
alfo  takes  place  when  a dick  of  freffi-melted 
phofphorus  is  immerfed  in  this  cupreous  folu- 


tion and  expofed  to  light.  By  degrees  the 
ccppdr  is  precipitated  in  the  metallic  date  on 
the  phofphorus  in  crydailine  grains. 

The  Pruffic  acid  forms  a red-brown  fait  with 
oxyd  of  copper.  All  the  cupreous  falts  are 
decompofed  by  pruffiat  of  potadi  or  of  lime, 
and  the  colour  of  the  precipitate  (which  nearly 
refembles  that  of  metallic  copper  without  the 
ludre)  is  different  from  that  of  any  other  pruffiat, 
and  hence  this  may  occafionally  be  ufed  as  a 
ferviceable  ted.  By  drying,  the  colour  changes 
to  a dark  chocolate  hue. 

Tin&ure  of  galls  added  to  the  cupreous  dilu- 
tions gives  a dirty  yellow  precipitate. 

All  the  other  acids  diffolve  the  oxyds  of  cop- 
per, forming  falts  little  known  and  of  fmall 
importance.  In  all  of  them,  green  in  its  various 
diades  is  the  predominating  colour. 

Of  the  Alkalies,  neither  potafh  nor  foda  have 
any  a£Hon  on  copper  or  its  oxyds,  except  that 
(fo  often  mentioned)  of  depriving  the  wet  pre- 
cipitated oxyds  of  their  water  of  combination, 
by  the  help  of  a boiling  heat,  and  bringing  them 
to  the  date  of  the  black  oxyd,  compofed  fimply 
of  about  $0  per  cent,  of  copper  and  20  of  oxy- 
gen. 

The  carbonated  fixed  alkalies  however  diffolve 
oxyd  of  copper  by  help  of  the  carbonic  acid, 
and  by  evaporation  a triple  fait  of  carbonic  acid, 
alkali,  and  oxyd  of  copper  may  be  obtained,  as 
has  been  already  mentioned. 

Ammonia  has  no  action  on  metallic  copper, 
but  diffolves  its  oxyds  with  eafe.  The  ufual 
colour  of  this  folution  is  a mod  beautiful  deep 
blue,  and  it  is  made  in  a variety  of  ways.  The 
mod  direft  way  is  to  put  together  any  oxyd  or 
carbonated  oxyd  of  copper  and  liquid  ammonia 
in  a phial,  and  diged  them.  The  liquor  becomes 
blue  almod  immediately,  which  colour  deepens 
till  the  alkali  is  faturated.  By  flow  evaporation 
carefully  managed,  the  ammoniated  copper  may 
be  got  in  fine  blue  filky  crydals.  Alcohol  added 
when  the  folution  is  quite  concentrated,  much 
affids  the  crydallization.  This  fait  lofes  its 
alkali  by  expofure  to  air,  and  at  the  fame  time 
abforbs  carbonic  acid,  fo  that  at  lad  a green 
carbonat  is  left.  Another  method  of  making 

. O 

the  ammoniated  copper  is  to  diged  in  a glafs 
veflel  lime,  muriated  ammonia,  verdigris,  and 
water.  The  lime  fird  decompofes  the  muriated 
ammonia  and  difengages  the  alkali,  which  then 
diffolves  the  oxyd  of  copper,  and  very  foon 
produces  a fine  blue  liquor',  confiding  therefore 
of  ammoniated  copper  and  muriated  lime.  Lime 
water  will  anfwer  as  well,  where  only  a weak 
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folution  is  wanted.  The  fame  materials  will  fuc- 
ceed  without  the  verdigris,  if  made  in  a copper 
veffel  expofed  to  the  air.  Both  thefe  folutions 
form  the  Aqua  Sapphirina  in  pharmacy,  ufed 
fometimes  as  an  external  application  in  fome 
furgical  cafes.  Another  method  of  producing 
ammoniated  copper  immediately,  is  to  fuper- 
laturate  with  ammonia  any  of  the  falts  of  cop- 
per. Thus  the  firft  portion  of  this  alkali  added 
to  muriated  copper  (for  example)  which  is  of  a 
light  green,  feparates  a green  oxyd  of  copper ; 
more  of  the  alkali  rediffolves  the  oxyd,  and  the 
liquor  now  fhews  the  fine  blue,  which  indicates 
an  ammoniated  folution.  In  this  way  ammonia 
becomes  a very  excellent  tell  for  the  prefence 
of  copper,  diftinguifhing  it  by  the  colour  and 
the  clear  folution  from  every  other  metal  except 
nickel. 

Carbonat  of  ammonia  will  anfwer  the  fame 
purpofe  as  pure  ammonia  in  the  above  pro- 
cefl'es,  the  carbonic  acid  being  moftly  expelled 
during  the  mutual  a£tion.  This  how'ever  is  not 
neceffary,  fince  carbonat  of  ammonia,  as  fuch, 
will  alfo  dilTolve  oxyd  of  copper  and  retain  it  in 
a folid  ftate.  A fimple  mixture,  by  trituration, 
of  one  part  of  folid  fulphat  of  copper  and  three 
parts  of  dry  carbonat  of  ammonia  effervefces 
ftrongly,  and  when  carefully  dried,  forms  a 
mixed  blue  fait,  the  cuprum  ammonlatum  of 
pharmacy. 

A lingular  circumftance  takes  place  with  am- 
moniated copper.  If  a bottle  be  filled  full  of 
liquid  ammonia  with  a few  clean  copper  filings, 
and  kept  clofely  corked,  no  folution  enfues.  * 
If  the  bottle  be  now  opened  for  a while  and 
then  fhut,  part  of  the  copper  is  diflolved,  but 
the  liquor  is  ftill  colourlefs,  till  on  again  un- 
corking the  phial,  when  it  fuddenly  becomes 
blue  at  the  top,  and  this  colour  fpreads  flowly 
down  to  the  bottom.  A frefh  addition  of  copper 
filings,  and  again  doling  the  veffel,  caufes  the 
blue  colour  again  to  vanilh,  but  this  is  reftored 
by  the  accefs  of  air.  To  explain  this  fad  an 
obfervation  made  by  Prouft  may  be  added, 
which  is,  that  the  white  muriated  fub-oxyd  of 
copper  (formed  by  the  folution  of  tin  and  already 
defcribed)  when  fuperfaturated  by  ammonia  in 
a clofe  veffel,  is  indeed  decompofed  by  it,  and 
an  ammoniated  folution  is  formed,  but  colour- 
lefs, till  expofed  to  the  adion  of  air,  when  it 
becomes  blue.  It  appears  probable  therefore 
that  copper  requires  to  be  only  llightly  oxy- 
genated to  dilTolve  in  ammonia,  but  in  this  Hate 
is  colourlefs,  and  has  a ftrong  attradion  for  that 
additional  dofe  of  oxygen  which  is  necelfary  to 
• Gren.  k An.  Chim.  torn- 38, 


give  the  beautiful  blue  by  which  the  common 
ammoniated  folution  is  diftinguifhed.  In  the 
experiment  above  mentioned  it  is  alfo  probable 
that  the  copper  filings  added  to  the  blue  folution 
partly  difoxygenate  and  deprive  it  of  colour,  and 
thcmfelves  are  thereby  in  part  diflolved,  unlcfs 
the  alkali  be  faturated. 

Copper  is  in  time  oxydated  and  partially  dif- 
folved  by  almoft  every  faline  fubftance,  even 
thofe  that  are  perfedly  neutralized,  fuch  as 
common  fait.  This  is  proved  by  the  fad  that 
all  copper  vefiels  long  in  contad  with  any  faline 
matter  and  expofed  to  air,  become  gradually 
covered  with  a green  cruft  of  oxyd.  This  is 
alfo  obfervable  in  copper-bottomed  fhips,  from 
which,  when  the  old  Iheathing  is  ripped  off,  a 
very  large  portion  chips  off  in  half-corroded 
fcales.  The  decompofition  by  muriated  am- 
monia is  very  rapid,  and  a green  muriated  oxyd 
remains,  which  is  faid  to  be  the  bafis  of  the 
Brunfwick  Greeu. 

When  muriated  ammonia  and  copper,  or 
better,  its  oxyd,  mixed  dry  are  heated  in  a clofe 
veffel,  the  muriat,  in  fubliming,  carries  up  with 
it  a portion  of  the  metal  (as  it  does  with  many, 
if  not  moft  other  metals)  and  greenifh-yellow 
flowers  are  colleded,  which  confift  of  muriated 
ammonia,  with  a fmall  and  varying  portion  of 
oxyd  of  copper,  generally  about  A part  of 
the  muriat  is  at  the  fame  time  decompofed  and 
ammoniacal  gas  is  given  out. 

Copper  and  fulphur  readily  unite.  When 
equal  parts  of  copper  filings  and  flowers  of  ful- 
phur are  mixed  and  heated  in  a crucible  much 
of  the  fulphur  burns  off,  but  the  remainder  melts 
into  a deep  bluifh-black  mafs,  which  is  an  arti- 
ficial fulphuret  of  copper.  According  to  Prouftb 
100  parts  of  copper  take  up  in  this  way  28  of 
fulphur,  fo  that  the  fulphuret  is  compofed  of 
about  79  of  metallic  copper  and  21  of  fulphur. 
This  combination  contains  no  oxygen,  and  is 
therefore  a fimple  fulphuret  of  copper,  and  not  a 
fulphur etted  oxyd.  It  is  more  fufible  than  copper, 
readily  melting  at  a red-heat.  By  roafting  in 
the  open  air,  the  fulphur  is  expelled,  and  then 
an  oxyd  of  copper  remains,  (as  with  the  native 
fulphurets)  but  the  laft  portions  of  fulphur 
adhere  with  great  obftinacy.  Dr.  Thompfonc 
alfo  has  found  fulphur  and  copper  filings  to 
unite  by  merely  being  mixed  together  in  the 
cold,  with  or  without  water,  and  remaining 
long  expofed  to  the  air. 

Hydro-fulphuretted  water,  or  any  of  the 
liquid  hydro-fulplnirets  added  to  the  folutions 
of  copper  produces  a deep  blueilh-black  pre- 
p.  172.  5 Elem.  of  Chemiftry. 
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cipitate,  which  is  a hydro-fulphuret  of  cop- 
per- , 

Phofphorus  unites  with  copper  by  fufion,  and 
forms  a hard  fteel-grey  brittle  alio);.  This  com- 
bination was  obferved  by  Pelletier,  in  the  prepa- 
ration of  phofphorus  in  the  great  way.  The 
phofphoric  acid  from  bones  being  commonly 
evaporated  in  a copper  veflel  diffolved  a fmall 
portion  of  the  metal,  and  in  the  fubfequent  dif- 
tillation  of  this  vitreous  phofphoric  acid  with 
charcoal,  feveral  metallic  globules  were  often 
found  in  the  refidue,  arifing  from  the  reduced 
copper  uniting  with  and  keeping  down  a portion 
of  the  phofphorus. 

Phofphuret  of  copper  may  be  made  accord- 
ing to  Pelletier  c in  two  ways  : in  one  (imitating 
the  accidental  difeovery)  8 parts  of  copper 
filings  and  8 of  vitreous  phofphoric  acid  are 
intimately  mixed  with  I of  charcoal  powder,  and 
then  being  put  into  a crucible  and  covered  with 
a little  more  charcoal  powder,  are  heated  in- 
tenfely.  In  this  procefs,  part  of  the  reduced  phof- 
phorus burns  off,  but  the  reft  combines  with  the 
copper  forming  a hard  grey  brittle  alloy,  capable 
of  a high  polifh.  In  the  other  method  which  is 
fimpler,  copper  filings  are  made  red-hot  in  a cru- 
cible, and  pieces  of  phofphorus  are  carefully  and 
repeatedly  projected  on  the  metal  which  imme- 
diately melts  down  into  the  fame  grey  phofphu- 
ret.' A hundred  parts  of  copper  may  be  increafed 
by  this  means  to  about  120,  and  in  this  ftate 
the  fpecific  gravity,  according  to  Sage,d  is  7.122. 
This  phofphuret,  if  kept  in  fufion  expofed  to 
the  air,  lofes  gradually  moft  of  its  phofphorus, 
which  bums  with  the  bright  flame  and  fmell 
peculiar  to  this  fubftance. 

Phofphuret  of  copper  is  more  fufible  than 
copper.  If  kept  in  fufion  covered  with  charcoal 
powder,  or  under  melted  glafs  of  any  kind  fo 
as  not  to  be  expofed  to  the  aCtion  of  air,  it  lofes 
all  the  excefs  of  phofphorus  which  it  may  con- 
tain, above  that  quantity  which  is  equivalent  to 
an  increafe  of  one  twelfth  of  the  weight  of  the 
copper, e after  which  it  remains  unaltered  in 
any  continuance  of  clofe  fire.  This  therefore 
feems  to  be  a point  of  mutual  faturation,  and 
this  phofphuret  is  therefore  compofed  of  about 
7.7  of  phofphorus  and  92.3  of  copper.  This 
phofphuret  has  the  grain  and  colour  of  fteel, 
takes  a very  high  polifh,  and  remains  very  long 
untarnifhed  in  the  air,  but  is  brittle.  With  a 
lefs  proportion  of  phofphorus  it  again  becomes 
malleable  and  of  a yellowifh-white  colour,  fo 
that  it  is  poflible  that  this  may  be  found  ufeful 
(with  other  additions)  in  producing  a white 


alloy,  which  would  be  ferviceable  in  manufac- 
tures. 

The  fixed  oils  when  kept  fometime  in  con- 
tact with  copper  oxydate  and  diflolve  a portion, 
and  thereby  become  green. 

The  alloys  of  copper  are  fo  numerous  and 
important  that  they  will  be  feparately  deferibed 
in  the  following  article. 

The  ufes  of  copper,  in  all  its  various  ftates, 
are  almoft  endlefs,  and  only,  if  at  all,  inferior  in 
number  to  thofe  of  iron.  Befides  the  variety  of 
ufes  for  which  copper  and  its  alloys  are  em- 
ployed in  the  metallic  ftate,  various  pigments 
and  dyeing  materials  are  obtained  from  its  falts, 
and  the  oxyd  is  ufed  to  give  an  emerald  green 
to  coloured  glafles  and  enamels. 

All  the  falts  of  copper  are  more  or  lefs  poi- 
fonous,  producing  violent  naufea,  and  the 
fevereft  pain  and  inflammation  of  the  alimen- 
tary canal.  Yet  from  the  fudden  vomiting 
which  they  excite,  a large  dofe  may  be  given 
with  fafety,  and  this  is  fometimes  ufed  when  it 
is  neceflary  immediately  to  empty  the  ftomach. 
Copper  is  however  very  little  ufed  medicinally 
in  any  form. 

The  affinities  of  the  oxyd  of  copper  are  given 
by  chemical  writers  in  the  following  order.* 
The  gallic,  oxalic,  tartareous,  muriatic,  fulphu- 
ric,  nitric,  arfenic,  phofphoric,  fuccinic,  fluoric, 
citric,  acetic,  boracic,  pruffic,  and  carbonic 
acids;  ammonia,  and  fixed  oil. 

COPPER,  Alloys  of. 

The  alloys  of  copper  ( that  is,  thofe  in  which 
this  metal  predominates)  are  more  numerous  and 
more  important  in  the  arts  than  thofe  of  any 
other  metal.  Many  of  them  are  perfectly  well 
known,  and  have  been  in  ufe  from  very  antient 
times;  of  many  the  exaCt  compofition,  and 
particularly  the  mode  of  preparing,  are  kept  as 
fecret  as  poflible;  for  even  when  the  precife 
compofition  of  an  alloy  is  found  by  chemical 
analyfis,  it  may  often  be  extremely  difficult  to 
produce  a mixture  by  common  methods,  which 
fhall  have  exactly  the  fame  fhade  of  colour,  the 
fame  malleability,  texture,  fufeeptibility  of  po- 
lifh, or  fome  other  excellence,  which,  perhaps, 
a mere  accident  has  difeovered  to  the  pofleflor. 
Another  circumftance  of  infinite  confequence 
to  the  manufacturer  is  the  ordinary  ftate  of 
purity  of  the  materials  he  employs,  and  this 
alone  will  account  for  the  great  Superiority  of 
one  manufacture  over  another ; thus  the  Swe- 
difh  copper  is  commonly  purer  than  the  Britifh, 
and  makes  more  malleable  alloys,  the  Englifh 
tin  better  than  moft  of  the  foreign,  and  the  like. 

• G.  B,  Sage,  Jour.  Phys.  1 Grer. 
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The  principal  objefts  of  alloying  copper  ap- 
pears to  be  to  render  it  lefs  liable  to  tarnilh, 
arid  efpecially  to  be  a£ted  on  by  common  ani- 
mal or  vegetable  fubftances,  (which,  when  ufed 
for  culinary  purpofes,  is  of  extreme  importance): 
to  make  it  more  fufible,  and  harder,  and  able 
to  take  a higher  qaolifh ; and  to  alter  its  colour 
either  to  a golden  yellow  or  a fil^ery  white.  All 
thefe  objefts  are  attainable  by  different  alloys. 

Copper  with  Gold,  Silver,  and  Platina. 

Thefe  are  feldom  if  ever  ufed  in  the  propor- 
tions in  which  they  would  be  alloys  of  copper, 
being  much  too  collly  for  any  purpofe  of  manu- 
facture, confidering  the  great  deterioration  of 
the  more  valuable  metals  ; with  this  exception, 
however,  that  a very  fmall  portion  of  filver 
much  improves  the  compofition  of  the  alloy  of 
copper  and  tin,  when  ufed  as  bell-metal  or  fpe- 
culum-metal.  This  will  be  afterwards  noticed. 
Copper  is  ufed  largely  as  an  alloy  of  gold  and 
filver,  and  it  is  often  plated  with  one  or  the 
other.  This  fubjeCt  we  {hall  refer  to  thefe 
metals  refpeftively. 

Copper  with  Arfenic. 

Arfenic  has  beyond  any  other  metal  the  effeCt 
of  whitening  copper,  but  as  it  is  readily  evapo- 
rated in  fumes  at  lefs  than  a red  heat,  and  there- 
fore at  a temperature  much  below  the  melting 
point  of  copper,  fome  management  is  required 
to  effeCl:  a combination  of  the  two.  For  tins 
purpofe,  firff  melt  the  copper  in  a crucible, 
then  wrap  up  in  paper  fome  white  arfenic  mixed 
with  a little  charcoal,  or  elfe  reguline  arfenic,  or 
even  white  arfenic  alone,  or,  as  fome  recommend, 
arfenic  and  potafh,  and  with  a long  pair  of  tongs 
thruft  it  to  the  bottom  of  the  melted  copper. 
The  arfenic  immediately  rifes  through  the  copper, 
and  molt  of  it  burns  off  in  denfe  white  fumes, 
but  a certain  portion  is  retained.  The  mixture 
fhould  be  immediately  cooled.  It  feems  fome- 
what  a more  convenient  way  to  put  the  arfenic 
in  a fmall  crucible,  inverting  it  over  the  melted 
copper  and  forcing  it  down  to  the  bottom,  hold- 
ing it  there  till  all  the  arfenic  has  pafled  through.® 
By  repeating  this  feveral  times,  the  copper  may 
probably  be  more  fully  faturated  with  arfenic, 
obferving  each  time  to  give  no  more  heat  than 
requifite. 

This  alloy  is  quite  white,  of  a very  clofe  tex- 
ture, but  perfectly  brittle,  and  where  the  ar- 
fenic is  fufficient  entirely  to  deftroy  the  yellow 
ot  the  copper  it  is  liable  to  tarnifh  in  the  air, 
the  more  in  proportion  to  the  dole  of  arfenic. 
As  foon  as  it  melts  the  arfenic  begins  to  efcape, 


and  on  account  of  the  extreme  volatility  of  this 
ingredient  it  is  impoflible  to  combine  accurate 
proportions,  fo  that  always  enough  arfenic  muff 
be  ufed,  to  allow  for  a confiderable  lofs.  When 
kept  long  in  fufion,  the  copper  regains  its  malle- 
ability in  proportion  as  the  arfenic  efcapes,  but 
even  when  it  has  become  quite  malleable,  the 
colour  does  not  entirely  return  to  the  original 
copper -red,  but  long  remains  of  a dingy  yellow. 

V auquelin  h has  obferved,  that  when  equal 
parts  of  filver  and  copper  are  alloyed  (which 
by  themfelves  make  a pale  yellow  mixture)  the 
addition  of  fo  little  as  2 of  arfenic  to  ioo  of 
the  alloy  gives  a perfeft  whitenefs,  whilft  the 
dudlility  and  malleability  remains.  Beyond  5 
per  cent,  of  arfenic  the  alloy  begins  to  be  brittle, 
without  increafing  in  whitenefs. 

Arfenic  is  ufed  in  fmall  quantity  in  fome  of 
the  more  compound  white  alloys  of  copper,  par- 
ticularly in  fpeculum-metal. 

Copper  with  Manganefe. 

Attempts  have  been  made  to  whiten  copper 
and  retain  the  malleability  by  alloying  with 
manganefe,  but  with  little  fuccefs.  The  com- 
bination is  difficult,  and  feems  to  require  two 
procefles.  Firff,  let  copper  and  oxyd  of  man- 
ganefe with  charcoal  be  mixed,  and  put  into  a 
crucible  lined  with  charcoal,  and  heated  very 
intenfely.  This  gives  a black,  crumbly,  granular, 
femi-metaliic  mafs,  confiffing  of  the  metals 
partly  combined,  and  of  fome  of  the  charcoal. 
The  whole  of  this  again  fufed  under  borax, 
gives  a metallic  button  of  a dirty  yellowifh 
white,  hard,  and  fomewhat  malleable.1 

If  the  combination  is  attempted  by  a fingle 
procefs  and  a flux  ufed,  the  manganefe  and 
flux  will  melt  together,  and  will  corrode  the 
crucible  long  before  any  reduction  can  take 
place. 

Copper  with  Iron. 

Thefe  only  unite  when  the  iron  is  in  fmall 
quantity.  The  alloy  is  grey,  hard,  and  fome- 
what brittle. 

Tutenag  is  a white  alloy  of  copper,  zinc,  and 
iron,  according  to  Keir,  k which  is  very  hard, 
tough,  and  fufficiently  dudlile  to  be  wrought 
into  various  articles  of  furniture,  fuch  as  candle- 
fticks,  & c.  which  take  a high  poliffi,  and  when 
made  of  the  better  fort  of  tutenag  are  hardly  dif- 
tinguifhable  from  filver.  'The  inferior  kinds 
are  {fill  white,  but  with  a brafly  yellow. 

The  Chinefe  Petsng  is  another  fine,  white, 
malleable  alloy  of  copper,  the  compofition  of 
which  is  not  exaftly  known,  but  it  contains  a 
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(mall  portion  of  filver.  Neither  of  the  above 
metals  are  imitable  by  the  common  proceffes. 

According  to  Dize,  1 when  the  iron  forms 
only  y-g-  of  the  mafs  it  is  (till  magnetical,  but 
not  fo  when  it  is  only  about  Iron  does 

not  whiten  copper  fo  much,  in  equal  quantities, 
as  tin  does,  and  (till  lefs  than  arlenic. 

Copper  with  Lead. 

Thefe  metals  unite  to  appearance  very  inti- 
mately by  fufion,  but,,  what  is  very  remarkable, 
when  a mafs  of  this  alloy  is  expofed  to  a heat 
lefs  than  that  at  which  the  whole  melts,  the 
lead  alone  fweats  out,  leaving  almoft  all  the 
copper  in  a porous  or  honeycombed  date.  When 
the  copper  holds  a frnall  portion  of  filver,  the 
lead  carries  the  latter  out  with  it,  and  this  is 
the  principle  of  the  old  procefs  of  cliquation , for- 
merly much  ufed  in  the  extracting  of  silver 
from  copper  ores.  Copper  with  about  a fourth 
of  its  weight  of  lead  forms  pot-metal. m The 
antient  Roman  pot-metal,  according  to  Pliny, 
was  compofed  of  ioo  of  copper,  2 of  lead,  and 
2 of  tin.  The  fame  ingredients,  but  with  more  of 
the  two  latter,  were  the  materials  of  many  of 
the  ancient  Greek  and  Sicilian  coins.  a 

Copper  with  Zinc. 

Copper  nearly  faturated  with  zinc,  that  is, 
in  which  the  latter  makes  about  a fourth  (more 
or  lefs)  of  the  mixture,  forms  brafs , the  mod  im- 
portant of  all  the  alloys  of  this  metal,  and  which 
has  been  fully  defcribed  under  that  article. 
With  a much  lefs  proportion  of  zinc  the  colour 
of  the  alloy  approaches  very  nearly  to  that  of 
gold,  and  the  malleability  increafes.  Mixtures 
chiefly  of  thefe  two  metals  are  ufed  to  form  a 
variety  of  yellow  or  gold-coloured  alloys,  known 
by  the  names  of  Tombac , Manheim  or  Dutch  Gold , 
Tinfel , Similor , Prince  Rupert’s  Metal , Pinchbeck , 
&c.  but  the  precife  compofition  varies  accord- 
ing to  the  fancy  or  the  experience  of  different 
manufacturers.  The  Dutch  gold  may  be  beaten 
out  into  extremely  fine  leaves,  which,  when 
frelh,  have  nearly  the  brilliance  of  gold-leaf, 
and  are  ufed  as  a cheap  imitation  of  it,  but  they 
tarnifh  very  foon.  The  mixture  may  be  made 
either  by  direCtly  melting  copper  and  zinc,  or 
by  mixing  brafs  and  copper.  In  either  cafe 
the  copper  (hould  be  melted  fird,  and  the  zinc 
added  afterwards,  the  whole  dir  red  together 
with  wood,  covering  it  with  a little  charcoal, 
and  poured  out  immediately,  to  prevent  the 
lofs  by  the  burning  off  of  the  zinc. 

Several  direCI  experiments  on  the  union  of 
copper  and  zinc  in  difterent  proportions  were 


made  by  Margraaf.0  In  all,  the  copper  wa$ 
the  pured  Japanefe,  and  the  mixture  was  made 
in  the  way  above  mentioned.  With  8 drams 
of  copper  and  as  much  zinc,  much  of  the  latter 
unavoidably  burnt  off'  and  the  alloy  only  weighed 
12  indead  of  16  drams,  the  mixture  was  hard, 
brittle,  yellow,  and  of  a radiated  texture. 
With  1 6 drams  of  copper  and  8 of  zinc,  the 
lofs  by  burning  was  only  -j-  of  a dram.  The 
alloy  was  fofter  than  the  lad,  dill  radiated,  yel- 
low, and  began  to  be  a little  malleable.  From 
this,  fucceflively  diminifhing  the  proportions  of 
zinc,  the  alloy  became  fofter,  more  malleable, 
and  of  a colour  more  and  more  approaching  to 
gold  : and  at  lad,  with  i i or  n of  copper  and 
i of  zinc,  the  fined  golden  tombac  was  pro- 
duced. According  to  Wiegleb  p the  Manheim 
gold  is  made  by  melting  feparately  3 parts  of 
copper  and  1 of  zinc,  mixing  them,  covering 
with  charcoal,  dirring  with  a dick  and  cooling 
immediately.  Thefe  proportions  fcarcely  differ 
from  thofe  of  fome  kinds  of  brafs.  Beaume 
gives  for  the  fame  metal  4 of  copper  and  1 of 
zinc,  whence  it  is  obvious  that  the  proportions 
are  quite  arbitrary,  but  it  appears  that  the  alloy 
is  not  made,  as  brafs  is,  by  cementation,  but  by 
fimple  mixture  of  the  metals.  A very  fmall 
quantity  of  tin  is  fometimes  employed,  but  this 
metal  has  the  difadvantage  of  remarkably  di- 
miniftnng  the  malleability  of  copper  and  its 
alloys.  A fine  malleable  tombac  is  made,  how- 
ever, with  16  of  copper,  1 of  zinc,  and  1 of  tin. 
An  alloy  of  12  of  brafs  and  1 of  tin  is  fcarcely 
malleable. 

A kind  of  tombac  is  the  material  of  which 
a large  proportion  of  the  Roman  coins  was  com- 
pofed. Klaproth  q on  analyzing  feveral,  druck 
during  the  fird  century  of  the  emperors,  found 
them  all  to  confid  either  of  pure  copper,  or  of 
copper  and  zinc,  in  which  the  latter  metal  made 
generally  from  a fifth  to  a fixth  of  the  mafs.  A 
little  tin  and  lead  were  found  in  fome,  but  in 
fuch  fmall  proportion  as  to  appear  only  an  ac- 
cidental impurity. 

Copper  with  Tin. 

The  alloys  of  copper  and  tin  are  extremely 
important  in  the  arts,  and  curious  as  chemical 
mixtures.  They  form  in  different  proportions 
mixtures  which  have  a didin£t  and  appropriate 
ufe.  Tin  added  to  copper  makes  it  more  fufible, 
much  lefs  liable  to  rud  or  corrofion  by  com- 
mon fubltances,  harder,  denfer,  and  more  fono- 
rous.  In  thefe  refpe£Is  the  alloy  has  a real  ad- 
vantage over  unmixed  copper,  but  this  is  in 
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many  cafes  more  than  counterbalanced  by  the 
extreme  brittlenefs,  which  even  a moderate  por- 
tion of  tin  imparts,  and  which  is  a fmgular  cir- 
cumftance  confidering  how  very  malleable  both 
metals  are  before  mixture,  and  the  remarkable 
foftnefs  and  duCtility  of  tin. 

The  fenfible  qualities  of  the  different  mix- 
tures are  the  following.  Copper  alloyed  with 
from  i to  about  5 per  cent,  of  tin  is  much 
harder  than  before,  the  colour  yellow  with  a 
call  of  red,  and  the  fra£hire  granular.  It  is 
{fill  confiderably  malleable.  This  appears  to  be 
the  ufual  compofition  of  many  of  the  very  an- 
tient  copper  tools  and  weapons  before  the  com- 
mon ufe  of  iron;1'  whence  it  appears  that  the 
ancients  did  not  (as  has  often  been  fuppofed) 
poflefs  any  peculiar  art  of  hardening  pure  cop- 
per, otherwife  than  by  mixture.  It  is  certain 
that  the  quenching  of  red  hot  copper  in  water 
will  not  at  all  make  it  harder,  or  have  any  fuch 
effeCt  as  it  has  upon  iron.  An  alloy  in  which 
the  tin  is  from  TV  to  £ of  the  whole  is  hard, 
brittle,  but  ftill  a little  malleable,  clofe-grained, 
and  yellowifh-white.  Where  the  tin  is  as  much 
as  -jr  of  the  mafs,  it  is  now  entirely  brittle,  and 
continues  fo  in  every  higher  proportion.  The 
yellownefs  is  not  entirely  loll  till  the  tin  is 
above  ^-ds  of  the  whole. 

Copper,  or  fometimes  copper  with  a little 
zinc,  alloyed  with  as  much  tin  as  will  make  from 
about  -jV  to  about  -5-  of  the  whole,  forms  an 
alloy  which  is  the  principal,  and  often  the  only 
Compofition  for  bells,  brafs  cannon  (fo  called) 
bronze  ftatues,  and  feveral  fmaller  purpofes, 
and  hence  it  is  called  Bronze,  or  Bell- Metal  (al- 
ways obferving  that  there  is  no  perfect  uni- 
formity in  the  different  alloys  under  thefe 
names,  either  in  the  proportion  or  the  aftual 
number  of  ingredients)  and  it  is  excellently 
fitted  for  thefe  purpofes,  by  its  hardnefs,  den- 
fity,  fonoroufnefs,  and  fufibility,  whereby  the 
minute  parts  of  hollow  moulds  may  be  readily 
filled  before  it  fixes  in  cooling.  For  cannon,  a 
lower  portion  of  tin  feems  to  be  ufed.  According 
to  Dr.  Watfon,  * the  metal  ufed  at  Woolwich  is 
100  parts  of  -copper  and  8 to  12  of  tin.  Hence 
it  ftill  retains  fome  little  malleability,  and  of 
courfe  is  tougher  than  with  more  tin.  Bronze 
cannon  are  much  lefs  liable  to  ruft  than  thofe 
of  iron,  but  in  large  pieces  of  ordnance,  by  very 
rapid  firing  the  touch-hole  is  apt  to  melt  down 
and  fpoil  the  piece  ; of  which  there  is  a remark- 
able inftance  at  the  Tower  of  London  of  a 
mortar  of  the  largeft  calibre  thus  fpoilt  at  the 
fiege  of  Namur.  On  account  of  the  fonorouf- 

* Dize.  Jour.  Phyf. 


nefs  of  bronze,  thefe  cannon  give  a much 
{harper  report  than  thofe  of  iron,  which  for  a 
time  impairs  the  hearing  of  the  people  that 
work  them.  A common  alloy  for  bell- metal  is 
about  80  of  copper  to  20  of  tin  ; or  where  cop- 
per, brafs,  and  tin  are  ufed,  the  copper  is  from 
70  to  80  per  cent,  including  the  portion  con- 
tained in  the  brafs,  and  the  remainder  is  tin, 
and  zinc.  The  zinc  certainly  makes  it  more 
fonorous.  Antimony  is  alfo  often  found  in 
fmall  quantity  in  bell-metal.  Some  of  the  finer 
kinds  ufed  for  fmall  articles  contain  alfo  a little 
filver,  which  much  improves  the  found. 

When  the  tin  is  nearly  one-third  of  the  alloy 
it  is  then  moft  beautifully  white,  with  a luftre 
almoft  like  that  of  mercury,  extremely  hard, 
very  clofe-grained,  and  perfe&ly  brittle.  In 
this  ftate  it  takes  a moft  beautiful  polifti,  and 
is  admirably  fitted  for  the  reflexion  of  light 
for  all  optical  purpofes.  It  is  then  called  fpe- 
c uhwi  metal,  which  however,  for  the  extreme 
perfection  required  in  modern  aftronomical  in- 
ftruments,  is  better  mixed  with  a very  fmall 
proportion  of  other  metals  particularly  arfenic, 
brafs,  and  filver.  But  the  bafis  of  thefe  com- 
pofitions  is  copper  alloyed  with  nearly  half  its 
weight  of  tin.  The  ufe  of  this  alloy  for  the 
fame  purpofe  is  of  great  antiquity,  and  certainly 
was  in  frequent  ufe  in  the  time  of  Pliny.  Klap- 
roth analyzed  a portion  of  an  antient  fpeculum 
in  the  following  manner.  The  fragment  was 
compaCt,  very  hard,  and  brittle,  the  frefli  fraCture 
greyifh  white,  which  by  polifhing  acquired  a 
beautiful  luftre.  A hundred  grains  were  heated 
with  nitric  acid,  whereby  a blue  folution  was 
made,  and  a part  remained  undifTolved.  The 
folution  being  firft  tried  without  effeCl  with 
muriat  of  foda  for  filver,  was  mixed  with  a fo- 
lution of  fulphat  of  foda,  which  gave  a white 
precipitate  of  fulphat  of  lead,  equivalent  to  6 
grains  of  lead.  The  copper  was  then  feparated 
by  iron,  and  amounted  to  62  grains.  The  un- 
diflolved  portion  flowly  digefted  with  muriatic 
acid,  gave  a ftraw-yellow  folution,  which,  de- 
compofed  by  zinc,  gave  32  grs.  of  metallic  tin. 
This  fpeculum  therefore  confided  of  62  parts 
of  copper,  32  of  tin  and  8 of  lead,  which  laft 
was  probably  an  adulteration  of  the  tin  and  not 
added  defignedly. 

When  more  tin  is  added  than  amounts  to 
half  the  weight  of  the  copper,  the  alloy  begins 
to  lofe  that  fplendid  whitenefs  for  which  it  is 
fo  valuable  as  a mirror,  and  becomes  more  of  a 
blue-grey.  As  the  tin  increafes,  the  texture 
becomes  rough-grained,  and,  as  it  were,  rotten, 

1.  36.  > Eflays. 


COP 


COP 


( 349  ) 


and  totally  unfit  for  manufacture.  The  fpecu- 
lum  metal  is  therefore  in  the  higheft  proportion 
of  alloy  of  tin  that  copper  will  admit  lor  any 
tifeful  purpofe. 

A perfeCt  fpeculum-metal  fhould  be  quite 
white  without  (hewing  any  cad  of  yellow  when 
polilhed,  not  very  liable  to  tarnifh,  quite  free 
from  pores  even  when  examined  by  a lens,  of  a 
certain  coherence  or  toughnefs  to  bear  the  grind- 
er, and  for  the  convenience  of  working,  as  foft 
as  may  be  confident  with  the  other  requifites. 

Mr.  Mudge,  whofe  fpecula  were  celebrated 
for  their  goodnefs,  obferves,  that  the  extreme  of 
whitenefs  is  given  by  32  parts  of  copper  and  16 
of  tin,1  but  this  is  exceflively  hard  and  brittle; 
that  32  of  copper  with  14^  of  tin  is  dill  quite 
white  and  as  hard  as  can  be  wrought.  He  alfo 
obferved  by  many  trials,  that  the  metal  to  turn 
out  free  from  pores  fhould  be  twice  fufed,  that 
is,  the  fird  time  for  the  purpofe  of  mixture  (in 
which  the  copper  is  to  be  fird  melted  feparately) 
and  then  remelted  with  as  little  heat  as  poffible, 
for  cading.  As  there  is  always  fome  lofs  by 
the  calcination,  chiefly  of  the  tin,  a little  allow- 
ance in  the  proportion  of  this  latter  may  be 
made  on  account  of  the  double  fufion. 

The  mod  elaborate  mixture  and  accurate 
directions  on  this  important  fubjeCt  are  given 
by  Mr.  Edwards,  whofe  fpecula  are  of  extreme 
excellence,  and  are  publifhed  in  the  nautical 
almanac  for  1 787, u of  which  the  following  are 
the  leading  particulars. 

The  quality  of  the  copper  fhould  fird  be  tried 
by  adding  fucceffively  from  fo  much  fhort  of 
half  its  weight  of  tin  that  it  proves  a little  yel- 
low, to  the  full  half  of  tin,  and  by  comparifon 
afcertaining  the  maximum  of  whitenefs,  ob- 
ferving  that  beyond  this  point  the  alloy  begins 
to  lofe  part  of  die  brilliance  of  fraCture  and  to 
become  bluifh.  When  this  is  found, take  32  parts 
of  the  copper,  melt  it,  add  one  part  of  brafs  and 
as  much  filver,  with  a little  black  flux  to  cover 
the  furface  ; when  thefe  are  melted,  dir  with  a 
wooden  rod,  and  pour  in  from  15  to  1 6 parts 
of  tin  (according  as  found  neceffary  by  pre- 
vious experiment)  fufed  in  a feparate  crucible 
with  a low  heat,  dir  the  mixture  again,  and 
immediately  pour  it  into  cold  water.  Then  in 
the  fecond  melting  (with  as  little  heat  as  will 
fuffice)  take  for  every  16  parts  of  the  compo- 
fition  1 part  of  white  arfenic,  wrap  it  in  paper, 
thrud  it  to  the  bottom  of  the  fluid  metal,  and 
dir  with  a wooden  rod  till  no  more  arfenical 
fumes  efcape,  immediately  after  which  cad  the 
«netal  in  a fand-mould.  Then  while  it  is  dill 
4 Phil.  Tranf.  vol.  67.  * or  Nicholfon’s  Journal,  4to, 


red-hot  lay  it  in  a pot  full  of  very  hot  embers 
and  cool  it  very  (lowly : unlefs  this  precaution 
is  particularly  obferved,  the  m^tal  will  fly  in 
pieces  when  cold,  fometimes  even  long  after 
all  fuch  danger  is  thought  to  be  pad;  or  it  will 
fplit  in  the  poliihing.  For  the  particular  man- 
ner of  condruCting  the  mould,  and  the  whole 
of  the  nice  and  laborious  operations  of  grinding 
and  polifliing  to  a perfe&ly  true  figure,  the 
reader  is  referred  to  the  two  papers  above  men- 
tioned. 

Both  the  brafs,  and  the  filver,  and  the  arfenic' 
appear  to  have  their  didinCt  ufe.  The  brafs 
makes  the  mixture  tougher  and  not  fo  excef- 
fively  hard  and  brittle.  The  filver  improves1 
both  the  texture  and  colour,  but  is  not  an  eflential 
though  really  an  ufeful  addition.  The  arfenic 
is  found  by  aCtual  comparifon  to  make  the 
metal  finer,  and  particularly  clofer  in  texture, 
and  therefore  lefs  liable  to  be  porous.  It  fen- 
fibly  increafes  the  fpecific  gravity,  which,  be- 
fore  the  arfenic  is  added,  is  8.78,  but  after- 
wards, 8.89.  It  is  added  in  the  fecond  melt- 
ing, that  as  little  as  poflible  may  be  diflipated 
in  vapour.  A greater  proportion  would  make 
the  metal  liable  to  tarnifli.  An  alloy  contain- 
ing 6 of  copper,  2 of  tin,  and  1 of  arfenic,  is- 
nearly  the  proportion  of  Sir  I.  Newton’s  fpe- 
cula, which  is  very  good,  but  polilhes  fome- 
what  yellow. 

The  feparation  of  copper  from  bell-metal  and 
all  the  tin  alloys  in  the  large  way,  happened  to 
be  an  object  of  confiderable  importance  in 
France  in  the  midft  of  the  revolutionary  warr 
when  the  importation  of  copper  was  nearly  im- 
practicable, and  a large  quantity  of  it  was  re- 
quired for  general  purpofes,  and  particularly 
for  the  coinage.  A number  of  very  ingenious 
experiments  were  then  made  on  the  bed  method 
of  freeing  the  metal  ol  church  bells  from  their 
tin  and  other  alloy,  and  obtaining  thence  a good 
malleable  copper  with  the  lead  poflible  expence 
or  lofs. 

The  circumdances  in  which  it  is  worth  while 
to  melt  down  great  bells  for  the  fake  of  the  pure 
copper  do  not  often  occur,  but  the  various  pro- 
ceeds may  be  here  (hortly  noticed  as  important 
to  the  hidory  of  the  chemical  properties  of  cop- 
per alloys,  and  as  a very  happy  example  of  the 
application  of  theoretic  chemidry  to  the  pur- 
pofes  of  manufacture.  Pelletier31  and  Fourcroy  f 
leem  to  have  chiefly  didinguifhed  themfelves  in 
this  refearch,  and  each  chemid  appears  to  have 
followed  nearly  the  fame  track,  but  with  an 
acknowledged  priority  in  the  former. 
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The  great  principle  on  which  all  the  modes  proportion  of  frelh  metal,  the  former  ferves  as 
of  purifying  bell-metal  depend,  is  the  much  a reducing  flux  to  the  latter,  and  the  whole  may 
more  ready  oxidability  of  tin  by  the  united  then  be  made  to  yield  a large  portion  of  puri- 
adtion  of  heat  and  oxygen,  than  copper.  Hence  lied  copper.  This  very  ingenious  plan  has  been 
even  when  bell-metal  is  limply  kept  melted  in  found  to  anfwer  extremely  well  in  experiments 
an  open  vefl'el,  a degree  of  feparation  of  the  two  made  in  the  large  way,  as  will  prelently  be 
metals  begins  inflantly,  the  tin  oxidating  much  mentioned. 

fafter  and  fooner  than  the  copper,  and  of  courfe  Several  fubftances  have  been  tried  that  might 
the  proportion  of  copper  being  therefore  con-  affift  in  the  firft  oxygenation  of  the  bell-metal 
ftantly  increafing  in  the  fluid  metal  below.  and  fhorten  the  procefs.  Of  thefe',  nitre  and 

Another  equally  important  circumltance  alfo  oxyd  of  manganefe  anfwer  the  moft  completely, 
depending  on  the  much  ftronger  affinity  of  tin  For  experiment  in  the  fmall  way,  ioo  parts  of 
for  oxygen  is,  that  when  oxyd  of  copper  is  bell-metal  were  powdered  and  mixed  with  about 
mixed  with  tin  at  its  loweft  Hate  of  oxygena-  14  of  nitre,  and  heated,  at  firft  flowly,  after- 

tion,  the  tin  Hill  retains  its  fuperior  affinity  for  wards  ftrongly,  and  gave  from  57  to  63  parts  of 

oxygen,  and  deprives  the  oxyd  of  copper  oi  this  copper,  very  malleable,  but  not  quite  pure, 
principle,  and  the  products  are,  tin  highly  oxy-  With  a larger  quantity  of  nitre  the  copper  is 
genated  and  in  a pally  femi-fluid  mafs,  and  purer,  but  more  is  loft  in  the  fcoriae. 

' copper  in  the  reguline  ftate,  partly  collected  at  A hundred  parts  of  bell-metal  mixed  with  25 
the  bottom  of  the  vefl'el  and  partly  in  fmall  glo-  parts  of  oxyd  of  manganefe,  covered  with  broken 
bules  entangled  in  the  oxyd  of  tin.  glafs,  and  ftrongly  heated  for  an  hour,  gave 

The  direct  experiments  of  Fourcroy  on  this  36  parts  of  very  good  copper.  It  is  of  fome 

point  are  valuable.  importance  to  add  glafs  or  fome  other  faline 

A bell-metal  was  firft  made  with  80  parts  of  flux,  as  this  brings  the  whole  into  thorough 
copper  and  20  of  tin,  both  pure.  fufion,  and  allows  the  copper  to  fubfide  through 

Of  this  alloy  100  parts  were  put  on  a muffle  the  vitrified  oxyd  of  manganefe.  Where  this 
and  expofed  for  a certain  time  to  a red  heat,  is  not  done  (and  in  the  large  way  it  would  add 
with  accefs  of  air.  The  whole  was  converted  to  the  expenfe)  much  of  the  copper  is  entangled 
to  a grey  oxyd  and  weighed  104  parts.  It  was  in  the  vitrified  manganefe,  and  a fubfequent 
then  heated  ftrongly  for  half  an  hour,  and  operation  is  required  to  feparate  it. 
yielded  a button  of  pure  copper  weighing  54  In  the  precedes  of  two  other  chemifts,  fait 
parts.  Confequently  26  parts  of  copper  re-  and  fand  have  each  been  found  ufeful  additions 
mained  unreduced  and  mixed  with  the  fcoriae  in  the  refining  of  bell-metal, 
of  the  oxyd  of  tin.  We  may  add  the  detail  of  two  trials  made  in 

A hundred  parts  were  calcined  as  above  till  the  large  way  by  z Pelletier  and  Darcet  by  order 
they  increafed  to  117.  This  being  ftrongly  of  the  French  government,  the  one  in  which  a 
heated  for  half  an  hour  gave  a brown  mafs,  from  portion  was  firft  oxydated,  and  this  ufed  as  a 
which  no  copper  feparated,  except  a few  inter-  reducing  flux  for  the  remainder,  without  any 
fperfed  globules.  This  therefore  was  too  much  foreign  addition  whatfoever  : and  the  other  in 
oxygenated,  that  is,  the  tin  had  combined  with  which  the  refining  was  affifted  by  oxyd  of  man- 
fo  much  oxygen  in  the  firft  operation  that  it  ganefe.  It  may  be  premifed  that  the  manipu- 
could  not  afterwards  feparate  any  from  the  lation  of  large  quantities  is  not  the  fame  as  with 
oxyd  of  copper.  fmall,  particularly  in  the  cafe  of  reduction  to 

A hundred  parts  were  treated  in  the  fame  way  grofs  powder,  which  may  be  eafily  done  in  an 
till  they  increafed  to  1x2.  This  melted  into  a iron  mortar  on  a few  ounces  or  pounds,  but  not 
brown  mafs  containing  more  globules  of  cop-  with  any  economy  on  large  weights.  Large 
per  than  the  laft,  but  ftill  the  greater  part  re-  mafles  therefore  are  firft  heated  red-het,  when 
mained  unreduced.  they  may  be  eafily  broken  up  and  fpread  about 

Hence  it  appears  that  even  an  increafe  of  12  by  an  iron  bar,  and  this  is  the  way  conftantly 
on  100  is  too  much,  and  by  other  experiments,  pradtifed. 

the  above  chemift  fixes  the  proper  point  of  The  firft  procefs  was  .that  of  refining  without 
oxidation  at  which  oxyd  of  copper  is  reducible  addition.  For  this  purpofe  400  pounds  of 
l>y  oxyd  of  tin  to  be  from  5 to  7 on  100  of  metal  were  put  on  a furnace,  and  when  red-hot 
common  bell-metal.  However,  when  too  highly  broken  up  with  an  iron  bar,  and  fpread  about 
oxygenated  metal  is  mixed  with  the  requifite  with  conftant  ftirring  till  the  whole  was  con- 

* Memoires  de  Pelletier,  tom.  a. 
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verted  into  a reddifh  oxyd,  fomewhat  cohering, 
and  {hewing  the  appearance  of  copper  approach- 
ing to  reduction.  The  400  lbs.  were  increafed 
hereby  to  425  lbs.  2 ounces,  making  an  increafe 
of  above  63-  on  xoo. 

Next,  800  lbs.  of  frefli  metal  were  melted  on 
a reverberatory,  and  the  425  lbs.  2 ounces  of 
oxyd  were  added  to  it  with  conftant  ftirring 
for  about  20  minutes.  The  fire  was  continued 
for  nine  hours  with  occafional  ftirring  of  the 
metal,  and  famples  were  drawn  from  time  to 
time,  which  {hewed  a gradual  approach  in  the 
melted  metal  to  the  ftate  of  pure  copper.  As  the 
refining  took  place  at  the  furface  of  the  fluid 
metal,  or  the  point  of  contadt  between  it  and 
the  fcoria,  the  metal  was  there  purer  than  at 
the  bottom.  Nine  hours  after  the  melting  of 
the  metal  the  copper  beneath  the  fcoria  was 
fine,  red,  and  fibrous,  and  was  then  run  off  into 
moulds.  The  fcoria  remained  in  for  half  an 
hour  longer  to  melt  out  part  of  the  metal  en- 
tangled in  it,  which  was  then  let  out,  and  laftly, 
the  fcoria  itfelf  was  raked  out,  which  was  a 
black  and  pafty  mafs  that  hardened  exceflively 
when  cold,  and  ftill  contained  fome  copper 
entangled  in  its  fubftance.  The  refults  of  this 
operation  were  761  lbs.  12  ounces  of  copper 
run  into  the  moulds;  46  lbs.  of  copper  fweated 
out  of  the  fcoria,  and  7 lbs.  4 ounces  of  fmall- 
grained  copper,  famples,  &c.  or  in  total  915  lbs. 
of  copper  from  1200  of  metal,  ornearly.68  from 
100.  The  fcoria  weighed  474  lbs.  and  when 
thoroughly  bruifed  in  a ftamping  mill,  and 
waflied,  it  gave  18  lbs.  more  of  copper. 

Thus  then  by  this  fimple  procefs  nearly  70 
parts  (in  all)  of  very  good  copper  may  be  got 
from  100  parts  of  metal,  whofe  known  contents 
of  copper  are  about  80  per  cent. 

The  fecond  procefs  was  that  with  the  affift- 
ance  of  black  oxyd  of  manganefe. 

In  the  fame  furnace  800  lbs.  of  bell-metal 
were  firft  melted,  and  kept  very  hot,  after  which 
25  lbs.  of  oxyd  of  manganefe  were  thrown  in, 
and  the  whole  ftirred  and  mixed  with  great 
care.  Two  hours  after,  15  lbs.  more  of  the 
manganefe  were  ftirred  in,  and  the  metal  even 
then  was  fenfibly  purer  than  at  firft.  This  al- 
ternate addition  of  manganefe,  and  ftirring,  con- 
tinued till  100  lbs.  of  manganefe  were  ufed, 
during  which  the  metal  conftantly  kept  refining. 
Ten  hours  after  the  firft  melting,  the  copper 
was  found  to  be  foft,  fibrous,  and  good,  and 
was  run  off  into  moulds.  It  weighed  520  lbs. 
The  fcoria  was  fofter  than  the  former,  and  not 
fo  well  melted.  It  weighed  344  lbs’,  and  was 
ftill  vifibly  rich  in  copper,  as  was  proved  by 


after  wafhing.  The  copper,  exclufive  of  that 
in  the  fcoria,  here  amounted  to  about  60  from 
100  of  bell-metal. 

From  thefe  and  many  other  experiments  it 
appears  that  by  very  fimple  means  from  fix  to 
feven  eighths  of  the  copper  actually  contained 
in  bell-metal  may  be  extracted ; and  in  particu- 
lar circumftances  this  may  be  pra&ifed  to  ad- 
vantage, but  on  the  other  hand  the  tin  is  loft  to 
moft  economical  ufes,  as  its  reduction  from  the 
ftate  of  an  impure  femi-vitrified  fcoria  is  ex- 
tremely difficult  and  expenfive. 

COPPERAS  is  a kind  of  generic  term  fyno- 
nirnous  with  Vitriol , and  applied  in  commerce 
and  manufacture,  with  the  diftinCtion  of  blue, 
green  and  white , to  the  metallic  falts  the  fulphaU 
of  copper,  iron,  and  zinc , 

CORAL.  This  beautiful  fubftance  formerly 
much  employed  in  medicine,  is  now  (in  this 
country  at  leaf!)  entirely  referred  for  ornamen- 
tal purpofes.  Chemical  tsalyfis  {hews  it  to  be 
compofed  almoft  entirely  of  carbonat  of  lime 
organized  by  means  of  a portion  of  animal 
membrane.  See  Shell  and  Bone. 

CORK.  Kork,  Germ.  Liege,  Fr. 

Cork  is  the  bark  of  an  evergreen  cak  (Quer- 
cus  fuber  Linn.)  that  grows  in  the  fouthern 
parts  of  Europe,  and  on  the  fhores  of  the  Medi- 
terranean : it  is  ftripped  off  every  three  years  in 
large  maffes  from  two  to  three  inches  in  thick- 
nefs,  and  of  a fomewhat  curved  figure  corref- 
ponding  with  that  of  the  trunk  of  the  tree.  The 
only  preparation  which  cork  undergoes  is  that 
of  being  flattened  ; for  this  purpofe  it  is  fcorched 
on  both  fides  to  foften  it,  and  in  this  ftate  is 
laid  between  flat  heavy  planks  till  it  is  cold. 
Cork  is  of  a light  brown  colour,  and  a very  fine 
fpungy  texture,  is  very  foft,  but  requires  an  ex- 
tremely ffiarp  knife  to  cut  it  fmootlfly,  a dull 
one  only  tearing  it.  It  is  confiderably  elaftic, 
and  its  fp.  gr.  is  no  more  than  0.24,  hence  it  is 
the  moft  buoyant  in  water  of  any  ligneous  fub- 
ftance. It  has  a faint  peculiar  aromatic  odour, 
and  little  or  n.o  tafte.  It-,is  readily  inflammable, 
burning  with  a large  yellow  flame,  which,  how- 
ever foon  goes  out  of  itfelf,  and  leaves  behfiid  a 
bulky,  foft,  impalpably  pulverulent  charcoal. 

Water,  by  long  deeaCLon  with  cork,  acquires 
a brownifh  colour,  and, tastes  up  a quantity  of 
extractive  matter  in  the  proportion  of  about  40 
grains  from  an  ounce;  of  the'refidue  alcohol 
takes  up  1 1 grains.  An  ounce  of  cork  digefted 
firft  in  alcohol  loft  42  grains,  and  by  iubiequent 
decottion  in  water  8 grains  more.  From  the 
fpirituous.  tinftures  a powdery  matter  precipi- 
tated, of  a reddiftt  colour  when  the  cork  had 
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pot  been  previoufly  boiled  with  water,  but  other- 
wife  of  an  afh-grey.a 

Cork  is  corroded,  and  almoft  entirely  diflolved 
by  nitrous  acid,  and  in  1787  Brugnatelli  repeat- 
ing this  experiment,  thought  that  a peculiar 
acid  was  thus  produced.  The  inveftigation  was 
afterwards  taken  up  by  B.  La  Grange  with  the 
following  refult.b  He  took  finely  rafped  cork, 
and  added  to  it  in  a retort  fix  times  its  weight 
of  moderately  ftrong  nitrous  acid.  By  digeftion 
at  a moderate  temperature  nitrous  gas  is  given 
put,  the  cork  fwells  and  becomes  yellow,  and 
finally  is  almoft  entirely  diflolved.  When  the 
red  vapours  ceafe,  the  liquor  is  to  be  transferred 
into  a glafs  capfule,  and  is  to  be  gently  evapo- 
rated till  it  becomes  thick,  and  a pungent  vapour 
begins  to  be  difengaged.  A fubftance  is  thus 
procured  of  the  confidence  of  thick  honey,  of  a 
lemon-yellow  colour,  and  a lively,  penetrating, 
aromatic  odour.  In  order  to  feparate  the  acid 
generated  in  this  procefs  from  the  other  matters 
with  which  it  is  mixed,  the  whole  is  to  be  dif- 
folved  in  twice  its  weight  of  hot  diflilled  water, 
and  palled  quickly  through  a filter,  by  which  a 
fmall  quantity  of  an  inflammable  fubftance  ana- 
logous to  wax  will  be  feparated.  The  clear 
liquor  is  of  a light  amber  colour  with  an  odour 
approaching  to  that  of  pruflic  acid.  By  refri- 
geration it  becomes  turbid,  and  depofits  a pul- 
verulent fediment  which  is  the  acid  of  cork,  or 
fuberic  acid.  The  acid  yet  remaining  in  the 
mother  liquor  may  likewife  be  obtained  by 
repeated  evaporation  and  cooling.  The  fuberic 
acid  thus  prepared  is  of  a yellowilh-brown 
colour,  but  may  be  whitened  by  being  boiled 
with  frefh  burnt  charcoal.  When  pure  it  is  in 
a folid  form,  but  not  cryftallizable ; it  is  acidulous 
and  bitter  to  the  tafte,  is  volatilizable  by  a mode- 
rate heat,  decompofes  all  the  metallic  and  many 
of  the  earthy  falts,  and  combines  with  the  alka- 
lies into  cryftallizable  falts.  Hence  it  is  con- 
(idered  by  La  Grange  as  a peculiar  acid,  and 
Fourcroy  has  ranked  cork,  under  the  name  Suber , 
as  one  of  the  vegetable  principles. 

The  two  chemifts  however,  above-mentioned, 
appear  to  have  been  led  into  an  error  from  not 
having  examined  the  compofition  of  cork  pre- 
vious to  treating  it  with  nitric  acid,  on  which 
account  the  following  faCts c may  not  be  unac- 
ceptable to  the  reader. 

If  cork  previoufly  reduced  by  filing  to  ex- 
tremely fine  powder,  is  digefted  with  alcohol,  a 
brownifh-yellow  tincture  is  produced,  poflefling 
the  faintly  aromatic  odour  of  cork,  and  caufing 

• Neumann,  ii.  p.  428.  b Manuel  de  ( 
* Greville,  Bournon,  Chenevix,  and  Tennant,  in  Phil. 


a flight  ochery  precipitate  in  red  fulphat  of  iron: 
this  alcoholic  folution  being  evaporated  to  dry- 
nefs  by  a very  gentle  heat,  leaves  behind  a 
brittle  brownifh  fediment,  of  a fomewhat  aftrin- 
gent  tafte,  and  confiderably  inflammable.  By 
digeftion  with  water  a portion  of  it  is  diflolved, 
confifting  principally  of  gallic  acid  and  tannin  ; 
for  it, forms  a black  precipitate  with  red  fulphat 
of  iron,  and  throws  down  a curdy  infoluble 
precipitate  from  a folution  of  ifinglafs.  The 
portion  infoluble  in  water  appears  to  be  chiefly 
refinous,  and  this,  no  doubt,  it  is  which  marks 
the  peculiar  characters  of  the  gallic  acid  in  the 
alcoholic  folution.  After  alcohol  has  extracted 
from  cork  all  that  it  is  capable  of  taking  up,  the 
refidue,  when  digefted  in  a weak  folution  of 
cauftic  potafti,  acquires  a deep  reddifh-brown 
colour,  which  it  communicates  to  the  men- 
ftruum.  Muriatic  acid  added  to  faturation 
nearly  deftroys  this  colour  without  occafioning 
any  fenfible  turbidnefs,  nor  does  the  neutralized 
folution  produce  any  change  in  red  fulphat  of 
iron,  fo  that  it  is  probable  that  the  alkali  dif- 
folves  little  or  nothing  but  a fmall  quantity  of 
carbon.  Hence  it  appears  likely  that  the  fuberic 
acid  of  La  Grange  is  only  gallic  acid  converted 
by  nitrous  acid  into  oxalic  acid,  and  combined 
with  a little  refinous  extraCf ; and  that  the  fuber 
of  Fourcroy  confifts  of  vegetable  fibre  in  a very 
loofe  Hate,  mixed  with  refinous  and  extractive 
matter,  and  a little  tannin  and  gallic  acid. 

CORK,  Mountain.  See  Asbest. 
CORROSIVE  SUBLIMATE.  See  Mer- 
cury, Muriat  of. 

CORUNDUM. a Of  this  mineral  there  are 
the  three  following  fub-fpecies. 

1.  Telefia.  Perfect  Corundum , Bournon. 
Telefie , Hauy.  Saphir , Werner.  Sapphire , Ori- 
ental Ruby , &c.  of  the  jewellers. 

Telefia  exhibits  a great  variety  of  colours. 
It  is  pearl-grey,  bluilh-white,  lavender  blue,  Iky 
blue,  azure  or  indigo-blue,  and  then  is  the  fap- 
phire  of  the  jewellers ; or  it  is  peach,  crimfon, 
cochineal,  and  very  rarely  carmine  red,  and  is 
then  called  oriental  ruby  j hence  it  pafles  into 
violet  coloured,  forming  the  oriental  amethyft  ; 
when  yellow  or  reddifh  yellow  it  is  denominated 
oriental  topaz  ; when  yellowifh-green,  oriental 
chryfolite ; and  when  of  a deep  fomewhat 
brownifh  green  it  is  named  oriental  emerald. 
The  colours  are  for  the  molt  part  uniformly 
diftributed,  but  fometimes  two  or  more  occur 
in  the  fame  fpecimen. 

It  occurs  in  fmaH  rounded  pieces  or  cryf- 

im,  ii.  p 414.  * Ong.  Experiments. 
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tallized  in  a (lightly  acute  rhomboid  or  double 
trihedral  pyramid  (its  primitive  figure)  of  which 
the  obtufe  angles  meafure  940,  and  the  acute 
ones  86°. 

1.  Sometimes  the  acute  folid  angles,  or  the 
fummits  of  the  pyramids,  are  replaced  by  planes 
perpendicular  to  the  axis,  fituated  either  above 
or  below,  or  exa&ly  correfponding  with  the 
fhort  diagonal. 

2.  Sometimes  the  edges  of  the  bafe  of  the 
primitive  rhomboid  are  each  of  them  replaced 
by  a plane  parallel  to  the  axis,  thus  feparating 

-the  two  pyramids  by  a hexahedral  prifm  with 
rhombic  planes : when  the  prifm  is  long  the 
terminal  pyramids  often  entirely  difappear. 

3.  Sometimes  the  flat  angles  of  the  primitive 
pyramids  that  reft  on  the  common  bafe  are 
replaced  by  two  new  planes,  thus  rendering  the 
pyramids  enneahedral  as  long  as  any  of  the 
primitive  faces  remain,  but  when  thefe  are  ob- 
literated forming  a dodecahedron,  compofed  of 
two  hexahedral  pyramids  united  bafe  to  bafe. 
This  modification  is  often  combined  with  No.  1. 
in  confequence  of  which  the  fummits  of  the 
dodecahedron  are  more  or  lefs  truncated. 

4.  The  acute  angles  compofing  the  folid 
angle  at  the  fummit  of  the  primitive  rhomboid, 
are  fometimes  replaced  by  fecondary  planes  fo 
inclined  to  the  axis  as  to  form  a very  obtufe 
fecondary  rhomboid. 

The  variety  in  the  form  of  a hexahedral  prifm 
(No.  2.)  appears  fometimes  to  contain  within  it 
a fimilar  prifm  but  of  a different  colour.  The 
cryftals  are  fmall  and  very  fmall,  rarely  middle 
fized.  It  is  commonly  more  or  lefs  tranfparent 
paffing  into  tranflucent.  The  luftre  of  the  tranf- 
parent kinds  is  Ihining  and  vitreous  j of  the 
tranflucent  kinds  generally  gliftening.  When 
thofe  cryftals,  in  which  the  fummits  of  the  pri- 
mitive rhomb  are  replaced  by  fecondary  planes, 
are  tranflucent,  the  planes  juft  mentioned  prefent 
that  varying  luftre  which  is  called  chatoyant : 
and  if  thefe  cryftals  are  cut  en  cabochon , or  in 
the  form  of  an  ellipfe,  taking  care  that  the  fum- 
mit of  the  ellipfe  (hall  be  fituated  exactly  under 
the  point  correfponding  with  the  fummit  of  the 
rhomboid,  there  will  then  be  produced  the  ap- 
pearance of  a ftar  with  fix  rays.  Such  ftones 
are  highly  valued  by  the  jewellers,  and  are 
called  Jlar-Jlones. 

The  fracture  of  the  blue  varieties  of  Telefia 
is  conchoidal  paffing  into  foliated ; that  of  the 
other  varieties  is  foliated.  The  fragments  are 
indeterminately  angular.  Its  hardnefs  is  only 
inferior  to  that  of  the  diamond,  and  the  blue 
varieties  are  uniformly  fomewhat  harder  than 
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the  others.  It  gives  fire  with  fteel,  but  not  very 
eafily.  By  coliifion  it  becomes  luminous  like 
quartz,  and  the  light  from  the  red  varieties  is  a 
very  deep  fire  colour  or  cherry-red.  Its  mean 
fpecific  gravity  is  about  — 4.  but  it  varies  from 
3.907  to  4. i6r. 

It  is  infufible  per  fe  before  the  blowpipe,  but 
when  finely  pulverized  is  foluble  in  borax  and 
partially  in  potafh.  Its  extreme  hardnefs,  and 
the  powerful  affinity  that  fubfifts  between  alu- 
mine  and  filex,  render  it  difficult  to  analyfe. 
According  to  Bergman,  fapphire  is  compofed  of 
35  filex,  58  alumine,  5 lime,  and  2 oxyd  of  iron. 
An  improved  analyfis  of  the  fame  gem  was  made 
by  Klaproth  (by  means  of  cauftic  potafli)  with 
the  following  refults : 

98.5  Alumine, 

0.5  Lime, 

1.0  Oxyd  of  iron. 

100.0 

Finally,  Mr.  Chenevix  fucceeded,  by  the  help 
of  borax,  in  decompofing  this  ftubborn  mineral, 
and  his  analyfes  of  the  fapphire  and  ruby  may 
perhaps  be  looked  upon  as  the  moft  correct  of' 
any. 


Sapphire. 

Ruby. 

Silex 

S-2S  — 

7 

Alumine 

92.  — 

90 

Iron 

I.  — 

1.2 

98.25 

98.2 

Lofs 

*•75 

1.8 

Telefia  occurs  in  veins  in  granite  and  fyenite. 
It  is  found  in  the  kingdom  of  Pegu  and  the 
ifland  of  Ceylon  in  the  Eaft  Indies.  It  feems 
to  have  been  found  by  Count  Bournon  in  the 
province  of  Forez  in  France,  and  has  been  met 
with  in  the  bed  of  the  brook  Expailly,  in  the 
fame  country.  It  is  faid  alfo  to  have  been  dis- 
covered. in  Portugal  and  Bohemia ; and  in  the 
North  of  Italy  by  Profeffor  Pini. 

All  the  varieties  of  Telefia  are  valuable  in 
jewellery  ; but  rubies,  if  not  very  fmall,  bear  a 
confiderably  higher  price  in  proportion  to  their 
weight  than  fapphires  or  any  of  the  other  vari- 
eties. It  is  faid  that  the  light  violet  coloured 
pieces  may  be  rendered  colourlefs  by  being 
heated  in  a charcoal  crucible,  without  impairing 
any  other  of  their  properties,  and  that  fuch 
pieces  are  often  fold  for  diamonds. 

II.  Adamantine  Spar.  Impcrfett  Corundum 
of  Bournon ; Cor  mid  and  Demantfpath  W;  rnerj 
Corindon  Hauy  j Spath  adamantine  Broch. 
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Its  colour  is  greyifh  or  greenilh-white,  or 
yellowiffi-green,  or  fapphire  blue,  or  purplifh- 
red,  or  reddifh-brown.  It  occurs  maffive,  difle- 
minated,  and  cryftallized  in  the  fame  figures  as 
Telefia.  The  cryftals  are  middle-fized  and  large. 
Externally  they  are  for  the  moll;  part  dull  and 
rough,  internally  they  are  tranflucent,  femi- 
tranfparent,  and  fometimes,  though  very  rarely, 
tranfparent.  Their  furface  is  often  covered  by 
ftrongly  adhering  fpangles  of  mica  and  grains  of 
magnetic  iron  ore,  which  laft  is  fometimes 
found  difperfed  through  the  interior  of  the 
cryftals.  Its  internal  luftre  is  Ihining  or  gliften- 
jng,  between  vitreous  and  refinous.  The  termi- 
nal faces  of  fome  of  the  cryftals  are  chatoyant 
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It  occurs  in  veins  in  granite  and  fyenite  and 
other  primitive  mountains  in  India,  China,  and 
Ava.  From  its  extreme  hardnefs,  it  is  in  great 
requeft  in  the  Eaft  for  polilhing  fteel,  and  for 
cutting  and  polilhing  gems.  The  European 
lapidaries  however  prefer  diamond-powder  on 
account  of  the  greater  rapidity  with  which  it 
works, 

III.  Emery.  Scbmiergel  Werner. 

Its  colour  is  intermediate  between  greyiffi- 
black,  and  bluilh-grey.  It  occurs  maffive  and 
diflfeminated ; when  in  mafs  it  is  generally  in- 
crufted  with  magnetic  iron  ore,  pyrites  and 
mica  ; the  latter  fubftance  frequently  penetrates 
the  whole  mafs,  giving  it  when  broken  a filvery 
appearance.  It  poflefles  a gliftening  or  glim- 
mering luftre.  Its  fraCture  is  fine-grained,  un- 
even, palling  into  even  fplintery.  It  is  about 
equal  in  hardnefs  to  adamantine  fpar,  cutting 
flint  and  rock  cryfta!  with  great  eafe.  It  is 
heavy,  and  not  eafily  frangible.  When  mod 
free  from  iron  it  confifts,  according  to  Tennant, 
of  about 

Silex  - 3.4 

Aiumine  92. 

Iron  - 4.6 


like  Telefia.  Its  longitudinal  fraCture  is  ftrait- 
foliated ; its  crofs  fracture  is  fmall  and  imper- 
fectly conchoidal.  Its  fragments  are  rhomboidal. 
Its  hardnefs  is  confiderably  fuperior  to  that  of 
quartz,  and  the  blue  and  red  varieties  are  the 
hardeft.  It  gives  fire  with  fteel,  but  not  very 
eafily.  It  becomes  luminous  by  friCtion  in  the 
fame  manner  as  Telefia.  Its  mean  fp.  gr.  is 
=3.931,  varying  on  the  one  hand  as  far  as 
3.875,  and  on  the  other  to  3.981. 

Adamantine  fpar,  in  its  chemical  properties, 
agrees  with  Telefia.  Its  component  parts  ac- 
cording to  Klaproth  and  Chenevix  are  as  fol- 
lows: 
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When  highly  impregnated  with  iron  it  confift* 
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Emery  is  chiefly  procured  from  the  Iflands  of 
the  Archipelago,  efpecially  from  Naxos.  It  is 
alfo  found  at  Ochfenkopf  in  Saxony,  in  beds  of 
talc  and  fteatite,  accompanied  by  calcareous  fpar 
and  blende. 

It  is  largely  ufed  for  cutting  and  polilhing  by 
lapidaries,  and  workers  in  glafs,  fteel,  &c. 

The  fubftance  called  by  Count  Bournon 
compaCt  corundum,  and  which  accompanies 
adamantine  fpar,  is  probably  an  intermediate 
variety  between  emery  and  adamantine  Ipar.. 
Its  colour  is  a deep  purplilh-red,  it  is  opake,  has 
a compaCt  fplintery  fraCture  refembling  a coarfe 
jafper  It  gives  fp  irks  when  {truck  againft  a 
piece  of  fteel,  and  exhibits  a fierj  red  light  by 
collifion.  It  is  extremely  hard.  Sp.  gr.  3.9.  It 
generally  contains  difperfed  through  its  fub- 
ftance particles  of  magnetic  iron  ore. 

CREAM  OF  LIME.  When  well-burnt  lime 
is  flacked  by  water,,  it  falls  into  a very  fine  im- 
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palpable  powder,  which,  diffufed  in  more  water 
to  the  confidence  of  cream,  remains  for  fome 
time  fufpended  in  it,  and  is  then  called  Cream 
of  Lime. 

CREAM  OF  TARTAR.  This  well-known 
fait  is  compofed  of  tartareous  acid  in  excefs, 
united  with  potafh.  It  is  therefore  accurately 
defined  by  the  term  Super-tartrite  of  Potafh. 
(See  Tartareous  Acid.) 

CROCUS  OF  ANTIMONY  is  a perfeft 
oxyd  of  Antimony  formed  by  nitre,  and  from 
its  yellow  colour  called  crocus  or  faffroti. 

CROCUS  OF  MARS.  This  term  is  given 
to  feveral  yellow  oxyds  of  iron,  formed  by  cal- 
cination in  a red  heat  either  of  the  rud  of  this 
metal  or  of  fulphat  of  iron.  When  finely  levi- 
gated it  is  much  ufed  for  polilhing  deel  and 
other  metals.  See  Iron. 

CRYOLITE.  Cryolith , Karden.  Alumine 

fuate  alkaline , Hauy. 

The  colour  of  this  mineral  is  greyifh-whit4 ; 
it  occurs  in  mafs.  Its  fra&ure  is  lamellar  in 
three  directions,  giving  a rectangular  prifm  for 
its  primitive  form.  Its  ludre  when  broken  in 
the  direction  of  its  laminae  is  fhining  and  vi- 
treous : it  is  confiderably  tranflucent,  and  when 
immerfed  in  water  it  becomes  femitranfparent. 
Its  hardnefs  is  inferior  to  that  of  fluorfpar ; 
when  fcraped  it  is  of  a fnow-white  colour.  Sp. 
gr.  =2.95. 

When  expofed  to  the  blowpipe  it  melts  at 
fird  with  great  eafe,  but  after  a time  becomes 
covered  with  a white  crud,  and  it  is  then  more 
difficult  of  fufion.  It  is  foluble  with  effervef- 
cence  in  fulphuric  acid,  and  at  the  fame  time 
gives  out  fluoric  acid  vapour.  It  has  been  ana- 
lyfed  by  Klaproth  and  Vauquelin  with  the  fol- 
lowing refults. 

Fluoric  acid  and  water  40.5  — 47. 

Soda  - - - 36.  — 32. 

Alumine  - - 23.5  — 21. 
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The  only  fpecimens  of  cryolite  yet  known 
were  brought  by  a miflionary  from  Greenland 
to  Copenhagen,  where  they  lay  unnoticed  for 
fome  years,  till  being  examined  by  Abildgaard, 
they  were  found  to  contain  fluoric  acid  and  alu- 
mine. The  geological  hidory  of  this  mineral 
is  entirely  unknown. 

CRUCIBLE.  An  article  of  chemical  appa- 
ratus. ( See  the  Appendix.) 

CRYSTAL  MINERAL  or  SAL  PRU- 
NELLiE,  is  an  old  preparation  in  chemical 
pharmacy,  now  difufed,  formed  by  melting  a 


pound  of  nitre  and  adding  thereto  as  foon  as 
it  is  red-hot  a dram  of  fulphur.  A deto- 
nation takes  place  and  fulphuric  acid  is  formed, 
which  unites  with  that  portion  of  the  potafh 
from  which  it  has  expelled  the  nitric  acid.  It 
confids  therefore  of  nitre  deprived  of  its  water 
of  crydallization,  united  with  a fmall  portion  of 
fulphat  of  potafh. 

CRYSTAL  Rock.  See  Quartz. 

CRYSTAL.  Crystallization. 

Ice,  on  account  of  the  cafe  with  which  it  is 
liquefied,  was  called  by  the  Greeks  crydal 
( xfvraAXor)  > a term  which  afterwards  came  to 
be  applied  by  the  Roman  naturalids  to  the  fub- 
dance  at  prefent  named  rock  crydal,  becaufe 
from  its  colourlefs  tranfparency,  and  its  being 
procured  among  the  Alps  and  other  cold 
mountainous  regions  it  was  fuppofed  to  be  only 
water  indurated  by  continued  frod  to  a greater 
degree  than  common  ice,  and  therefore  more 
permanent.  Not  only  the  tranfparency  but  the 
remarkably  fymmetrical  figure  of  rock-cry  dal, 
confiding  of  a fix-fided  prifm,  terminated  by  a 
fix-fided  pyramid,  more  or  lefs  perfeff,  was  noti- 
ced with  l'urprize  and  delight;  and  as  foon  as  it 
was  obferved  that  nitre  and  certain  other  falts 
were  alfo  capable  by  particular  management  of 
exhibiting  a fimilar  prifmatic  f&rm,  the  term 
crydal  aflumed  a more  general  meaning  and 
included  all  thofe  regular  polyhtedral  tranfparent 
folids  which  are  prefented  to  our  notice  either 
by  nature  or  chemidry.  In  this  fenfe  the  word 
is  employed  by  the  old  chemids,  and  the  crys- 
talline form  was  confidered  as  peculiarly  cha- 
rafteridic  of  faline  fubdances.  By  degrees  it 
was  found  that  the  fame  tendency  to  fymmetri- 
cal arrangement  which  had  been  noticed  in  the 
clafs  of  falts,  obtained  alfo  in  the  metallic  ores 
and  in  a variety  of  other  bodies  belonging  to 
the  mineral  kingdom ; and  at  length  fome  able 
naturalids  and  chemids,  chiefly  of  the  French 
fchool,  began  to  be  of  opinion  that,  with  the 
exception  of  animal  and  vegetable  matter  either 
living  or  in  a date  of  imperfedl  decompofition, 
every  folid  fubdance  in  nature  was  capable  of 
crydallization.  They  moreover  maintain  that 
each  fpecies  has  a peculiar  chara&eridic  form 
to  which  all  the  varieties  of  crydallization  that 
it  exhibits  may  be  reduced,  and  that  all  amor- 
phous bodies  are  mere  homogeneous  or  hetero- 
geneous aggregates,  in  which  the  proper  fpecific 
chara&er  is  obliterated. 

All  compound  bodies  (and  it  is  highly  pro- 
bable that  mod  of  thofe  which  chemidry  is 
obliged  to  rank  as  Ample  are  in  fa£t  compound- 
ed) may  be  confidered  as  made  up  of  integrant 
2 Y 2 


CRY 


CRY 


( 556  ) 


particles,  each  cf  which  is  again  compofed  of 
elementary  ones.  Thus  a mafs  of  muriated  foda 
confifts  of  a vaft  multitude  of  little  cubes,  which 
are  its  integrant  particles,  each  of  which  is 
refolvable  into  muriatic  acid  and  foda,  which 
are  its  elementary  particles.  With  the  latter  of 
thefe  cryflallization  has  nothing  to  do,  nor  is  it 
poflible  to  afcertain  their  forms,  fince  they  are 
not  decompofable  by  means  which  have  any 
relation  to  form.  Thus  when  a piece  of  com- 
mon fait  is  pounded  in  a mortar,  the  concuf- 
fions  that  it  receives  are  continually  deftroying 
the  adhefion  between  its  integrant  particles,  and 
though  perhaps  it  is  incapable  of  being  a&ually 
and  compleatly  refolved,  on  account  of  the 
comparative  coarfenefs  of  the  inftruments  that 
we  are  obliged  to  make  ufe  of,  yet  we  fee  an 
evident  approximation  to  this,  and  cannot  doubt 
that  a continuance  of  the  fame  means  with 
more  perfe£l  inftruments  would  be  compleatly 
efficacious.  Now  a body  that  is  mechanically 
divifible  muft  be  produced  by  the  adhefion  or 
aggregation  of  its  conftituent  particles,  and 
thefe,  both  with  regard  to  their  forms  and  the 
manner  in  which  they  adhere  to  each  other,  are 
proper  obje&s  of  meafurement  and  mathematical 
calculation.  The  cafe  however  is  widely  dif- 
ferent with  regard  to  the  elementary  particles 
of  which  the  integrant  moleculte  are  compofed  : 
thefe  are  incapable  of  being  in  the  fmalleft 
degree  feparated  by  percuffion  or  any  kind  of 
mechanical  force,  and  therefore  the  mode  of 
their  combination  is  not  capable  of  being  ex- 
plained by  geometrical  calculation. 

All  the  integrant  particles  of  the  fame  fub- 
ftance  are  of  the  fame  figure,  and  the  great 
varieties  that  appear  in  its  cryftalline  forms  are 
owing  to  the  different  modes  in  which  its  par- 
ticles are  aggregated  upon  each  other.  This  is 
evident,  becaufe  by  dividing  the  moft  complex 
cryftals  in  the  dire£!ion  of  their  laminae,  a re- 
gular figure  called  the  nucleus  or  primitive 
figure  will  be  at  length  produced,  which  is  fur- 
ther divifible  only  in  a direction  parallel  to  its 
fides,  and  the  correfponding  angles  of  which  in 
any  number  of  fpecimens  will  be  found  to  be 
ftri&ly  equal.  But  though  the  nuclei  of  all 
cryftals  belonging  to  the  fame  fpecies  accurately 
correfpond  with  each  other  in  their  form  and 
the  dimenfions  of  their  angles,  yet  it  is  by  no 
means  true,  as  has  been  haftily  afferted,  that 
every  fpecies  has  a peculiar  primitive  form. 
Thus  boracite,  muriat  of  foda,  galena  and  iron 
pyrites  have  the  fame  primitive  form,  namely  a 
cube,  and  the  fame  integrant  molecule  which  is 
a cube  alfo.  In  like  manner  fluor  fpar,  alum, 


fpinelle  ruby,  diamond,  ruby  copper,  bifmuth 
and  antimony  afford  by  calculation  and  mechani- 
cal divifion  a regular  oeftohedron  for  their  pri- 
mitive figure,  compofed  of  regular  tetahedral 
integrant  particles.  With  the  exception  how- 
ever of  thefe  nuclei,  which  are  regular  geo- 
metrical folids,  and  therefore  unfufceptible  of 
any  variety  in  their  dimenfions,  it  may  be  af- 
firmed that  no  two  nuclei  of  different  fpecies 
have  precifely  the  fame  dimenfions ; thus  the 
primitive  form  both  of  calcareous  fpar  and  tour- 
maline is  an  obtufe  rhomboid,  but  in  the  former 
the  obtufe  angles  are  = ioi°  32',  while  in  the 
latter  they  are  — 1130  34'.  The  primitive 
forms  that  have  hitherto  been  obferved  are  the 
following : 1 . the  cube ; 2.  the  regular  o£!o- 
hedron ; 3.  the  regular  tetrahedron ; 4.  the 
rhomboidal  dodecahedron;  5.  the  rhomboid; 
6.  the  o&ohedron  compofed  of  two  pyramids, 
with  fquare,  re£langular  or  rhombic  bafes ; 7. 
the  tetrahedral  prifm  either  ftrait  or  oblique, 
with  fquare,  reftangular  or  rhombic  bafes;  8. 
the  regular  hexahedral  prifm  ; 9.  the  pyramidal 
dodecahedron. 

It  has  been  the  pradftife  of  fome  latev authors 
to  extend  the  meaning  of  the  term  cryftallization 
fo  as  to  make  it  fynonimous  with  the  attra&ion 
of  aggregation  ; this  however  appears  to  be  in- 
judicious ; the  latter  comprehends  every  fpecies 
of  formation  by  which  folids  are  produced,  but 
the  former  exprefles  only  that  regular  arrange- 
ment of  homogeneous  integrant  particles  by 
which,  when  interrupted,  cryftalline  laminae, 
and  when  uninterrupted,  entire  cryftals,  are 
produced  ; aggregation  therefore  includes  cryf- 
tallization, which  is  only  a mode  or  fpecies  of 
the  former.  It  is  of  importance  to  bear  in  mind 
that  not  only  a regular  external  figure,  but  a 
regular  internal  ftru&ure  is  neceffary  to  confti- 
tute  a cryftal;  otherwife  a column  of  bafalt 
might  be  considered  as  a prifmatic  cryftal,  an 
error  which  fome  of  the  older  mineralogifts  have 
actually  fallen  into. 

The  integrant  molecule  of  different  fubftancea 
appear  to  be  pofleffed  of  very  different  degrees 
of  cryftalline  polarity;  the  relative  force  of 
which  may  be  eftimated  in  fome  meafure  from 
the  comparative  quantity  of  extraneous  matter 
with  which  they  may  be  intimately  mixed  with- 
out annulling  their  power  of  cryftallization,  and 
partly  alfo  from  the  proportion  which  cryftals 
of  any  fpecies  bear  to  the  uncryftallized  maffes 
of  the  fame.  For  this  reafon  carbonat  of  lime 
may  be  confidered  as  endowed  with  a high 
degree  of  cryftalline  polarity,  for  not  only  are 
cryftals  of  this  fubftance  exceedingly  abundant 
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but  they  occur  with  all  the  geometrical  charac- 
ters of  calcareous  fpar,  even  when  mixed  with 
a very  large  portion  of  foreign  ingredients.  Thus 
the  acute  rhomboids  of  calcareous  fpar  which 
are  found  at  Fontainbleau,  contain  more  than 
two-thirds  of  their  weight  of  granular  quartz : the 
primitive  figure  and  cryftalline  varieties  of  pearl 
fpar  are  precifely  thofe  of  calcareous  fpar,  al- 
though, in  many  inftances,  the  carbonat  of  lime 
in  this  mineral  amounts  to  no  more  than  about 
a third  of  its  weight,  the  remainder  being  oxyd 
of  iron  and  manganefe ; again  in  the  bitterfpath 
the  carbonat  of  lime  preferves  its  effential  cryf- 
talline chara&er  though  mixed  with  nearly  half 
its  weight  of  carbonated  magnefia.  On  the 
other  hand,  the  cryftalline  polarity  of  fulphuret 
of  copper  is  probably  but  fmall,  on  account  of 
the  minutenel's  of  its  cryftals,  and  their  compa- 
rative rarity. 

Hardly  any  of  the  cryftallizations  that  are 
performed  by  nature  have  been  imitated  by  art ; 
in  return,  however,  chemiftry  has  been  able  to 
effe£t  the  cryftallization  of  a variety  of  fub- 
ftances,  chiefly  falts,  which  are  not  found  cryf- 
tallized  naturally  j and  by  taking  proper  advan- 
tage of  this  circumftance  has  fucceeded  in 
obtaining  them  in  a ftate  of  greater  purity  than 
any  other  method  could  afford  them. 

All  fubftances  in  order  to  be  cryftallized 
require  that  their  integrant  molecules  Ihould 
be  feparated  from  each  other  by  the  interven- 
tion of  a medium  in  which  they  may  move 
freely  according  to  the  attraction  of  their  cryf- 
talline polarity.  But  this  neceffarily  implies  two 
diftinCt  operations ; for  the  fame  attraction 
exerted  by  the  medium  or  folvent  to  overcome 
the  aggregation  of  a body,  and  reduce  it  to  its 
integrant  molecules  will  alfo  prevent  the  effi- 
cacy of  its  cryftalline  polarity.  It  is  neceffary 
therefore  after  having  annulled  the  aggregation 
of  a folid  by  the  requifite  quantity  of  a folvent, 
to  abftraCt  by  degrees  fuch  a portion  of  it  that 
the  attraction  of  the  remainder  {hall  be  inferior 
to  the  cryftalline  polarity  of  the  fubftance  dif- 
folved.  The  fimpleft  folvent  that  can  be  em- 
ployed is  caloric,  and  many  great  advantages 
attend  its  cxclufive  ufe ; a number  of  cafes 
however  occur,  in  which  its  application  is  im- 
practicable, except  in  combination  with  fome 
liquid  menftruum,  as  water  or  alcohol. 

Solids  that  are  eafily  volatilized  without  de- 
compofition  at  a moderate  temperature,  may  be 
obtained  in  a cryftalline  ftate  by  gradual  fubli- 
mation  in  clofe  veffels.  Thus  when  grey  oxyd 
of  arfenic  is  expofed  to  a low  red  heat  the  ag- 
gregation of  its  integrant  molecules  is  deftroyed, 


and  it  is  converted  into  a vapour  which  at  the 
fame  or  any  higher  temperature  would  continue 
in  a permanently  elaftic  ftate.  This  is  the  firit 
part  of  the  procefs,  namely  the  feparation  from 
each  other  of  the  integrant  particles  of  the 
arfenic,  in  confequence  of  the  addition  of 
caloric,  which  interpofes  itfelf  between  them : 
the  fecond  part  of  the  procefs,  or  the  formation 
of  cryftals  depends  on  the  tendency  to  an  equi- 
librium by  which  it  is  characterized,  and  its 
being  able  to  pafs  with  readinefs  through  media 
that  are  impermeable  to  other  bodies.  When, 
therefore,  the  vapour,  confiding  of  caloric  and 
oxyd  of  arfenic,  arrives  in  the  upper  part  of 
the  veffel,  the  caloric  paffes  through,  like  water 
through  a filter,  while  the  oxyd  of  arfenic  is 
left  behind  •,  this  latter,  therefore,  is  continu- 
ally increafing  in  proportion  to  the  remaining 
caloric,  till  the  cryftalline  polarity  of  the  par- 
ticles of  arfenic  becomes  fuperior  to  the  attrac- 
tion of  the  caloric.  As  foon  as  this  takes  place, 
a ftratum  of  particles  begins  to  be  depofited  on 
the  inner  furface  of  the  containing  veffel,  and 
thefe  ferve  as  a bafis  to  which  all  the  fucceed- 
ing  ones  attach  themfelves  according  to  their 
peculiar  mode  of  arrangement,  in  proportion  as 
their  cryftalline  attra&ion  becomes  fuperior  to 
the  affinity  exerted  by  the  caloric.  In  this  way 
not  only  are  volatilizable  fubftances  when  un- 
mixed with  others  obtainable  in  a pure  cryftal- 
line  ftate,  but  they  may  often  be  feparated  here- 
by from  intimate  mixture  or  combination  with 
bodies  of  greater  fixity.  Thus  benzoic  acid  is 
feparable  in  a cryftalline  form  from  the  refin  with 
which  it  is  naturally  combined  by  taking  advan- 
tage of  its  ready  volatility  at  a moderate  heat : 
thus  alfo  the  manufacturers  of  fal-ammoniac 
feparate  this  fait  from  fulphat  of  foda,  and  pro- 
cure it  of  a cryftalline  texture  by  the  application 
of  a degree  of  heat  fufficient  to  fublime  the 
former,  while  it  has  no  fuch  aCtion  in  the  latter. 

Bodies  may  be  made  to  affume  the  cryftalline 
ftate  not  only  by  the  procefs  of  fublimation 
but  in  many  cafes  by  a temperature  only  fuffi- 
cient to  fufe  them.  If  a mafs  of  bifmuth  is 
melted  in  a crucible,  and  allowed  to  cool  gra- 
dually, although  its  external  figure  is  cafual  or 
amorphous,  yet  its  internal  texture  will  be  found 
to  be  completely  lamellar  in  two  or  three  direc- 
tions, or  cryftalline  ; and  if  the  external  lamellae 
are  fucceffively  removed  from  the  furface  of  a 
fragment,  of  the  fize  of  a hazle  nut  for  example,, 
a regular  oCfohedron  will  at  length  be  obtained 
which  is  the  primitive  form  of  this  metal.  Not 
only  the  texture  but  even  the  cryftalline  figure 
of  bifmuth,  may  be  obtained  by  fufion  with  a 
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little  management : the  metal  being  melted  in 
an  iron  ladle  held  in  a flanting  direction,  is  to 
be  cooled  very  gradually,  and  when  it  begins  to 
confolidate,  the  ladle  being* gently  and  gradually 
inclined  in  the  oppofite  direction,  the  fluid  part 
of  the  metal  will  flow  off  from  that  which  has 
become  fixed,  and  thus  a group  of  cubical 
cryftals  will  be  obtained.  A better  way  of  ob- 
taining cryftals  of  bifmuth,  as  well  as  of  anti- 
mony, fulphur,  the  fulphurets  of  bifmuth  and 
antimony,  and  fome  other  fubftances,  is  to  melt 
a conflderable  quantity  in  a crucible,  and  after- 
wards to  cool  it  as  flowly  as  poflible,  till  a thin 
cruft  has  formed  upon  the  furface,  two  fmall 
oppofite  apertures  being  then  made  through  the 
cruft  with  a pointed  iron,  the  fluid  portion  is  to 
be  quickly  poured  out  by  one  opening  while  the 
air  enters  by  the  other : when  the  crucible  with 
its  contents  is  grown  cold,  the  cruft  is  to  be 
carefully  removed  by  a chizel  or  other  fuitable 
inftrument,  and  a cup-fhaped  hollow  will  pre- 
fent  itfelf  ftudded  with  cryftals  more  or  lefs 
perfect  according  to  the  magnitude  of  the  ori- 
ginal mafs,  the  flownefs  with  which  it  has  cooled, 
and  the  dexterity  with  which  the  fluid  part  has 
been  evacuated. 

There  are,  however,  but  few  chemical  fub- 
ftances, comparatively,  that  can  be  obtained  in  a 
cryftalline  ftate  by  the  agency  of  heat  alone ; 
for  fome  are  decompofable  by  fire,  and  others 
are  either  infufible  or  require  fuch  a high  tem- 
perature for  this  purpofe  as  to  make  its  appli- 
cation exceedingly  troublefome  and  inconveni- 
ent. In  effecting  the  cryftallization  of  nearly 
the  whole  of  the  compound  falts  and  a few 
other  bodies,  recourfe  has  been  had  to  the 
agency  principally  of  water  and  alcohol,  as  thefe 
two  fluids  exert  a conflderable  folvent  power 
on  the  fubftances  expofed  to  their  aCtion,  with- 
out however  decompofing  them ; and  being 
themfelves  readily  volatile  at  a moderate  tem- 
perature, they  may  be  abftra&ed  with  fufficient 
flownefs  to  allow  the  fubftances  held  by  them 
in  folution  to  be  depofited  in  a cryftalline  form. 

When  a mafs  of  fait,  nitre  for  example,  is 
immerfed  in  water  of  the  common  temperature, 
the  cohefive  attraction  of  its  particles  is  oppofed 
by  the  folvent  power  or  chemical  attraction  of 
the  water.  At  firft,  the  nitre,  being  furrounded 
on  all  fides  by  particles  of  uncombined  water, 
begins  to  be  rapidly  difiolved  ; but  as  the  folu- 
tion proceeds,  this  effect  becomes  more  and 
more  languid,  till  at  length  it  entirely  ceafes, 
when  the  number  of  uncombined  particles  of 
water  is  fo  far  reduced  that  the  fum  of  the 
fblvent  forces  of  thofe  which  are  in  contact 


with  the  nitre,  exactly  counterbalances  the  at- 
traction of  cohefion  by  which  the  undiffolved 
refidue  of  the  nitre  is  held  together.  When 
this  ftate  of  equilibrium  takes  place  the  foiution 
is  faid  to  be  faturated ; but  although  this  is  the 
cafe  as  long  as  it  undergoes  no  increafe  of  tem- 
perature, yet  in  proportion  as  the  heat  of  the 
water  is  raifed  the  folvent  power  of  the  liquid 
is  greatly  augmented.  The  fait  therefore  that 
is  contained  in  boiling  hot  water  may  be  con- 
fidered  as  rendered  fluid  by  the  combined  ac- 
tion of  the  heat  and  water,  and  if  this  men- 
ftruum  is  completely  faturated,  it  is  manifeft  that 
in  proportion  as  it  cools  the  cohefive  attraction 
between  the  particles  of  nitre  will  gain  the  af- 
cendency,  and  continue  to  a£t  till  the  oppofing 
forces  of  the  ingredients  of  the  folution  find 
themfelves  again  in  equilibrium.  All  falts 
therefore  which  are  more  foluble  in  hot  than 
in  cold  water,  are  in  part  depofited  from  a fatu- 
rated folution  by  mere  cooling,  and  if  this  is 
done  gradually,  and  without  the  interference  of 
any  materially  difturbing  caufe,  the  particles  as 
they  confolidate  will  arrange  themfelves  in  re- 
gular cryftals.  When  a folution  of  this  kind 
has  depofited  by  cooling,  all  the  faline  particles 
which  it  was  enabled  to  hold  by  its  increafed 
temperature,  in  addition  to  thofe  which  were 
retained  by  the  mere  acftion  of  the  water,  it  is 
obvious  that  recourfe  muft  be  had  to  the  ab- 
ftra&ion  of  the  liquid  menftruum  itfelf  if  we 
with  to  procure  from  it  any  additional  cryftals. 
We  therefore  fubjeCt  the  whole  to  a boiling 
heat  which  has  the  double  advantage  of  driving 
off  part  of  the  water,  and  enabling  the  remain- 
der in  confequence  of  the  increafed  tempe- 
rature ftill  to  hold  the  fait  in  folution.  When 
the  evaporation  has  proceeded  for  fome  time,  a 
faline  pellicle  begins  to  appear  on  the  furface 
of  the  liquor,  which  is  a proof  that  the  cohefive 
attraction  of  the  particles  of  the  fait  is  obtain- 
ing a fuperiority  over  the  folvent  power  of  the 
hot  water,  and  by  continuing  the  evaporation 
the  whole  of  the  water  will  be  driven  off,  and 
the  fait  depofited  in  an  amorphous  uncryftallized 
mafs:  but  if  when  the  pellicle  appears  the  fo- 
lution is  flowly  cooled,  it  will  depofit,  as  at  firft, 
in  a cryftalline  ftate  all  that  portion  of  fait 
which  in  the  cold  faturated  folution  was  com- 
bined with  the  water  that  has  been  evaporated. 
Thus  by  fucceflive  evaporation  and  gradual 
cooling  all  fubftances  capable  of  cryftallizing, 
and  which  are  more  foluble  in  hot  than  in  cold 
water,  may  be  procured  in  their  proper  cryf- 
talline forms. 

A few  falts,  efpecially  muriat  of  foda,  are 
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nearly  equally  foluble  in  water  of  any  tempe- 
rature, thefe  therefore  can  only  be  obtained  in 
a cryftalline  ftate  by  evaporation,  and  to  fucceed 
completely  requires  confiderable  management. 
If  the  folution  is  made  to  boil  the  evaporation 
it  is  true  goes  on  rapidly,  but  the  commotion 
thus  occafioned  in  the  liquor  prevents  that  or- 
derly depofition  of  the  faline  particles  which  is 
abfolutely  requifite  in  order  to  obtain  large  and 
well  formed  cryftals : neither  mull  the  evapo- 
ration be  very  flow  otherwife  the  particles  as 
they  feparate  from  the  liquors  are  principally 
attracted  to  the  fides  of  the  veflel  up  which  they 
afcend,  thus  lining  the  upper  part  of  it  with  an 
amorphous  cruft,  while  hardly  any  cryftals  are 
deposited  at  the  bottom  of  the  veflel. 

All  cryftals  that  are  formed  in  water  return 
a portion  of  this  fluid,  which  is  called  the  water 
of  cryflallization.  Its  proportion  varies  accord- 
ing to  the  nature  of  the  fait  that  is  cryftallized, 
and  appears  to  be  in  an  inverfe  ratio  to  the  force 
of  its  cryftalline  polarity.  Thus  fulphat  of 
potafh,  which  requires  a large  quantity  of  water 
to  counterbalance  the  coheftve  force  of  its  par- 
ticles contains  but  little  water  of  cryftallization, 
whereas  fulphat  of  foda  which  is  readily  foluble 
in  water,  holds  more  than  half  its  weight  of 
water.  This  water  appears  to  be  in  a ftate  of 
chemical  combination  with  the  fait,  and  not 
(imply  interpofed  between  its  cryftalline  laminae; 
the  affinity  however  which  it  exerts  is  but  feeble, 
at  leaft  in  thofe  falts  into  the  compofition  of 
which  it  enters  largely,  fince  a confiderable  pro- 
portion of  it  is  driven  off  by  Ample  expofure  to 
the  air.  In  thefe  cafes  the  cryftal  moulders 
away  to  powder,  and  entirely  lofes  its  peculiar 
figure  and  texture ; hence  it  has  been  argued 
that  this  water  is  eflential  to  the  figure  of  all 
the  falts  in  which  it  exifts:  in  fome  degree  no 
doubt  it  is,  for  if  the  water  is  haftily  driven  ofl^ 
the  texture  of  the  cryftal  is  entirely  deftroyed, 
and  there  are  no  fa£ts  as  yet  obferved  to  prove 
the  poffibility  of  the  earthy  fulphats  affirming  a 
cryftalline  form  by  any  other  medium  than  wa- 
ter, yet  the  following  fa£t  feems  to  fhow  that 
the  form  of  the  cryftal  is  not  liable  to  be  greatly 
modified  by  the  water  of  cryftallization.  If  a 
number  of  cubes  of  common  fait,  produced  by 
evaporation  in  the  ufual  manner,  are  placed  in 
a covered  veflbl  over  the  fire,  as  foon  as  they 
become  heated  they  decrepitate,  or  fly  to  pieces 
with  a crackling  noife  on  account  of  the  eva- 
poration of  their  water  of  cryftallization  : when 
this  noife  ceafes  the  water  is  driven  off,  and 
the  fait  has  loft  its  cubic  ffiape  and  cryftalline 
texture,,  and  is  reduced  to  a fine  white  powder : 


by  augmenting  the  heat  this  powder  enters 
into  fufion,  and  when  cooled  flowly  exhibits 
again  its  cryftalline  texture,  and  breaks  into 
cubical  fragments  in  the  fame  manner  as  before 
it  was  heated. 

If  a cryftallizable  fait  is  perfectly  pure,  its 
folution  will  continue  to  afford  cryftals  by  the 
common  treatment  to  the  very  laft  drop  : but 
as  all  falts  have  a greater  or  lefs  chemical  a&ion 
on  each  other,  it  ufually  happens  when  two  or 
more  coexift  in  the  fame  folution,  that  after 
cryftals  have  been  obtained  by  fucceffive  evapo- 
rations and  coolings,  the  remaining  portion  of 
fluid,  though  charged  to  faturation  with  faline 
matter,  refufes  to  yield  any  more  cryftals.  This 
liquor,  whatever  may  be  die  nature  of  its- con- 
tents, is  known  by  the  general  appellation  of 
M other  water.  Thofe  falts,  the  cryftals  of  which 
are  permanent  in  the  air,  have  the  ftrongeft 
degree  of  cryftalline  polarity ; in  thofe  which 
are  efflorefeent  this  force  is  confiderably  lefs, 
but  it  is  the  weakeft  of  all  in  thofe  that  deli— 
quefee  on  expofure  to  the  air.  Now  if  two 
falts  of  the  firft  clafs  are  diffolved  together  in 
the  fame  quantity  of  water,  provided  they  do 
not  decompofe  each  other,  and  efpecially  if 
their  ratios  of  folubility  are  different,  although 
they  are  rendered  more  foluble  by  their  mutual 
affinity,  yet  they  may  be  obtained  again  in  a 
cryftalline  ftate  without  leaving  any  mother 
water.  Thus  equal  parts  of  nitrat  of  potafh 
and  fulphat  of  potafh,  though  foluble  when 
mixed  together  in  lefs  water  than  would  have 
been  neceflary  for  both  feparate,  afford  by  eva- 
poration fucceffively  and  in  proportion  to  their 
folubility,  firft,  fulphat  of  potafh,  and  then 
nitrat  of  potafh,  without  leaving  any  uncryftal- 
lizable  liquid.  But  on  the  other  hand  if  nitrat 
of  foda  and  fulphat  of  foda  are  fubjefted  to  the 
fame  experiment,,  both  of  which  have  only  a 
flight  tendency  to  cryftallize  and  are  of  nearly 
equal  folubility,  only  a fmall  quantity  of  fulphat 
of  foda  will  feparate  by  cryftallization,  all  the 
nitrat  and  the  remainder  of  the  fulphat  remain- 
ing liquid  and  uncryftallizable.  When  the 
mutual  a&ion  of  the  two  falts  is  fufficient  to 
effect  a double  decompofition  of  them,  it  is 
neceflary  to  take  Into  confideratien  the  folubility 
of  the  new  falts,  in  order  to  make  a corredb 
eftimate  of  the  quantity  of  uncryftallizable  refi- 
due..  Thus  if  equal  parts  of  fulphat  of  magnefia 
and  muriat  of  foda  are  mixed  together,  although 
the  ratio  of  folubility  of  the  two  is  different, 
and  their  force  of  cryftallization  is  alfo  con- 
fiderable, yet  the  liquor  can  hardly  be  made  to 
yield  any  cryftals  at  all ; for  in  confequence  of 
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a mutual  decompofition,  muriat  of  magnefia  a 
deliquefcent  fait,  and  fulphat  of  foda  an  efflo- 
refcent  one,  will  be  formed,  and  the  flight  cryf- 
talline  force  of  the  latter  will  be  almoft  wholly 
annulled  by  the  extreme  folubility  of  the  former. 

It  has  been  already  mentioned  that  the  dif- 
turbance  occafioned  by  ebullition  and  other 
caufes  of  agitation  prevents  the  formation  of 
regular  cryftals  : the  converfe  however  of  this 
is  not  true,  namely  that  the  entire  abfence  of 
external  motion  is  peculiarly  favourable  to  regu- 
lar cryftallization.  The  folutions  of  thofe  falts 
that  are  much  more  foluble  in  hot  than  in  cold 
water,  and  have  but  a feeble  power  of  cryftal- 
line  polarity  may,  if  kept  ftill,  be  cooled  by 
degrees  conflderably  below  their  congealing  or 
cryftallizing  point,  and  ltill  retain  their  fluidity; 
apparently,  becaufe  the  attraction  of  their  par- 
ticles, in  itfelf  feeble,  and  oppofed  by  the  affinity 
of  the  water,  is  held  in  equilibrium  becaufe  no 
one  particle  has  a preponderating  power  over 
thofe  in  its  vicinity ; for  if  a piece  of  the  fame 
kind  of  fait  that  is  contained  in  the  folution  be 
introduced  even  with  the  utmoft  precaution,  the 
fuperior  attraction  of  the  mafs  will  be  imme- 
diately exerted  on  the  neighbouring  particles, 
and  a rapid  growth  of  cryftals  will  take  place, 
radiating  from  this  mafs  as  their  centre  of  at- 
traction. Cryftallization  may  alfo  be  induced 
in  fimilar  circumftances  merely  by  agitation, 
but  when  this  is  the  cafe  it  is  always  confufed 
and  irregular. 

For  further  particulars  connected  with  this 
fubjeCt  fee  Affinity,  Solution,  Precipita- 
tion. 

CUCURBIT  is  an  article  of  chemical  appa- 
ratus. (See  the  Appendix.) 

CULM.  See  Coal. 

CUPEL  is  a fmall  crucible  ufed  in  the  pro- 
cefs  of  cupellation. 

CUPELLATION.  Abtreiben,  Germ.  This 
important  procefs  in  metallurgic  chemiftry  is 
described  at  length  under  the  article  Assay. 

CURCUMA.  See  Turmeric. 

CYANITE.  a Kyanit,  Werner.  Sappare, 
Sauflure.  Diflheney  Hauy. 

Its  colour  is  milk-white,  pearl-grey,  bluiffi- 
grey,  or  fmalt-blue,  Pruffian  blue  or  Iky-blue. 
It  fometimes  occurs  entirely  blue,  but  more 


frequently  fpotted,  ftriped  or  clouded  with  this 
colour.  It  is  found  in  mafs,  difleminated,  and 
cryftallized  in  long  oblique  four-fided  prifms, 
truncated  on  the  lateral  edges.  The  cryftals 
are  imbedded  or  interfeCt  one  another,  and  vary 
from  middle-fized  to  very  fmall.  Its  external 
and  internal  luftre  is  bright-fhining  pearly.  Its 
fraCture  is  broad  diverging  and  interfering 
radiated,  paffing  into  curved-foliated.  The  frac- 
ture of  the  cryftals  is  foliated  in  three  directions. 
Its  fragments  are  flaty  and  fometimes  imper- 
fectly rhomboidal.  In  mafs  it  is  ufually  tranf- 
lucent ; the  cryftals  are  for  the  moft  part  tranf- 
parent.  Its  hardnefs  is  about  equal  to  that  of 
fluorfpar.  It  has  a flight  degree  of  flexibility, 
and  feels  fomewhat  greafy.  Sp.  gr.  3.51  to 
3.62. 

It  is  infufible  per  fe  before  the  blowpipe.  Its. 
component  parts,  according  to  Theodore  de 
Sauflure,  are 

29.2  Silex, 

55-.  Alumine, 

2.25  Lime, 

2.  Magnefia, 

6.65  Oxyd  of  iron, 

6.9  Water  and  lofs. 


100.00 


It  occurs  in  primitive  mountains  imbedded  in 
micaceous  fchiftus  and  accompanied  by  grena- 
tite. 

It  is  found  near  Banchory  in  Aberdeenflnre, 
and  in  the  largeft  of  the  Shetland  iflands ; alfo 
in  Norway,  the  Swifs  Alps,  the  Pyrennees,  the 
Tyrol,  Carinthia,  Bavaria,  France  and  Siberia. 

The  very  pale  varieties  of  this  mineral  are 
fometimes  miftaken  for  tremolite;  it  may  be 
diftinguiffied  however  by  the  blue  tinge  which 
even  the  paleft  are  not  entirely  free  from : be- 
fides  tremolite  is  found  chiefly  in  granular  lime- 
ftone,  but  cyanite  in  micaceous  fchiftus.  The 
tranfparent  varieties  of  a Pruffian  blue  colour 
are  fometimes  when  cut  and  polifhed  fold  for 
fapphires,  from  which  however  they  are  readily 
diftinguiffied  by  their  inferior  hardnefs  and  fpe- 
cific  gravity. 

CYMOPHANE.  See  Chrysoberyl. 


• Hauy,  Brochant,  Emmerling,  Jamefon. 
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DAOURITE.  See  Schorl. 

DECOCTION.  Abkochen-Abftedetiy  Germ. 

Is  the  extradlion  of  the  foluble  part  of  any 
fubftance  by  means  of  boiling,  generally  with 
plain  water.  Deco£lion  is  one  of  the  fimpleft 
and  moft  efficacious  methods  employed  in  the 
analyfis  of  vegetable  and  animal  matters.  It  is 
alfo  largely  ufed  in  pharmacy. 

DECOMPOSITION.  Zerfetzungy  Germ. 
Moll  of  the  proceffes  in  chemillry  are  attended 
with  the  difunion  of  fubftances  already  joined 
together,  or  decompolition,  and  the  confequent 
formation  of  new  compounds.  In  the  Appen- 
dix will  be  given  moll  of  the  known  decom- 
politions  produced  by  the  mixture  of  the  com- 
mon chemical  fubftances. 

DECREPIT  ATION.  Decrepitireti-Abhnijlertiy 
Germ. 

When  hard  cryftals  of  any  faline  fubftance 
containing  but  little  water  of  cryftallization  are 
heated  fuddenly,  they  do  not  liquefy  as  the 
watery  falts  do,  but  crack  and  fly  in  pieces  with 
vehemence,  owing  to  the  efcape  of  the  water, 
which  is  called  decrepitation.  Common  fait  af- 
fords a familiar  example  of  this,  and  for  con- 
venience when  ufed  as  a flux  in  the  redudlion 
of  minerals  it  Ihould  be  previoully  decrepitated. 

DEFLAGRATION.  This  term  exprefles 
a gradual  fparkling  combuftion  of  any  fubftance 
without  violent  explofion.  It  is  particularly 
applied  to  many  inftances  of  combuftion  pro- 
duced by  nitre. 

DELIQUESCENCE.  Zerjliejfen , Germ. 

Is  the  fpontaneous  liquefaction  of  any  fait  by 
fimple  expofure  to  air.  Potalh  is  an  example 
of  the  kind.  As  the  deliquefcent  falts  abforb 
moifture  from  the  air  they  are  of  ufe  in  render- 
ing air  dry,  which  is  often  required  for  nice 
experiments. 

DEMANTSPATH.  See  Corundum. 

DEPHLEGMATION.  Entzvajfern , Germ. 

Is  the  depriving  any  liquid  of  part  of  the 
fuperfluous  water  which  it  may  contain,  and 
thus  it  has  the  effect  of  concentration.  Thus 
fulphuric  acid  is  dephlegmated  by  boiling  for  a 
time,  which  expels  at  firft  little  elfe  than  mere 
water.  Vinegar  is  dephlegmated  by  partial 
freezing,  the  ice  that  firft  forms  being  only  the 
watery  portion  containing  none  of  the  acid. 

DEPHLOGISTICATED  AIR.  See  Oxy- 
gen. 


DEPHLOGISTICATED  MARINE  ACID. 
See  Oxymuriatic  Acid. 

DEPHLOGISTICATED  NITROUS  AIR. 
See  Nitrous  Oxyd. 

DERBYSHIRE  SPAR.  See  Fluor  Spar. 

DESICCATION  is  the  compleat  drying  of 
any  fubftance. 

DETONATION.  Verpufen , Germ. 

Is  explofion  accompanied  with  loud  noife. 
A fudden  evolution  of  light  attends  moft  in- 
ftances of  detonation.  Fulmination  has  a fimilar 
meaning. 

DIAMOND.1  Demant  Werner;  Diamant 
Hauy  and  Broch. 

The  diamond  is  either  colourlefs,  or  of  a 
light  yellow,  or  fmoak-grey  paffing  into  bluilh, 
or  pearl  grey,  or  clear  wine  colour,  on  one 
hand  deepening  into  clove  brown,  and  paffing 
on  the  other  into  yellowiffi  green : it  alfo  occurs 
of  a deep  almoft  black  brown,  pruffian  blue  or 
rofe  red.  The  colourlefs  varieties  are  the  moft 
efteemed,  and  are  perhaps  the  moft  frequent ; 
next  to  thefe  in  value  are  the  black,  blue,  and 
red,  they  are  alfo  by  far  the  rareft,  the  light 
coloured  are  in  the  leaft  eftimation. 

It  is  found  cryftallized  in  the  regular  o£lo- 
hedron  (which  is  its  primitive  form)  compofed 
of  two  four-fided  pyramids  applied  bafe  to  bafe. 
Sometimes  each  triangular  facet  of  the  primi- 
tive o£lohedron  is  replaced  by  fix  fecondary 
triangles  bounded  by  curvilinear  lines,  in  which 
cafe  the  whole  cryftal  has  forty-eight  facets,  and 
is  of  a fpheroidal  figure.  Other  fpheroidal 
varieties  of  this  mineral  are  the  dodecahedron,  a 
folid  of  24  facets,  and  a comprefied  fpheroid 
refembling  a very  ffiort  fix-lided  prifm,  termi- 
nated by  very  ftiort  curvilinear  pyramids.  Some- 
times the  pyramids  of  the  oftohedron,  inftead 
of  ending  in  a point  terminate  in  a line,  whence 
refults  a rhomboidal  quadrangular  prifm  with 
dihedral  fummits. 

The  furface  of  the  regular  o£lohedrons  is 
generally  fmooth  and  fhining,  that  of  the  other 
varieties  is  fomewhat  dull  and  rough ; but  in- 
ternally, efpecially  when  cut  and  polifhed,  they 
are  all  of  extreme  brilliancy,  far  furpaffing  both 
in  luftre  and  lively  play  of  prifmatic  colours 
every  other  fubftance.  Rough  diamonds  are 
ufually  covered  with  a very  thin  cruft,  which 
renders  them  femi  - tranfparent,  but  when 
this  is  removed  they  are  tranfparent,  though 
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fomewhat  inferior  in  this  refpedt  to  rock  cryftal. 
The  fradture  of  diamond  is  fhrait  foliated,  its 
lamellae  being  parallel  to  the  fides  of  a regu- 
lar o£tohedron.  Its  hardnefs  is  fuperior  to  that 
of  all  other  bodies  natural  or  artificial,  it  yields 
however  to  corundum  by  long  continued  fridtion. 
It  is  brittle,  and  not  difficultly  frangible.  Sp. 
gr.  3.518—3.550. 

Diamond,  even  when  rough,  acquires,  by 
fridlion,  the  vitreous  or  pofitive  electricity.  It 
becomes  phofphorefcent  when  expofed  either  to 
the  entire  rays  of  the  fun,  or  to  the  blue  ones 
alone  when  feparated  by  the  prifm,  and  con- 
centrated on  the  diamond  by  means  of  a lens : 
a fimilar  effeCt  is  alfo  produced  by  fixing  it  to 
the  end  of  a charged  conductor,  and  taking  a 
few  eleCtric  fparks  from  it.  Many  diamonds 
however  are  incapable  of  becoming  phofphoref- 
cent, although  agreeing  in  colour,  tranfparency, 
&c.  with  thofe  which  readily  become  luminous. 
Thofe  which  are  fmall  acquire  this  property  by 
a much  fhorter  expofure  to  the  light  than  the 
larger  ones : fometimes  a diamond  that  is  not 
phofphorefcent  by  the  fimple  a£tion  of  the  folar 
light,  may  be  made  fo  by  previoufly  immerfing 
it  for  fome  time  in  melted  borax.5 

Diamond  when  expofed  to  a current  of  air, 
and  heated  to  the  temperature  of  melting  cop- 
per, is  gradually  but  completely  combuftible, 
and  is  furrounded,  during  the  procefs,  by  a 
luminous  areola.  It  is  wholly  converted  into 
carbonic  acid,  and  therefore  confifts  of  pure 
carbon,  as  we  have  already  mentioned  under 
that  article. 

The  art  of  cutting  and  poliffiing  diamonds 
was  probably  known  to  the  inhabitants  of  Hin- 
doftan  and  China  at  a very  early  period ; the 
only  material  however  that  is  ufed  in  the  Eaft 
for  this  purpofe,  being  corundum,  and  the  appa- 
ratus being  of  extreme  fimplicity,  the  jewellers 
of  thefe  countries  are  incapable  of  bringing  out 
the  peculiar  beauty  of  the  diamond  in  a degree 
at  all  comparable  to  what  is  readily  effe£led  by 
European  artifts.  The  extreme  hardnefs  of  this 
gem  had  baffled  the  attempts  of  the  jewellers  of 
Europe  till  the  year  1456,  when  a young  man 
named  Louis  de  Berquin,  a native  of  Bruges, 
endeavoured  to  poliffi  two  diamonds  by  rubbing 
them  againft  each  other  ; he  found  that  by  this 
means  a facet  was  produced  on  the  furface  of 
the  diamonds,  and  in  confequence  of  this  hint, 
conftru&ed  a poliffiing  wheel,  on  which,  by 
means  of  diamond  powder,  he  was  enabled  to 
cut  and  poliffi  this  fubftance  in  the  fame  manner 
as  other  gems  are  wrought  by  emery.  Previous 


to  this  difeovery,  diamonds  were  fet  in  jewellery 
precifely  in  the  ftate  in  which  they  arrived  from 
India,  and  hence  the  regular  oftohedrons  were 
much  more  efteemed  than  the  reft,  both  on 
account  of  the  regularity  of  the  figure,  and  the 
fuperiority  of  its  natural  poliffi. 

Diamonds  are  cut  and  manufactured  by 
jewellers c into  brilliants  and  rofe  diamonds;  the 
former  being  for  the  moft  part  made  out  of  the 
oCtohedral  cryftals,  and  the  latter  from  the 
fpheroidal  varieties.  To  fafhion  a rough  dia- 
mond into  a brilliant  the  firft  ftep  is  to  modify 
the  faces  of  the  original  oCtohedron,  fo  that 
the  plane  formed  by  the  junction  of  the  two 
pyramids  ffiall  be  an  exaCt  fquare,  and  the 
axis  of  the  cryftal,  or  a line  connecting  the 
apices  of  the  pyramids,  and  perpendicular  to 
this  common  bafe,  fhall  be  precifely  twice  the 
length  of  one  of  the  fides  of  the  fquare.  The 
oftohedron  being  thus  rectified,  a feCtion  is  to 
be  made  parallel  to  the  common  bafe  or  girdle , 
fo  as  to  cut  off  TV  of  the  whole  heighth  from 
the  upper  pyramid  and  TV  from  the  lower  one : 
the  fuperior  and  larger  plane  thus  produced  is 
called  the  Table,  and  the  inferior  and  fmaller 
one  is  named  the  Collet : in  this  ftate  it  is  called 
a complete  fquare  table  diamond.  To  convert  it 
into  a brilliant,  two  triangular  facets  are  placed 
on  each  fide  of  the  table,  thus  converting  it 
from  a fquare  to  an  oCbagon,  a lozenge-lhaped 
facet  is  alfo  placed  at  each  of  the  four  corners 
of  the  table,  and  another  lozenge  extending 
lengthways  along  the  whole  of  each  fide  of  the 
original  fquare  of  the  table,  which,  with  two 
triangular  facets  fet  on  the  bafe  of  each  lozenge, 
completes  the  whole  number  of  facets  on  the 
table  fide  of  the  diamond,  viz.  eight  lozenges 
and  twenty-four  triangles : on  the  collet  fide 
are  formed  four  irregular  pentagons  alternating 
with  as  many  irregular  lozenges,  radiating  from 
the  collet  as  a centre,  and  bordered  by  fixteen 
triangular  facets  adjoining  the  girdle.  The 
brilliant  being  thus  completed  is  fet  with  the 
table  fide  upwards,  and  the  collet  fide  implanted 
in  the  cavity  made  to  receive  the  diamond.  The 
regular  rofe  diamond  is  formed  by  inferibing  a 
regular  odtagon  in  the  centre  of  the  table  fide 
of  the  ftone,  and  bordering  it  by  eight  right 
angled  triangles,  the  bafes  of  which  correfpond 
with  the  fides  of  the  odfagon ; beyond  thefe  is 
a chain  of  eight  trapeziums,  and  another  of  fix- 
teen  triangles.  The  collet  fide  confifts  alfo  of 
a minute  central  odtagon,  from  every  angle  of 
which  proceeds  a ray  to  the  edge  of  the  girdle, 
forming  the  whole  furface  into  eight  trapeziums, 
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each  of  which  is  again  fubdivided  by  a faliant 
angle,  the  apex  of  which  touches  the  girdle, 
into  one  irregular  pentagon  and  two  triangles. 
In  the  formation  of  either  a brilliant  or  rofe 
diamond  of  regular  proportions,  fo  much  is  cut 
away  that  the  weight  of  the  polifhed  gem  is  no 
more  than  half  that  of  the  rough  cryftal  out  of 
which  it  was  formed,  whence  the  value  of  a cut 
diamond  is  efteemed  equal  to  that  of  a fimilar 
rough  diamond  of  twice  the  weight,  exclufive  of 
the  value  of  the  workmanfhip.  The  weight,  and 
confequently  the  value  of  diamonds,  is  eftimated 
in  carats,  150  of  which  are  equivalent  to  240 
grains  or  1 oz.  Troy,  and  the  difference  between 
the  coft  of  one  diamond  and  another,  ceteris 
paribus  is  as  the  fquares  of  their  refpedfive 
weights.  Thus  the  value  of  three  diamonds  of 
one,  two,  and  three  carats  weight  refpedtively, 
is  as  one,  four,  and  nine.  The  average  price  of 
rough  diamonds,  that  are  worth  working,  is 
about  2 pounds  fterling  for  the  firft  carat,  and 
confequently  in  wrought  diamonds,  exclufive  of 
the  coft  of  workmanfhip,  the  coft  of  the  firft 
carat  is  = 81.  Hence  a wrought  diamond  of 

£ 


5 

carats  is  worth 

2oo 

10 

ditto  

800 

20 

ditto 

3,200 

3° 

ditto  

7,200 

40 

ditto 

12,800 

5° 

ditto  

20,000 

60 

ditto  

28,800 

70 

ditto 

39,200 

80 

ditto  — ■ 

51,200 

90 

ditto  

64,800 

100 

ditto  

80,000 

This  rule  however  adtually  holds  good  only 
in  the  fmaller  diamonds  of  twenty  carats  and 
under,  the  larger  ones,  in  confequence  of  the 
fcarcity  of  purchafers,  being  difpofed  of  at 
prices  greatly  inferior  to  their  eftimated  worth. 
The  largeft  diamond  at  prefent  known  is  in 
the  poffeflion  of  the  Emperor  of  Ruffia,  it 
weighs  779  carats.  The  Pitt  or  Regent  Dia- 
mond, the  fineft  of  the  crown  jewels  of 
France,  weighs  136  carats,  and  was  purcbafed 
for  2,500,000  livres. 

The  mineralogical  fituation  of  the  diamond  is 
not  well  afcertained : it  occurs  in  India  in  de- 
tached cryftals,  in  a kind  of  indurated  ochery 
gravel,  but  whether  or  not  this  is  its  native  bed  is 
unknown.  The  diamond  mines  of  India  are 
difperfed  throughout  the  whole  chain-  of  the 
Ghauts  from  Bengal  to  Cape  Comorin ; many 
* Phil.  Tranf.  xii.  p.  907.  * Andrada  in  An. 


of  thefe  are  however  at  prefent  abandoned,  the 
chief  that  are  now  worked  being  fituated  be- 
tween Golconda  and  Mazulipatam.  The  earth 
which  affords  them  being  dug  up  and  broken  to 
pieces  is  carefully  wafhed  till  the  water  comes 
off  colourlefs,  and  the  refidue  is  fpread  thin  on 
mats  in  the  fun,  where  the  diamonds  are  difco- 
vered  by  their  fuperior  brilliancy.*  This  valu- 
able gem  is  alfo  procured  from  Borneo  and  from 
Brazil  in  tire  mountainous  diftridt  called  Serro 
Dofrio  contained  in  alluvial  beds  of  ferruginous 
fand.e 

The  principal  ufe  of  diamond  is  in  ornamen- 
tal jewellery;  it  is  alfo  employed  by  glaziers 
and  lapidaries  to  cut  glafs,  and  engrave  upon 
the  harder  gems ; and  in  the  finer  kinds  of 
clockwork. 

DIAPHORETIC  Antimony  is  a perfect  oxyd 
of  this  metal  made  by  deflagration  with  nitre. 
See  Antimony.  * 

DIGESTER  is  an  article  of  chemical  appa- 
ratus. (See  the  Appendix.) 

DIGESTION.  Digeriren , Germ.  Is  the 
long  continued  expofure  of  a fubftance  to  the 
action  of  any  menftruum  kept  at  a nearly  uni- 
form temperature,  generally  above  that  of  the- 
common  atmofphere. 

DIGESTIVE  Salt  is  the  old  term  for  Ace- 
TITE  of  Potajh. 

DIPPEL’s  OIL,  fo  called  from  the  inventor, 
is  the  oil  that  riles  during  the  diftillation  of 
bone  or  horn,  highly  redtified  by  fubfequent  and 
repeated  diftillation.  See  Bone. 

DIPYREa 

The  colour  of  this  mineral  is  greyifh  of 
reddifh  white,  palling  into  pale  rofe  colour.  It 
occurs  either  diffeminated  in  fmall  fafcicular 
maffes,  or  in  minute  prifmatic  cryftals.  It  has 
a brilliant  vitreous  luftre,  a lamellar  fradture 
parallel  to  the  fides  of  a regular  hexahedron.  It 
is  moderately  hard,  eafily  frangible.  Sp.  gr. 
= 2.(^3. 

It  is  fufible  with  ebullition  before  the  blow- 
pipe, and  contains  according  to  Vauquelin, 
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When  pulverized  and  thrown  on  a hot  coal 
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h gives  a pale  phofphoric  light.  It  occurs  at 
Mauleon  in  the  Pyrennees,  imbedded  in  fteatite. 

DISTHENE.  See  Cyanite. 

DISTILLATION.  Dejilliren , Germ.  Is 

the  procefs  of  evaporation  performed  in  velfels 
adapted  to  condenfe  or  colle£l  the  fubflance 
evaporated. 

Diftillation  in  the  large  way  is  ufually  carried 
on  in  an  apparatus  compofed  of  three  parts, 
namely,  the  alembic  or  boiler  in  which  the 
fubflance  is  heated  ; the  head  or  capital,  a dome- 
fhaped  continuation  of  the  former  in  which  the 
vapours  are  colledled,  and  a tube  or  worm 
fpirally  difpofed  and  palling  through  a tub  of 
water,  in  which  the  diftilled  vapour  is  condenfed 
into  a liquid.  For  fmaller  purpofes  this  appa- 
ratus is  often  fimplified,  and  the  capital  is 
enclofed  in  a cafe  which  holds  cold  water, 
whereby  the  condenfation  takes  place  in  the 
capital  itfelf. 

Another  apparatus  more  ufual  in  experiments 
is  a retort,  generally  of  glafs,  which  anfwers  the 
purpofe  both  of  boiler  and  capital,  and  a globe- 
Ihaped  receiver  fitting  to  the  retort  in  which 
the  condenfation  is  compleated.  The  greatefl 
improvement  perhaps  ever  made  to  chemical 
apparatus  is  the  (comparatively)  modern  addition 
of  a feparate  feries  of  tubes  and  veffels  to  con- 
vey and  colle£l  the  gafeous  produces,  and  to 
avoid  all  the  danger  from  fudden  expanfion 
without  incurring  the  neceflity  (formerly  re- 
quired) of  letting  off  to  wafle  a large  portion 
of  the  difficultly  condenfible,  but  often  moft 
important,  produ£ls  of  the  operation. 

The  practical  ufes  of  diftillation  in  chemiftry 
are  too  numerous  to  be  mentioned.  By  it  the 
volatile  part  of  any  fubflance  is  feparated  from 
that  which  is  fixed,  as  in  the  diftillation  of  tur- 
pentine, in  which  the  effential  oil  rifes  and  the 
rofin  is  left  behind : the  more  evaporable  is 
feparated  from  the  lefs  evaporable,  as  in  the 
preparation  or  re£lification  of  ardent  fpirit; 
liquids  are  freed  from  foreign  or  accidental  im- 
purities, as  in  the  diftillation  of  common  water  : 
volatile  fubftances  are  united  in  an  eafy  and 
commodious  manner,  as  in  preparing  the  odo- 
rous diftilled  waters  of  aromatic  vegetables  : 
bodies  are  decompofed  and  analyzed,  new  com- 
pounds are  formed,  and  a knowledge  is  gained 
of  the  native  and  chemical  properties  of  natural 
fubftances. 

When  the  produ£ls  of  diftillation  are  folid 
and  dry,  the  procefs  is  ufually  termed  fublima- 
tion. 

The  apparatus  for  the  different  proceffes  will 
be  defcribed  in  the  Appendix. 


DISTILLED  WATERS.  On  this  large  clafs 
of  chemical  preparations,  but  almoft  entirely 
devoted  to  pharmacy,  a few  obfervations  may 
be  made. 

The  obje£l  of  them  all  is  to  impregnate  water 
folely  with  the  aromatic  or  flavouring  principles 
of  plants  or  parts  of  plants,  leaving  behind  all 
the  other  foluble  matter.  There  is  every  reafon 
to  believe  that  the  fubflance  which  flavours  the 
diftilled  waters  of  vegetables  is  effential  oil,  be- 
caufe  in  moft  inflances  a portion  of  effential  oil 
actually  feparates  from  the  water  when  recently 
diftilled,  becaufe  the  fenfible  properties  of  the 
water  are  nearly  the  fame  as  when  a few  drops 
of  the  effential  oil  of  the  plant  are  mixed  with 
pure  water  by  fimple  agitation,  becaufe  in  the 
procefs  of  diftillation  the  condenfed  liquor  be- 
comes gradually  lefs  and  lefs  flavoured  in  pro- 
portion as  the  effential  oil  muft  efcape,  and 
becaufe  diftilled  waters  evaporated  to  drynefs 
leave  no  fenfible  portion  of  refidue. 

Common  diftillation  of  aromatic  vegetables 
is  a fimple  procefs,  but  gives  room  for  fome 
nicety  of  management,  particularly  in  the  regu- 
lation of  the  heat  and  the  quantity  of  water, 
which  can  only  be  learnt  by  experience.  As 
an  example  common  peppermint  water  may  be 
given,  and  is  thus  made.  Put  a pound  and  a 
half  of  dry  peppermint  in  a dill,  cover  it  with 
water,  put  on  the  capital,  luting  the  joints  with 
wet  bladder  or  parted  paper,  bring  the  liquor  to 
boil  quickly,  and  keep  it  juft  boiling  till  about 
a gallon  of  water  has  run  over.  The  refidue 
in  the  ftill  is  then  thrown  away  as  ufelefs.  The 
water  that  comes  over  firft  is  fomewhat  turbid 
owing  to  the  excefs  of  effential  oil  that  it  con- 
tains, and  in  confequence  is  by  much  the  ftrong- 
eft.  By  reft  it  becomes  clear,  and  a fine  pellicle 
of  oil  rifes  to  the  top. 

The  following  circumftances  are  chiefly  ob- 
fervable  in  common  diftillation. 

The  fubflance  from  which  the  diftillation  is 
made  in  fome  cafes  requires  previous  treatment, 
in  others  none.  The  petals  of  flowers,  fuch  as 
rofes  or  jafmine,  may  be  ufed  immediately 
or  only  after  the  gentled  drying.  The  aromatic 
herbaceous  vegetables,  fuch  as  peppermint,  may 
be  ufed  indifcriminately  frefh  or  dry,  obferving 
that  as  the  plant  is  much  more  watery  when 
frefh  than  when  dry,  more  water  may  be  added 
in  the  diftillation  of  the  latter  than  of  the  for- 
mer. Hard  woods  fhould  be  rafped  or  bruifed, 
and  as  they  are  lefs  eafily  penetrated  by  the 
water  they  fhould  be  macerated  in  it  without 
heat  for  from  one  or  two  days  to  as  many 
weeks,  before  diftillation. 
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The  quantity  of  water  to  be  ufed  varies  much 
according  to  circumftances.  It  fliould  be  al- 
ways fo  much  as  during  the  whole  procefs  to 
cover  all  that  part  of  the  ftill  which  is  imme- 
diately over  the  fire,  otherwife  the  vegetable 
matter  will  fcorch  and  give  a very  difagreeable 
burnt  tafte  and  fmell,  or  empyreuma,  to  the  dif- 
tilled liquor.  On  the  other  hand  too  much 
water  makes  the  diftilled  liquor  unneceflarily 
dilute.  In  general,  frefh  vegetables  require  about 
thrice  their  weight  of  water,  and  when  dry  five 
or  fix  times.  The  ftill  fliould  never  be  more 
than  about  three-fourths  full,  or  even  lefs  when 
fucculent  vegetables  are  ufed,  to  prevent  boiling 
over. 

The  management  of  the  fire  is  of  fome  con- 
fequence,  to  prevent  boiling  over  and  empy- 
reuma on  the  one  hand,  and  on  the  other  to 
give  heat  enough  for  extradion  of  the  aromatic 
principle.  Where  a water  bath  is  ufed  (which 
however  is  tedious  and  feldom  if  ever  neceffary) 
all  danger  of  excefs  of  heat  is  avoided,  but  it 
is  often  requifite  to  encreafe  the  heat  of  the 
bath  by  adding  fait  to  the  water.  When  in 
diftilling  without  a bath  too  much  heat  is  ufed, 
there  is  danger  either  of  blowing  off  the  capital 
not  without  rifk  to  the  bye-ftander,  when  the 
liquor  boils  with  extreme  vehemence  (which  is 
particularly  likely  to  occur  when  the  ftill  is  too 
full  of  bulky  herbaceous  vegetables  that  rife  in 
the  capital  and  partly  choak  up  the  opening 
into  the  worm-pipe)  or  elfe  the  liquor  boils  over 
into  the  worm-pipe,  and  mixes  a decoElion  of  the 
vegetable  with  the  diftilled  water.  This  is  foon 
perceived  by  the  condenfed  liquor  coming  out 
at  the  bottom  of  the  worm,  not  in  a clear  uni- 
form ftreamlet,  but  by  gufhes  and  ftarts  with  a 
guggling  noife,  and  fouled  or  coloured.  When 
this  accident  happens,  the  fire  fhould  be  entirely 
flacked,  the  capital  taken  off,  the  liquor  already 
come  over  returned  into  the  ftill,  and  the  diftil- 
lation  begun  again  with  more  care.  When  the 
ftream  of  diftilled  water  flows  evenly,  and  the 
boiling  liquor  is  heard  to  fimmer  moderately  in 
the  boiler  the  operator  will  know  that  the  pro- 
cefs is  going  on  properly. 

The  quantity  of  aromatic  water  to  be  ob- 
tained from  a given  weight  of  any  vegetable 
cannot  be  laid  down  with  accuracy,  fo  as  to 
obtain  a liquor  of  uniform  ftrength  as  (indepen- 
denly  of  any  difference  in  conducting  the  ope- 
ration) the  feafon  of  year,  the  length  of  drying, 
and  other  caufes,  will  materially  affed  the  inten- 
fity  of  aroma  in  the  vegetable.  The  tafte  there- 
fore is  a better  criterion  to  judge  when  to  ftop 

• Delupel,  An. 


the  procefs,  as  the  liquor  will  run  nearly  tafte- 
lefs  long  before  the  water  has  all  boiled  away. 
Some  advantage  is  gained  by  mixing  all  the  dif- 
tilled liquor  together,  as  the  firft  portion  has 
generally  rather  more  effential  oil  than  it  can 
retain,  and  the  laft  portion  has  lefs. 

Some  other  obfervations  relative  to  the 
management  of  diftillation  will  be  mentioned 
under  the  article  of  Oils  Effential,  which  are 
moftly  obtained  by  the  fame  procefs. 

Diftilled  waters  are  generally  fuppofed  to  be 
made  much  ftronger  by  cohobation , or  rediftilling 
the  fame  water  from  frefh  materials.  No  very 
accurate  experiments  have  been  made  on  this 
fubjed,  and  it  would  appear  that  when  water 
is  the  firft  time  fo  fuperfaturated  with  effential 
oil  as  to  let  go  a portion  by  mere  fubfidence, 
no  further  procefs  can  make  it  take  up  more. 
If  fo  great  an  encreafe  of  fenfible  and  other  pro- 
perties is  really  produced  by  cohobation  as  is 
ufually  allowed,  it  would  render  probable  the 
old  opinion  of  a fpiritus  reElor , or  a peculiar 
principle  in  which  the  adive  and  odorant  par- 
ticles refide,  feparated  from,  and  independent 
of  the  effential  oil,  and  which  is  moft  largely 
difengaged  at  the  firft  impreffion  of  heat,  and 
foluble  in  water  already  faturated  with  effential 
oil. 

Some  pains  have  been  taken  by  chemifts  to 
examine  the  properties  of  the  diftilled  water  of 
inodorous  vegetables,  and  to  endeavour  to  beftow 
on  it  fome  medicinal  qualities.  The  water  dif- 
tilled from  thefe  differs  from  common  diftilled 
water  in  poffeffmg  a faint  and  fugitive  fmell,  in 
growing  mouldy  by  keeping,  especially  when 
expofed  to  the  air,  and  when  a large  quantity  is 
evaporated,  a minute  portion  of  coloured  ex- 
tradive matter  is  left.  This  is  found  to  contain 
a little  nitre.*  The  diftilled  water  of  thofe 
plants  which  have  at  the  fame  time  very  adive 
medicinal  powers,  and  very  feeble  fenfible  qua- 
lities of  fmell  or  tafte  (fuch  as  the  digitalis)  de- 
ferves  further  examination. 

The  greater  number  of  thofe  liquors  com- 
monly called  Diftilled  Waters,  Cordial  Wa- 
ters (fuch  as  of  anifeed,  juniper,  &c.)  are 
prepared  by  the  particular  vegetable  diftil- 
led with  ardent  fpirit,  more  or  lefs  diluted, 
and  belong  to  the  fubjed  of  dijlilled  Spi- 
rits. 

DIURETIC  Salt.  See  Acetite  of  Potajls. 

DOCIMASIA,  or  Docimaftic  Art  is  applied 
to  that  part  of  chemiftry  which  relates  to  the 
analyfis  of  minerals,  and  all  operations  in  metal- 
lurgy. 

Ch.  tom.  38. 
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DOLOMITE*.  Chaux  carbonatee  aluminijere 
Hauy. 

Its  colour  is  white  with  a flight  tinge  of  grey 
or  yellow.  It  occurs  in  mafs  or  foliated ; its 
luftre  is  glimmering,  between  pearly  and  vi- 
treous : its  texture  is  fine-granular ; its  fra&ure 
is  compact  uneven,  palling  into  imperfe£lly 
lamellar.  It  breaks  into  irregular  blunt-edged 
fragments.  It  is  tranflucent  on  the  edges,  may 
be  fcratched  by  fluor-fpar,  and  is  often  more  or 
lefs  friable  between  the  fingers.  Sp.  gr.  = 2-8. 
It  is  for  the  moft  part  phofphorefcent  in  the 
dark  by  percuflion. 

It  is  foluble  in  nitric  acid  flowly,  and  with 
but  little  effervefcence.  Its  conftituent  parts 
according  to  Vauquelinb  are 

Carbonated  Lime  5 2 
Carbonated  Magnefia  46.5 
Oxyd  of  Iron  . 0.5 

■■ — Manganefe  9.25 

99.25 

It  is  foufid  in  various  parts  of  the  Alps,  in 
beds  alternating  with  micaceous  fchiftus,  and 
containing  tremolite,  orpiment,  and  cupreous 
pyrites. 

The  firft  analyfis  of  this  fubftance  was  made 
by  Theod.  Sauffure,  according  to  whom  it  cort- 
fifted  of  about  88  per  cent,  of  lime  with  an 
excefs  of  carbonic  acid,  between  5 and  6 per 
cent,  of  alumine,  and  the  reft  magnefia  and 
oxyd  of  iron : this  however  has  been  {hown  by 
Vauquelin  to  be  wholly  erroneous,  and  the 
dolomite  will,  no  doubt,  for  the  future,  be  con- 
fidered  as  the  mafiive  variety  of  Bitterfpath, 
which  fee. 

DOME  is  a part  of  feveral  chemical  Furnaces. 
(See  the  Appendix.) 

DRAGON’S  BLOOD.  ( Sanguis  Draconis )\  is 
a refin  that  exudes  from  the  bark  of  the  Ptere- 
carpus  Draco , a large  tree  found  in  South  Ame- 
rica, and  alfo  from  other  vegetables,  particularly 
the  Calamus  Rotang  found  abundantly  in  many 
parts  of  the  Eaft  Indies. 

The  refin  called  dragon’s  blood  is  brought 
over  fometimes  in  oblong  pieces  about  the  fize 
of  a fmall  walnut,  and  fometimes  in  cakes. 
When  good,  it  is  uniform  in  texture,  without 
fmell  or  tafte  •,  breaks  fmooth  and  eafily  •,  has  a 
very  deep  blood-red  colour  in  mafs,  which  light- 
ens to  a fine  crimfon  when  powdered,  and 
readily  burns  when  put  to  a candle  with  much 
flame,  and  a flight  fragrant  fmell  like  ftyrax. 
Dragon’s  blood  when  genuine  is  nearly  if  not 
sibfolutely  infoluble  in  water,  but  readily  difi'olves 
* Hauy.  k Journ.  de$  Mines,  xvi.  p. 


in  alcohol,  giving  it  a very  intenfe  red  colour. 
Water  makes  this  folution  turbid.  This  refin  is 
in  feme  degree  foluble  in  fixed  oils,  giving  them, 
a dull  red  colour. 

Dragon’s  blood  is  ufed  pretty  confiderably  in 
many  coloured  varnilhes  and  lacquers,  often  to 
give  a mahogany  colour  to  white  wood,  or  when 
mixed  in  fmall  portion  with  the  gamboge  yellow 
it  much  improves  the  tint,  rendering  it  deeper 
and  richer.  It  is  a little  employed  in  medicine. 

DRYING  Oil  is  oil  prepared  by  boiling  with 
litharge,  and  is  the  bafis  of  a vaft  number  of 
paints  and  varnilhes.  See  Oils  Fixed. 

DUCTILITY.  Gefchweidikeit,  Germ.  This 
term  is  applied  to  exprefs  that  extenfibility  and 
cohelion  of  particles  which  enables  a metal  to 
be  drawn  out  into  wire  without  breaking. 
There  is  but  a flight  lhade  of  difference  between 
this  property  and  that  of  malleability. 

DULCIFICATION.  Verfujfung , Germ.  Is 
a term  not  very  accurately  defined,  and  little 
ufed.  It  is  generally  employed  to  exprefs  the 
rendering  mild,  or  diminifhing  the  corrofive 
qualities  of  acids  or  alkalies  by  uniting  them 
with  fome  other  fubftance,  but  not  fo  as  to  neu- 
tralize them.  Thus  alkalies  might  be  faid  to 
be  dulcified  when  converted  into  foap ; and  the 
ftrong  acids  are  adfually  faid  to  be  dulcified 
when  chemically  combined  with  fpirit  of  wine. 
Thus  we  have  dulcified  fpirits  of  vitriol,  dulci- 
fied fpirit  of  niffe,  &C.  ' ' 

DYEING.  The  Art  cf.  L'Art  de  la  Tein - 
tteTe,  Fr.  Farbekunjl , Germ.  ,J 

The  object  of  this  antient  and  truly  chemi- 
cal art  is  to  fix  uniformly,  and  more  or  lefs  per- 
manently, certain  colouring  matters  into  the 
fibres  of  wool,  linen,  cottony  filk,  and  other 
filamentous  fubftances. 

•’The  firft  explanation  offered  of  the  theory 
of  dyeing  was  purely  mechanical.  According 
to  Hellot,  an  excellent  obferver  and  an  acute 
rCafolier,  the  faline  fubftances  employed  in  dye- 
ing ferve  to  open  and  enlarge  the  pores  of  the 
fibres  to  be  dyed,  the  colouring  matter  is  then 
depofited  ir/thefe  pores,  after  which,  the  natu- 
ral elafticity  of  the  fibre  returning,  Ihuts  in  the 
particles  of  colouring  matter,  and  the  falts 
folidifying  over  them  ferve  as  a kind  of  ce- 
ment to  keep  them  in  their  place.* 

Many  and  infuperable  obje<ftions  however 
have  been  brought  againft  this  and  limilar  me- 
chanical theories  of  dyeing,  which  it  is  not  ne- 
ceflary  here  to  detail. 

It  is  particularly  incompetent  to  explain  the 
great  difference  between  animal  and  vegetable 
77.  » Mem.  del’Acad.  1740  and  1741. 
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matter  in  - abforbing  and  retaining  colour,  and 
the  ufe  of  mordants  or  intermedes  as  a bond  of 
union  between  the  colour  and  die  fibre  to  be 
dyed.  Bergman  appears  to  have  been  the  firft 
whofe  eminent  fagacity  fuggefted  the  idea  that 
chemical  affinity  was  die  great  agent  in  thefe 
operations,  and  every  fubfequent  refearch  more 
and  more  confirms  this  opinion. 

A detailed  account  of  all  the  proceffes  of  dye- 
ing would  of  itfelf  fill  a volume : in  this  place 
therefore  all  that  can  be  done  will  be  to  give  a 
very  fhort  view  of  the  leading  fa£ts  and  opera- 
tions, particularly  as  connected  with  general 
chemiftry,  and  refer  the  reader  to  fome  of  the 
moft  valuable  written  documents,  particularly 
to  Berthollet’s  admirably  fcientific  and  philofo- 
phical  view  of  the  fubjedl. b 

The  fubftances  commonly  dyed  are  either  of 
animal  or  vegetable  origin.  To  the  former  be- 
long wool,  filk,  hair,  leather,  and  fkin  of  all 
kinds  •,  to  the  latter,  cotton,  flax  and  hemp. 
The  particular  chemical  analyfis  and  properties 
of  thefe  fubftances,  as  far  as  they  have  been 
examined,  will  be  defcribed  under  the  refpe£live 
articles.  A moft  important  and  effential  dif- 
ference exifts  between  the  affinity  for  colouring 
matter  pofTeiTed  by  thefe  fubftances,  fo  that  a 
procefs  which  perfectly  fucceeds  in  dyeing  wool 
(for  example)  may  have  no  effedl  upon  cotton, 
neither  is  there  any  agreement  in  the  quantity  of 
colouring  ingredient  neceffary  to  dye  each  fluff. 

A fimple  experiment  of  Dufay’s  proves  this. 
He  had  a piece  of  cloth  woven,  of  which  the 
warp  was  wool  and  the  woof  cotton,  this  was 
'fulled  that  each  fubftance  might  undergo  exact- 
ly the  fame  preparation,  and  then  paffed  through 
a fcarlet  vat.  The  wool  only  took  the  colour, 
but  the  cotton  remained  white  after  rincing. 
With  regard  to  quantity  of  colour,  it  is  found 
that  filk  takes  twice  as  much  cochineal  to  dye 
it  as  wool  does.  The  different  force  of  affinity 
between  different  fibres  and  colouring  matter 
is  alfo  fhewn  by  the  more  or  lefs  perfect  man- 
ner in  which  they  exhauft  a coloured  bath ; thus, 
as  Bergman  obferves,  wool  dyed  in  a weak  folu- 
tion  of  fulphat  of  indigo  entirely  abforbs  the  dye 
and  leaves  the  folution  colourlefs,  whereas  filk 
can  only  partially  rob  the  fulphuric  acid  of  the 
colouring  matter.  Generally  fpeaking,  wool  has 
the  ftrongeft  affinity  for  colour,  taking  it  more 
eafily,  and  retaining  it  more  firmly ; filk  and 
other  animal  matters  come  next  to  wool,  cotton 
next,  and  hemp  and  fiax  laft  ; but  this  is  to  be 
underftood  with  great  latitude,  nor  does  it  al- 
ways happen  that  fubftances  which  take  colour 


the  eafieft,  retain  it  the  longeft,  befides  that  the 
previous  preparation  is  not  the  fame,  and  hence 
the  companion  is  not  altogether  accurate. 

No  exa£l  explanation  can  be  given  of  the 
different  affinity  for  colour  in  different  fub- 
ftances, except  that  the  analyfis  of  vegetable 
and  animal  matters  fhews  a moft  effential  dif- 
ference in  their  component  parts,  and  their  ha- 
bitudes with  chemical  reagents.  It  is  on  this 
account  too  that  the  preparation  which  each 
fubftance  receives  previoufly  to  being  dyed  fo 
much  varies.  Animal  matter,  efpecially  wool, 
when  immerfed  in  cauftic  alkali  has  its  fibre 
immediately- relaxed,  becomes  clammy,  lofes  its 
natural  toughnefs  and  elafticity,  and  at  laft 
is  entirely  diffolved  into  a foapy  compound. 
Vegetable  fibre  on  the  other  hand  refifts  alka- 
lies much  longer,  and  is  not  eafily  diffolved  ; 
and  hence  in  the  previous  cleanfing  and  fulling 
of  wool,  alkalies  are  fcarcely  admiffible,  or  mufl 
be  ufed  with  extreme  caution,  whereas  they 
may  be  employed  with  fafety  in  the  preparation 
of  cotton  and  linen.  Animal  fibre  is  alfo  much 
more  eafily  affe£led  by  acids. 

The  fimple  colours  employed  in  dyeing  are 
chiefly  of  animal  or  vegetable  origin.  The  num- 
ber of  poffible  dyes  is  almoft  equal  to  that  of  the 
vegetable  or  infedl  tribes  on  the  face  of  the 
earth,  for  almoft  all  of  thefe  will  make  a co- 
loured deco£lion  with  water,  which  is  capable 
of  tinging  cloth  immerfed  in  it.  Hence  the 
variety  of  native  dyes  from  indigenous  plants 
ufed  in  different  parts  of  the  globe  by  every 
nation,  favage  or  civilized.  A very  few,  how- 
ever, are  employed  in  the  regular  manufa£tories 
of  European  nations,  being  fuch  as  are  obtained 
in  the  moft  abundance  from  countries  where 
they  form  valuable  articles  of  commerce,  and 
whofe  qualities  are  minutely  known  by  long  and 
accurate  obfervation. 

Of  the  great  variety  of  known  dyes,  fome 
(though  comparatively  but  few)  may  be  applied 
to  animal  or  vegetable  fibre  without  any  other 
preparation  than  that  of  cleanfing  the  fluff,  and 
immerfing  it  in  a deco£tion  or  infufion  of  the 
dye  for  a fufficient  time.  The  colouring  matter 
then  unites  with  the  fibre  of  the  cloth  with  a 
greater  or  lefs  degree  of  force,  fo  as  fometimes 
permanently  to  refift  the  effect  of  wafhing,  and 
the  bleaching  power  of  the  fun  and  air,  fome- 
times partially,  fometimes  fcarcely  at  all.  On 
the  other  hand  the  greater  number  of  dyes  have 
naturally  only  a very  feeble  affinity  for  fibre, 
(though  never  in  the  fame  degree  for  animal  and 
vegetable)  and  therefore,  when  applied  without 
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addition,  they  are  deftroyed  very  fpeedily ; but 
the  ingenuity  of  man  has  difcovered  that  they 
may  be  made  to  unite  with  fibre  much  more 
durably  by  the  intermede  of  fome  other  fub- 
ftance  (generally  a fait  with  an  alkaline,  earthy, 
or  metallic  bafis)  which  poffeffes  a very  ftrong 
affinity  both  with  fibre  and  with  colouring 
matter,  and  hence  ferves  to  bind  the  one  to  the 
other.  Thefe  intermedes  are  called  Mordants 
(a  term  derived  from  an  erroneous  theory  now 
abandoned)  and  the  ufual  pradlice  is  firft  to 
fteep  the  cloth  or  fibre  in  the  mordant,  and 
afterwards  in  the  dye. 

The  dyes  that  cannot  be  fixed  into  the  fluff 
without  mordants  may  be  termed  (with  Dr. 
Bancroft)  adjedlive  colours ; thofe  in  which 
mordants  are  of  no  ufe  may  be  called  fubjlantive 
colours.  Madder  is  an  adjedlive  colour,  fince 
it  is  rendered  much  more  durable  by  the  inter- 
mede of  alum,  or  of  many  other  falts  than  when 
ufed  alone.  Indigo  is  a fubftantive  colour,  fince 
its  durability  is  not  encreafed  by  any  intermede 
whatever. 

Another  important  difference  in  the  nature 
of  dyes  is  in  the  degree  of  permanence  of  tint, 
which  certainly  in  part  depends  on  the  force  of 
affinity  with  which  it  unites  to  the  fibre,  and 
partly  on  the  intimate  nature  of  the  colouring 
matter,  and  its  fufceptibility  of  decompofition 
by  light,  air,  moifture,  and  alfo  by  alkalies, 
foaps,  and  other  fubftances  employed  in  the 
common  ufes  of  dyed  fluffs.  The  permanency 
of  colour  has  no  neceffary  connexion  with  the 
mode  in  which  it  is  united  to  the  fubftances 
dyed,  for  among  the  fubftantive  as  well  as  the 
adjedtive  colours  fome  are  very  permanent, 
others  very  fugitive.  For  example,  of  the  fub- 
ftantive colours  (or  thofe  which  unite  as  ftrongly 
to  cloth  without,  as  with  mordants)  Indigo  is 
very  permanent,  refilling  the  fun,  air,  wafhing 
with  foap,  and  moft  chemical  agents : the  ori- 
ental Henne , which  is  a fine  orange  red,  long 
refifts  the  fun  and  air,  but  is  altered  and  de- 
ftroyed by  foap : Archil , and  other  of  the  purple 
lichens,  is  inftantly  altered  by  foap,  and  is  foon 
changed  by  the  light  and  air,  fo  as  only  to  give 
a very  fugitive  but  beautiful  glofs.  Of  the  ad- 
jedlive  colours  Madder  is  one  of  the  moft  per- 
manent that  is  known,  retaining  its  body  of 
colour  (when  well  applied)  under  almoft  every 
circumftance.  Cochineal  on  wool  is  nearly  equally 
faft  or  permanent,  but  on  cotton  much  lefs  fo, 
Brazil  Wood  fades  much  fooner  than  the  laft, 
whatever  mordant  be  applied. 

The  feledlion  and  right  application  of  mor- 


dants is  of  infinite  confequence  in  dyeing,  and 
it  is  this  fubjedt,  with  its  various  modifications 
that  forms  the  truly  fcientific  part  of  this  beau- 
tiful art.  Linen  or  cotton  requires  a different 
mordant  from  wool  or  filk,  fome  colours  adhere 
only  to  a particular  mordant,  the  order  of  appli- 
cation, the  ftrength,  and  many  other  fmaller 
circumftances,  all  of  which  materially  affedl  the 
beauty  and  durability  of  the  colour,  and  the 
texture,  of  the  cloth,  mud  be  attended  to  by  the 
artift. 

Some  fimple  experiments  related  by  Dr. 
Bancroft,0  and  which  are  readily  repeated,  well 
illuftrate  the  adlion  of  mordants.  A piece  of 
cotton  was  impreffed  with  various  figures  with 
a mordant  of  acetited  alumine,  and  when  dry 
was  rinced  and  cleanfed  in  the  ufual  way  of 
calico  printing.  It  was  then  dyed  in  an  infufion 
of  faffron  and  came  out  uniformly  yellow,  but 
on  expofure  to  air  the  whole  became  white. 
Hence  it  is  {hewn  both  that  the  colouring  mat- 
ter of  faffron  has  no  ftrong  affinity  with  cotton, 
and  that  alumine  has  no  power  of  fixing  it,  and 
hence  is  ufelefs  as  a mordant.  The  fame  piece 
was  then  dyed  with  a deco&ion  of  Brazil  wood, 
and  the  whole  came  out  coloured,  but  the 
figures  printed  with  the  aluminous  folution 
were  of  a fine  crimfon,  whereas  the  ground  was 
only  faintly  tinged.  On  expofure  to  the  fun 
and  air  for  two  days  the  ground  foon  became 
white,  and  the  figures  alfo  were  faded,  and  in 
eight  days  the  crimfon  of  the  latter,  which  had 
been  gradually  diminifhing,  was  no  longer 
vifible.  This  fecond  experiment  fhews  that 
acetited  alumine  is  a powerful  mordant  for 
Brazil  wood,  but  Hill  not  fufficient  finally  to  fix 
its  colour. 

The  fame  piece  was  then  dyed  with  a de- 
codlion  of  madder,  and  the  whole  came  out 
coloured,  but  the  figures  deeper  than  the  ground. 
On  wafhing  with  bran  and  water,  and  expofure 
to  fun  and  air,  the  ground  became  white,  but 
the  figures  retained  all  their  body  and  bright- 
nefs  of  colour,  and  this  time  the  dye  was  per- 
manent, {hewing  in  a very  ftriking  manner  the 
ftrong  affinity  both  of  the  alumine  for  the  cotton 
fo  as  to  remain  fixed  in  its  fibres  during  three 
fucceffive  operations,  and  of  the  alumine  for 
the  madder  colour  fo  as  to  retain  it  permanently 
in  fpite  of  the  wafhings  and  bleaching  which 
entirely  deftroyed  the  dye  of  the  ground. 

Mordants  not  only  fix  colouring  matter,  but 
moft  commonly  they  in  fome  degree  alter  the 
natural  hue.  Thus  in  the  inftance  above-men- 
tioned the  aluminous  mordant  changed  tire  dull 
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red  of  madder  to  a bright  crimfon  ; the  folutions 
of  tin  not  only  fix  the  colour  of  cochineal  in 
wool,  but  change  it  from  crimfon  to  a bright 
fcarlet : the  falts  of  iron  which  are  powerful 
mordants,  always  alter  the  colour  of  dyes, 
changing  the  yellow  of  weld  to  olive-brown, 
drab,  or  lead-colour  according  to  circumftances, 
the  red  of  madder  to  a violet  brown,  and,  as  is 
well  known,  ftriking  a bluifii-black  whenever 
the  gallic  acid  is  prefent.  Hence  a great  advan- 
tage is  moft  ingeriioufly  made  of  mixing  differ- 
ent kinds  of  mordants  to  produce  varieties  of 
{hade ; thus  a mixture  of  the  iron  and  alumi- 
nous mordant  will  produce  with  madder  all  the 
{hades  of  flea-colour,  purple  and  violet ; with 
weld,  brown  and  olive  green,  and  the  like,  fo 
that  with  no  more  than  three  or  four  colouring 
materials  an  almoft  infinite  variety  of  dyes  may 
be  produced  by  a due  feledtion  and  mixture  of 
the  various  mordants. 

Two  important  and  diftin£h  manufadtures 
belong  to  the  fubjedt  of  dyeing,  the  one  is 
dyeing  properly  fo  called,  or  the  art  of  giving  an 
uniform  colour  to  an  entire  piece  of  ftuff : the 
other  is  topical  dyeing,  or  the  art  of  fixing 
various  coloured  patterns  on  an  uniform  ground, 
which,  from  its  being  chiefly  and  originally  em- 
ployed on  cotton  or  calico,  is  called  Calico- 
printing.  The  balls  of  each  art,  as  far  as  relates 
to  the  chemical  adtion  of  the  fibres  of  the  ftuff 
upon  the  different  dyes  and  their  mordants,  is 
precifely  the  fame,  and  in  general  the  materials 
employed  are  nearly  the  fame,  but  the  manipu- 
lations and  particular  mode  of  application 
widely  differ.  A few  of  the  principal  proceffes 
of  general  dyeing  will  firft  be  defcribed,  after 
which  a {hort  notice  will  be  taken  of  calico- 
printing. 

The  procefs  of  dyeing  in  the  piece  confifts  of 
a few  Ample  operations  repeated  more  or  lefs 
often  according  to  circumftances,  with  many 
minute  variations  in  the  temperature,  time  of 
immerfion,  and  the  like,  according  to  the  nature 
of  the  ftuff  and  the  colour  to  be  given,  by  rules 
which  experience  alone  can  teach. 

The  following  is  a fhort  fketch  of  the  mode 
of  dyeing  the  principal  colours,  chiefly  taken 
from  Berthollet,  Lewis,  Bancroft,  Hellot,  and 
fome  other  authorities ; but  it  fliould  be  added 
that  the  variety  in  the  proceffes  adtually  ufed  is 
almoft  endlefs,  almoft  every  manufacturer  hav- 
ing his  particular  receipt,  in  which  flight  vari- 
ations in  the  quantity  or  quality  of  ingredients, 
the  time  or  order  of  application  and  other  minute 
circumftances,  are  found  to  render  the  colour 
vol.  z. 


fomewhat  more  or  lefs  full,  durable,  glofiy,  uni- 
form, and  the  like. 

Of  Blacks. 

There  are  a few  native  vegetable  juices  that 
produce  durable  fubjlantive  blacks,  or  fuch  as 
can  be  fixed  at  once  on  cloth  wdthout  any  pre- 
vious preparation.  Of  this  kind  is  the  Anacar- 
dium orientate , a kind  of  nut,  containing  between 
the  inner  and  outer  {hell  a fungous  fubftance 
filled  with  a vifcous  fluid  in  fmall  quantity. 
This  juice  rubbed  on  linen  and  cotton  gives  a 
reddifh  brown  ftain,  which  by  expofure  to  air 
deepens  to  a full  black  that  is  quite  permanent. 
It  is  faid  to  be  ufed  in  India  for  marking  linen 
and  cotton  cloths,  and  hence  is  called  the  Mark- 
ing Nut.  The  Weft  India  cafhew  nut  is  of  a 
fimilar  nature  with  the  Eaft  Indian  anacardium, 
but  the  colour  is  not  fo  deep.  The  anacardium 
would  be  highly  valuable  if  it  could  be  collected 
in  quantity,  particularly  for  linen  and  cotton, 
but  is  only  ufed  very  partially  in  the  countries 
of  which  it  is  a native. 

Several  other  native  vegetable  juices  yield 
permanent  fubftantive  blacks,  fuch  as  the  Ame- 
rican Rhus  Toxicodendron  or  Poifon  AJh,  and 
other  tropical  plants,  but  none  of  thefe  are  ufed 
in  Europe. 

The  black  commonly  given  to  all  kinds  of 
ftuff  is  that  which  is  produced  by  fome  vege- 
table aftringent,  particularly  galls,  with  the  falts 
of  iron,  but  many  circumftances  muft  be  ob- 
ferved  in  order  to  produce  a full  and  good 
colour.  Wool  takes  this  kind  of  black  with 
much  more  eafe  than  linen  or  cotton,  and  is 
dyed  in  the  following  manner. 

The  woollen  cloth  is  firft  dyed  of  a very  deep 
blue  with  indigo,  to  give  a fuller  body  of  colour. 
The  black  is  then  given  by  aftringents  and  iron, 
of  which  the  following  is  Hellot’s  elaborate 
and  excellent  procefs. 

For  every  50  lb.  of  cloth  take  8 lb.  of  logwood 
and  as  much  galls,  both  bruifed  or  powdered, 
tie  them  loofely  in  a bag  and  boil  in  a moderate 
fized  copper  for  about  twelve  hours  with  fuffi- 
cient  water.  Put  one-third  of  this  decodtion 
with  a pound  of  verdigris  into  another  copper, 
and  foak  the  cloth  in  it  for  two  hours,  keeping 
the  liquor  fcalding  hot  but  not  boiling.  Take 
out  the  cloth,  add  to  the  fame  copper  another 
third  of  the  firft  decodtion,  with  4 lb.  of  vitriol 
or  fulphat  of  iron,  and  bring  again  to  a fcalding 
heat,  and  foak  the  cloth  in  it  for  an  hour,  ftir- 
ring  it  well  all  the  time.  Then  take  out  the 
cloth  and  add  the  remaining  third  of  the  decoc- 
tioa  with  8 or  xolb.  of  fumach,  boil  the  whole, 
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lower  the  heat  with  a little  cold  water,  add  a 
pound  more  of  vitriol,  and  return  the  cloth  for 
an  hour  longer.  The  cloth  is  then  wafhed  and 
aired  again,  and  returned  to  the  bath  for  an 
hour,  after  which  it  is  well  wafhed  in  running 
water  and  fulled.  It  is  laftly  paffed  through  a 
ellow  bath  of  weld  for  a fhort  time,  to  give  a 
igher  glofs  and  foftnefs  to  the  black.  It  is 
then  wafhed  and  dried  in  the  ufual  manner. 

The  common  blacks  however  are  given  in  a 
much  Ampler  manner,  the  fluff  (previoufly  dyed 
blue)  being  firft  foaked  in  a bath  of  galls  and 
boiled  for  two  hours,  and  then  paffed  through 
another  bath  of  logwood  and  vitriol  at  a fcald- 
ing  heat  for  as  much  longer,  after  which  it  is 
wafhed  and  fulled. 

Several  obfervations  are  to  be  made  on  this 
procefs. 

The  previous  dyeing  blue  is  not  in  the  leaft 
neceffary  to  enable  the  cloth  to  take  the  black 
afterwards,  but  it  is  found  to  be  of  great  fervice 
in  giving  body  to  the  colour,  and  is  never  omit- 
ted in  the  fineft  blacks.  The  indigo  blue  is  the 
beft  preparation  for  black,  being  a deep  heavy 
dye  and  affimilates  well  with  perfect  black. 
When  this  proves  too  expenfive  for  the  fluff,  it 
is  fometimes  prepared  of  a buff  or  fawn  colour 
with  walnut  hulks  inftead  of  blue. 

Black  is  never  given  by  a Angle  operation : that 
is,  the  fluff  is  firft  impregnated  with  the  galls  or 
other  aftringents  either  at  once  or  elfe  by  feveral 
proceffes,  and  afterwards  paffed  into  the  vitriol 
bath.  The  colour  is  thus  rendered  much  fafter 
than  if  the  whole  ingredients  were  Arft  mixed. 
A certain  proportion  muft  be  obferved  between 
the  aftringent  vegetables  fof  which  kind  are  the 
galls,  logwood  and  fumach)  and  the  fait  of  iron, 
for  if  the  former  are  in  too  great  a quantity,  the 
black  is  again  degraded  towards  a grey  rufty 
hue.  Too  long  a maceration  of  the  cloth  has 
the  fame  effecft,  as  Lewis  has  well  obferved,  d 
and  Berthollet  remarks  that  a rufly  colour  is 
given  to  the  Aneft  black  by  being  paffed  through 
a frefh  bath  of  galls.  The  black  colour  is  not 
entirely  brought  out  till  after  the  cloth  is  ex- 
pofed  to  the  air,  an  effect  Amilar  to  the  well- 
known  deepening  of  the  colour  of  pale  ink  fome 
hours  after  it  is  ufed. 

Logwood  does  more  than  merely  add  to  the 
quantity  of  vegetable  aftringent,  for  it  con- 
tributes much  to  the  depth  of  colour  and  coun- 
teracts the  brownifh  ruft  tinge  which  galls  and 
iron  alone  are  apt  to  give.  Where  the  cloth  is 
not  previoufly  blued,  logwood  is  particularly 
neceffary.  A very  fine  black  is  produced  on 


blue  cloth,  according  to  Lewis,  by  5 lb.  of 
vitriol,  5 lb.  of  galls,  and  30  lb.  of  logwood. 

The  verdigris  alfo  has  a good  effect  in  im- 
proving the  colour,  but  it  is  not  exactly  known 
how  it  acts. 

In  Hellot’s  procefs  the  cloth  already  black  is 
finifhed  by  a yellow  weld  bath.  Madder  has 
alfo  been  much  ufed  in  the  fame  way,  and  is 
fuppofed  to  give  a velvety  foftnefs  to  the  colour. 
The  ufe  of  any  of  thefe  finifhing  tints  is  how- 
ever much  difputed,  and  is  in  a good  meafure 
difcontinued. 

Wool  is  dyed  black  nearly  in  the  fame  way 
as  woollen  cloth.  The  natural  greafe  of  the 
wool  is  firft  removed  by  boiling  in  a bath  of 
ftale  urine  and  water,  after  which  the  wool  is 
dyed  blue  and  black  nearly  in  the  way  above- 
mentioned. 

Some  variety  of  the  above  proceffes  is  re- 
quired to  give  a black  dye  to  filk.  Raw  filk  in 
the  ftate  in  which  it  is  fpun  from  the  coccoons, 
is  covered  with  a natural  kind  of  gum  or  var- 
nifh,  which  gives  it  its  beautiful  orange  yellow 
colour,  and  alfo  a degree  of  ftiffnefs  and  elaf- 
ticity  which  is  detrimental  to  the  manufacture 
and  muft  be  firft  removed.  This  is  done  by 
boiling  it  in  water  for  four  or  five  hours  with  a 
fifth  of  its  weight  of  fine  white  foap  which  dif- 
folves  this  gummy  matter.  The  filk  lofes  about 
a fourth  of  its  weight  in  this  procefs.  To  dye 
it  black  it  is  then  boiled  three  or  four  hours 
with  about  three-quarters  of  its  weight  of  galls, 
and  fuffered  to  remain  without  boiling  for  about 
a day,  more  or  lefs  according  to  the  kind  of 
manufacture  for  which  it  is  intended.  It  is 
then  blackened  in  a bath  of  fulphat  of  iron, 
iron  filings,  and  cherry-tree  gum,  with  many 
manipulations  too  numerous  to  be  here  de- 
fcribed.  Silk  is  feldom  if  ever  previoufly  blued, 
as  wool  is,  but  fometimes  a root  or  fawn-coloured 
ground  is  given  by  walnut  hulks.  Silk  requires 
many  more  dippings  and  alternate  foakings  with 
galls  and  iron  than  wool  does,  to  produce  a full 
good  colour,  and  the  quantity  of  galls  required 
differs  molt  remarkably,  five  or  fix  pounds 
being  fufficient  for  a hundred  pounds  of  wool, 
but  upwards  of  fifty  for  the  fame  weight  of 
filk.  Hence  the  dyeing  of  filk  is  much  more 
expenfive. 

Hats  are  dyed  with  only  a Angle  bath  of  the 
mixed  ingredients.  The  bath  is  made  of  100 lb. 
of  logwood,  e 1 2 lb.  of  gum,  and  6 lb.  of  galls 
boiled  for  fome  hours  with  water,  after  which 
61b.  of  verdigris  and  10  lb.  of  fulphat  of  iron 
are  added,  and  the  liquor  kept  juft  of  a fcalding 
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heat.  Ten  or  twelve  dozen  of  hats  are  im- 
merfed  by  a proper  contrivance  into  the  liquid 
for  about  an  hour  and  a half,  then  taken  out 
and  aired,  and  another  fet  immediately  immerfed 
for  the  like  time.  Each  fet  is  dipped  and  aired 
alternately  for  eight  times,  the  bath  being  oc- 
cafionally;refrefhed  by  more  of  the  ingredients. 
The  verdigris  is  found  by  experience  to  be 
eflential  to  the  beauty  of  the  dye. 

It  is  a much  more  difficult  operation  to  fix  a 
permanent  black  on  linen  and  cotton,  which 
will  ftand  waffiing  with  foap  and  long  expofure 
to  the  air.  The  proceffies  that  fucceed  on  wool 
do  not  anfwer  well  here,  the  black  being  very 
liable  to  degenerate  to  a rufty  brown. 

Linen  or  linen  thread  is  generally  firft  blued 
with  indigo  and  then  receives  a mordant  of 
alum,  after  which  it  is  paffed  through  a bath  of 
galls  or  logwood,  or  alder,  and  blackened  with 
the  iron  folution,  for  which  a variety  of  pre- 
cedes are  given. 

A fine  durable  black  on  cotton  is  of  flill 
more  confequence  in  the  prefent  immenfe  trade 
of  printed  cottons  than  on  linen,  and  much 
pains  has  been  taken  to  equal  the  excellent  fall 
black  given  to  cotton  goods  in  the  Eafl  Indies, 
the  procefs  for  which  is  not  known,  unlefs  it 
be  with  the  anacardium  or  other  native  vege- 
table juices.  For  many  years  a kind  of  acetite 
of  iron  has  been  ufed  very  largely  in  England 
as  a fubflitute  for  the  fulphat  in  the  black  dye, 
and  alfo  partly  as  a fubflantive  colour,  by  which 
alone  many  ufeful  ffiades  of  buff,  nankeen,  and 
other  dyes  are  given.  This,  acetite  is  made  by 
macerating  refufe  pieces  of  iron  in  four  beer, 
vinegar,  elder-berries,  and  other  fubftances  that 
afford  the  vegetable  acids  and  produce  in  time 
a very  ftrong  uncryflallizable  high-coloured  fo- 
lution. Of  late  years  too  the  pyroligneous  acid 
(obtained  from  the  diftillation  of  wood  in  mak- 
ing the  bell  charcoal  for  gunpowder)  and  the 
empyreumatic  acid  of  tar  have  been  ufed  very 
extenfively  in  calico-printing  for  fimilar  pur- 
pofes  and  with  very  compleat  fuccefs,  but  the 
precife  mode  of  application  is  kept  fecret.  It 
appears  that  galls  or  fimilar  vegetable  matter 
are  not  required  with  this  preparation,  but  the 
place  is  fupplied  with  madder,  which  with  a 
deep  iron  ground  may  be  made  to  give  a very 
dark  purple-brown  hardly  diftinguifhable  from 
black. 

Since  cotton  and  linen,  which  are  of  vege- 
table origin,  have  naturally  lefs  affinity  with 
colouring  matter  than  wool  and  animal  matters, 
dyers  have  been  in  the  habit  in  many  parts  of 
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the  world  of  impregnating  linen  and  efpecially 
cotton  with  many  compound  mordants,  the 
united  effedt  of  which  is  certainly  in  many  in- 
ftances  to  enable  them  to  take  and  retain  colours 
with  much  more  perfe£lion  than  any  fimpler 
procefs  could  obtain.  Sometimes  thefe  mor- 
dants are  animal  glues,  animal  oils,  dung,  See. 
and  it  has  been  very  happily  conjedtured  that 
the  great  advantage  of  thefe  is  in  fome  degree 
to  atiimalize  the  vegetable  fibre,  as  it  were,  and 
thus  in  point  of  affinity  with  colouring  matter 
to  bring  it  more  on  a level  with  wool,  filk,  and 
the  natural  animal  fibres.  The  fine  turkey  red 
of  madder  fixed  on  cotton  by  a very  complicated 
procefs,  is  a linking  inflance  of  the  ufe  of  thefe 
compound  mordants,  as  will  be  afterwards  men- 
tioned. The  following  procefs  for  dyeing  linen 
and  cotton  of  a fine  durable  black  is  given  by 
Mr.  Vogler,  an  eminent  practical  artifl,  in 
which  animal  glue  is  ufed  as  a mordant,  to- 
gether with  a folution  of  lead,  which  lafl  feems 
to  have  a ftrong  affinity  for  the  materials  of 
which  the  black  dye  is  compofed. 

Mix  in  a large  bottle  * a quart  of  foft  water 
with  2 or  ounces  of  common  aquafortis,  and 
throw  in  from  2 to  3 ounces  of  litharge.  Set 
the  bottle  in  a warm  place  frequently  fhaking 
it,  till  a folution  is  made,  which  when  ufed 
fhould  be  poured  off  clear  from  the  fediment. 
In  this  dilute  nitrated  lead  firft  foak  the  linen 
or  cotton  thread  (without  heat)  for  ten  or  twelve 
hours,  then  take  it  out,  wafh  it  and  wring  it 
well.  Next  dip  the  thread  into  a moderately 
ftrong  warm  glue  water,  wring  it  out  but  do  not 
wafh  it,  and  let  it  dry  in  the  fhade.  Next  make 
a decodlion  of  \ of  an  ounce  of  galls  in  a 
quart  of  water,  and  when  they  have  boiled  for 
ten  minutes  throw  in  of  an  ounce  of  fait. 
Then  foak  the  thread  therein  for  feven  or  eight 
minutes  with  a boiling  heat,  wafh,  wring  and 
dry  as  before.  The  thread  has  now  a dark 
yellowifh  grey  colour.  Afterwards  diflblve  •£• 
of  an  ounce  of  fulphat  of  iron  with  as  much 
fait  in  a quart  of  clean  hot  wrater,  foak  the 
thread  therein  for  eight  or  ten  hours,  after 
which  wafh  and  dry.  The  colour  is  now  black 
but  is  much  improved  by  the  following  opera- 
tions. Boil  -f-  of  an  ounce  of  logwood  in  a 
quart  of  water  for  ten  minutes,  after  which  add 
a quarter  of  an  ounce  of  ftarch,  and  when  well 
mixed  put  in  the  blackened  thread  or  fluff,  and 
boil  for  7 or  8 minutes,  after  which  wafh  it  in 
cold  water  and  dry.  Laftly,  the  colour,  which 
is  much  improved  by  the  foregoing  operation  is 
fixed  by  the  following.  Make  a bath  of  one 
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ounce  of  bruifed  galls  and  a quart  of  pretty 
flrong  glue,  and  when  it  has  boiled  for  xo 
minutes  add  one  ounce  of  vitriol  of  iron,  and 
allow  the  whole  to  cool  with  frequent  ftirring. 
Then  foak  the  thread  for  an  hour  in  the  liquor, 
after  which  wring  it  out  and  dry  it  in  the  {hade. 
The  dye  is  then  compleat.  Though  the  above 
procefs  includes  many  operations  it  does  not 
appear  needlel'sly  complex,  but  on  the  contrary 
is  very  judicious,  and  agreeable  to  the  long  efla- 
blifhed  practice  of  the  art.  Cloth  of  cotton  or 
linen  may  be  dyed  in  this  way,  according  to 
the  author,  as  well  as  thread. 

Of  Grey. 

Many  of  the  varieties  of  grey,  iron-grey,  flate 
colour,  &c.  are  given  by  proceffes  in  general 
fimilar  to  thofe  for  black,  but  with  fmaller  quan- 
tities of  the  ingredients,  and  efpecially  a {horter 
time  of  immerfion.  They  are  often  finilhed 
with  a weak  bath  of  weld,  cochineal,  Brazil 
wood,  and  other  livelier  colours  to  give  fome 
particular  tints. 

Of  Blue. 

The  principal  material  for  this  moft  im- 
portant colour  is  indigo,  a lingular  vegetable 
preparation  produced  by  the  fermentation  of 
the  leaves  of  a fmall  plant,  the  Indigofera  Tirtc- 
toria , and  one  or  two  varieties  of  the  fame 
genus,  cultivated  abundantly  in  many  tropical 
countries,  particularly  in  Mexico  and  other  parts 
of  Spanifh  America,  and  of  late  years  very 
largely  in  the  Britifh  Eaft  Indies. 

Many  important  chemical  faffs  are  connected 
with  the  preparation  of  this  colouring  matter, 
which,  with  the  analyfis  and  fuller  account  of 
the  methods  of  folution  for  the  purpofe  of  dye- 
ing will  be  referred  to  the  article  Indigo.  It  will 
be  fufficient  to  obferve  in  this  place  that  indigo 
is  brought  over  in  the  form  of  cubical  cakes  or 
lumps,  which  (when  the  article  is  of  the  beft 
kind)  are  of  a very  deep  blue  colour  almoft 
black  in  mafs,  very  light,  breaking  fhort  and 
eafily  reduced  to  powder ; when  rubbed  with 
the  nail  fhewing  a polifhed  copper-coloured 
ftreak,  and  of  a peculiar  fmell,  which  particu- 
larly Ihews  itfelf  when  in  folution. 

Indigo  is  foluble  of  itfelf  in  fcarcely  any 
known  menftruum  except  the  ftronger  acids ; 
water,  alkalies,  fpirit  of  wine,  & c.  added  fingly 
having  no  a&ion  on  it  whatever.  The  reafon 
of  this  great  infallibility  appears  from  multi- 
plied experiments  to  confift  in  the  high  degree 
of  oxygenation  in  which  blue  indigo  in  its  com- 
mon Hate  exifts.  That  the  blue  colour  depends 
on  the  a&ion  of  the  air  is  obvious  from  the 


circumftance,  that  in  the  preparation  of  this 
dye  the  colour  of  the  fermented  plant  is  at  firfl 
green,  but  by  expofure  to  air  it  takes  the  deep 
and  permanent  blue,  for  which  it  is  much  va- 
lued. Other  experiments  which  will  be  men- 
tioned under  this  article  make  it  appear  that  the 
change  from  green  to  blue  is  owing  to  this 
caufe. 

In  order  to  render  indigo  foluble  for  the  pur- 
pofes  of  dyeing  a fait  colour,  a complicated 
procefs  is  requisite.  Firfl,  fome  fubftance  mufl 
be  added  which  is  capable  of  partially  deoxy- 
genating  indigo,  or  of  reducing  it  to  a flate 
fomewhat  fimilar  to  the  recent  green  pulp  of 
the  indigo  while  under  manufacture ; and  next, 
a liquid  mufl  be  added  capable  of  diffolving  the 
deoxygenated  indigo,  that  it  may  be  applied  to 
the  fibres  of  the  fluff  immerfed  in  it.  The 
former  objeCl  is  fulfilled  by  a great  variety 
of  fubftances,  fo  different  in  nature,  that  it  is 
hardly  to  be  conceived  that  they  can  have  any 
other  property  in  common  than  that  to  which 
their  utility  is  attributed,  namely,  that  of  de- 
priving indigo  of  its  oxygen. 

The  additions  aClually  employed  for  this  pur- 
pofe, or  found  by  experiment  to  be  capable  of 
being  fo  ufed,  are  other  dyeing  matters,  fuch 
as  madder  or  weld,  vegetable  mucilaginous  fub- 
flances,  fuch  as  fugar  or  gum,  s and  alfo  many 
metallic  fub-oxyds,  or  metals  only  partially  com- 
bined with  oxygen  and  capable  of  abforbing 
from  the  indigo  that  additional  quantity  of  this 
principle  which  is  requifite  to  complete  fatu- 
ration.  The  fub-oxyd  of  iron  is  chiefly  ufed 
for  this  purpofe,  and  is  made  extemporaneoufly 
by  mixing  lime  and  fulphat  of  iron;  and  as  a 
proof  of  the  neceffity  of  ufing  fub-oxyd , and  not 
a perfect  oxyd,  it  may  be  added  that  the  red 
perfeCl  oxyd  of  the  fame  metal  has  no  effeCt 
whatever  in  bringing  indigo  to  a foluble  flate. 
Dr.  Bancroft  alfo  has  found  the  fub-oxyd  of  tin 
equally  beneficial.  The  fulphuret  of  arfenic 
or  orpiment  is  alfo  commonly  ufed  for  the  fame 
purpofe. 

The  indigo  thus  deoxygenated  is  now  foluble 
in  the  alkalies  or  in  lime-water,  which  are  the 
folvents  actually  employed  in  the  compofition 
of  the  indigo  vat. 

Indigo  is  a fubf  antique  colour,  or  one  that  re- 
quires no  mordant  to  be  previoully  united  with 
the  fluff  to  be  dyed.  It  is  alfo  one  of  the  faflefl 
colours  known,  but  to  render  it  permanent,  it 
mufl  be  prefented  to  the  fibres  of  the  cloth  in 
its  green  deoxygenated  flate.  Hence  it  is  that 
cloth  when  it  comes  out  of  the  indigo  vat  is 
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always  of  a deep  green,  but  by  expofure  to  air 
it  foon  changes  to  a fine  deep  blue.  This 
change  of  colour  of  the  folution  of  indigo  from 
green  (or,  if  much  alkali  has  been  ufed,  yel- 
lowifh  green)  to  blue,  forms  a very  entertaining 
experiment  in  the  fmall  way.  The  fame  change 
is  conftantly  going  on  upon  the  furfaces  of  indigo 
vats,  which,  being  in  contadl  with  air,  are  al- 
ways covered  with  a fine  variegated  green  and 
copper-coloured  fcum  that  is  perpetually  paffing 
to  blue,  unlefs  ftirred  in  and  mixed  with  the 
mafs  below. 

This  conftant  change  in  the  nature  of  the 
indigo  demands  an  equally  conftant  attention 
to  the  ftate  of  the  vat  on  the  part  of  the  work- 
man, to  keep  the  liquor  at  the  proper  point  of 
oxygenation ; for  when  the  blue  colour  is  re- 
generated, the  indigo  again  partly  feparates 
from  the  lime  or  alkaline  folvent,  or  remains 
only  fufpended  in  it  as  a fine  impalpable  pow- 
der which  will  not  adhere  to  cloth  with  any 
permanence.  A frefh  addition  of  the  deoxy- 
dating  materials  alfo  becomes  from  time  to  time 
necellary;  but  again,  too  great  a quantity  of  this 
and  of  the  lime  or  alkali  is  equally  detrimental, 
and  lo  far  alters  the  nature  of  the  indigo  that 
it  will  no  longer  change  to  blue  by  air,  but  re- 
mains of  a rufty  yellowifh  green. 

Woad,  which  is  a fecula  or  dried  pulp 
made  of  the  fermented  leaves  and  ftem  of  the 
Ifatis  Tindloria,  and  in  nature  not  unlike  indigo, 
is  commonly  ufed  along  with  indigo  in  the  dye- 
ing of  woollen.  Woad  is  never  employed  alone, 
for  the  blue  colour  which  it  gives,  though  full- 
bodied  and  very  permanent,  is  not  fufficiently 
bright  and  gloffy.  In  its  nature  and  affinities 
for  oxygen  it  appears  confiderably  to  refemble 
indigo. 

The  bath  in  which  wool  is  dyed  blue  is  not 
a copper  boiler  as  is  the  cafe  with  other  dyes, 
but  is  a large  wooden  vat  generally  funk  in  the 
ground  fitted  with  a cover  to  protedl  it  from 
the  draught  of  external  air,  and  to  preferve  the 
temperature  more  uniform.  The  colour  is 
fometimes  procured  from  indigo  alone,  fome- 
times  from  a mixture  of  indigo  and  woad.  The 
latter  is  prepared  in  the  following  way.h 

Two  hundred  parts  of  woad  broken  fmall  are 
firft  thrown  into  the  vat,  to  which  is  then 
added  a hot  decodtion  of  15  parts  of  weld,  as 
much  madder,  and  a balket  of  bran  all  boiled  in 
a feparate  veffiel  with  water  enough  to  fill  the 
wooden  vat.  This  is  allowed  to  remain  at  reft 
for  fix  hours,  when  the  whole  is  well  ftirred  to- 
gether and  again  let  to  reft.  A kind  of  fer- 


mentation is  thus  produced  in  the  vat,  attended 
with  very  ftrong  acrid  vapours,  owing  to  the 
beginning  decompofition  of  the  woad.  After 
a fufficient  time  (during  which  the  ftirring  is 
often  repeated)  4 parts  of  lime  are  added  which 
turns  the  vat  of  a black  colour,  and  makes  the 
fumes  ftill  more  acrid.  Immediately  afterwards 
from  5 to  1 5 parts  of  indigo  (more  or  lefs  ac- 
cording to  the  depth  of  colour  to  be  dyed)  mixed 
up  with  water  into  a cream-like  fluid  are  poured 
in,  and  the  whole  ftirred  and  covered.  The 
difoxygenation  of  the  indigo  is  effected  by  the 
adtion  of  all  the  vegetable  matter  already  in  the 
vat,  and  when  thus  altered  it  is  diffolved  by 
the  lime.  The  figns  of  the  folution  of  the  in- 
digo are  the  rifing  of  a blue  copper-coloured 
and  variegated  fcum,  and  the  liquor  beneath 
becoming  of  a bright  green.. 

Before  the  cloth  is  put  into  the  vat,  it  is 
wetted  with  clear  hot  water  and  wrung  out. 
The  time  of  remaining  in  the  vat  depends  on 
the  depth  of  colour  wanted  and  on  other  cir- 
cumftances. 

It  comes  out  green,  as  already  mentioned, 
but  the  colour  changes  to  blue  by  expofure  to 
air.  It  is  then  thoroughly  waftied  to  difeharge 
all  the  colouring  matter  that  is  not  fixed,  and 
dried  in  the  field. 

Dr.  Bancroft  thinks  (and  with  fome  reafon) 
that  the  weld  and  madder  added  to  this  vat 
have  little  other  effe£l  than  to  fupply  vegetable 
matter  for  the  fermentation  which  is  to  difoxy- 
genate  the  indigo,  and  hence  that  inftead  of 
thefe  expenfive  ingredients,  any  herbs,  or  a 
greater  quantity  of  bran,  or  coarfe  fugar,  or 
many  other  cheaper  materials  might  be  fub- 
ftituted.. 

A richer  blue  bath,  that  gives  a finer  and 
fofter  colour  (but  is  more  expenfive  on  account 
of  indigo  alone  fupplying  the  blue  colour)  is 
made  by  boiling  in  a copper  with  fufficient 
water,  9 parts  of  pearlafh,  with  as  much  bran 
and  1 part  of  madder,  after  which  9 parts  of 
indigo  ground  up  with  a little  water  are  added, 
and  a gentle  heat  kept  up  for  about  forty-eight 
hours,  ftirring  the  whole  well  together  three 
or  four  times  during  the  folution.  In  this  cafe 
the  alkali  is  the  folvent  of  the  indigo  when  de- 
oxygenated  by  the  bran  and  the  madder. 

In  other  indigo  baths  the  ammonia  contained 
in  ftale  urine  is  the  folvent  of  the  colouring 
matter,  and  the  deoxygenating  matters  are  mad- 
der and  tartar.  The  vai'iety  is  endlefs  of  com- 
binations thus  afforded  by  the  ufe  of  a vaft 
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number  of  vegetable  matters,  with  lime  or  any 
of  the  alkalies. 

Silk  is  dyed  in  a fimilar  indigo  vat  with 
the  foregoing,  and  without  woad.  For  the 
very  deep  colours  however  it  is  found  neceffary 
to  prepare  the  filk  with  a high  purple  from  archil. 

Metallic  fub  - oxyds  and  fulphurets  were 
mentioned  to  be  equally  powerful  in  deoxy- 
genating  indigo,  with  vegetable  matters,  and  to 
be  employed  accordingly.  This  chiefly  takes 
place  in  preparing  the  indigo  vats  for  cotton 
and  linen.  A very  fimple  and  efficacious  mode 
of  compofmg  this  kind  of  blue  vat  is  to  mix  to- 
gether one  part  of  indigo,  2 parts  of  fulphat 
of  iron,  and  2 of  lime  with  fufficient  water  in 
a vat,  to  ftir  them  together  very  well  for  a con- 
fiderable  time,  and  then  luffer  them  to  remain 
two  days  at  reft.  In  this  cafe  part  of  the  lime 
fxrft  decompofes  the  fulphat  of  iron,  feparating 
the  fub-oxyd  of  iron,  which  then  a<5ts  on  the 
indigo  and  brings  it  to  the  ftate  of  the  green- 
yellow  or  deoxygenated  indigo,  at  which  time  it 
becomes  foluble  in  the  remainder  of  the  lime. 
This  vat  therefore  confifts  of  a folution  of  de- 
oxygenated indigo  by  lime,  mixed  with  fome 
fulphat  of  lime  (arifing  from  the  decompofition 
above  mentioned)  and  at  the  bottom  is  a fedi- 
ment  of  the  oxyd  of  iron,  with  any  undiflblved 
lime  or  regenerated  blue  indigo  that  may  be 
contained.  The  cotton  comes  out  of  the  vat 
green  as  in  the  former  cafe,  and  turns  blue  by 
expofure  to  air.  It  is  the  conftant  practice  after 
the  cotton  is  dyed  to  pafs  it  through  a ciftern 
containing  cold  water  with  a fmall  proportion 
of  fuiphuric  acid.  This  is  found  to  heighten 
the  colour,  and  is  of  further  ufe  in  diffoiving 
out  any  adhering  lime  or  fulphat  of  lime  which 
would  give  a harfhnefs  to  the  fluff  and  impair 
the  luftre. 

Alkalies  are  alfo  frequently  ufed  inftead  of 
lime  in  the  above  vat.  Their  effect  is  precifely 
the  fame  as  that  of  the  lime,  only  being  them- 
felves  much  more  foluble  in  water  than  lime, 
they  will  bear  a much  larger  proportion  of 
indigo,  and  of  courfe  will  form  a much  deeper 
and  richer  dye. 

The  indigo  rapidly  regenerates  or  recovers  its 
oxygen  (and  with  it  its  blue  colour)  at  the  fur- 
face  of  all  thefe  folutions,  and  in  fo  doing  it 
feparates  from  the  alkali  or  lime-water  which 
held  it  diffolved,  and  partly  finks  to  the  bottom, 
partly  remains  entangled  in  the  fcum.  Hence 
the  ufe  of  the  occafional  ftirrings  to  mix  the 
regenerated  indigo  with  the  other  materials,  and 
jagain  diffolve  it.  Frequent  additions  are  alfo 


ufed  of  the  deoxygenating  and  diffoiving  fub- 
fiances  to  refrefh  the  vat  when  long  expofed  to 
air,  and  bring  it  back  to  the  proper  flate  for 
dyeing. 

It  is  remarkable  that  the  falts  of  copper  are 
found  by  conftant  experience  to  have  a totally 
oppofite  effedl  on  indigo  from  the  falts  of  iron, 
the  former  being  obferved  not  only  to  have  no 
effedl  in  rendering  indigo  foluble,  but  even  to 
prevent  the  operation  of  the  fub-oxyds  of  iron, 
and  to  haften  the  regeneration  of  diffolved 
indigo.  This  is  fuppofed  to  be  the  reafon  why 
cottons,  fir  ft  foaked  in  fulphat  of  copper,  and 
then  palled  through  a very  weak  indigo  vat,  ex- 
tra£l  at  once  all  the  colour,  the  copper  deter- 
mining the  immediate  feparation  of  the  indigo. 

Orpiment  or  fulphuret  of  arfenic  is  chiefly 
ufed  in  preparing  the  indigo  folution  for  topical 
application  in  calico-printing.  Mr.  Hauffman 
mixes  for  this  purpofe  25  gallons  of  water  with 
10  pounds  of  indigo  (more  or  lefs  according  to 
its  quality),  to  which  is  added  30  lb.  of  good 
pearlafh,  12  lb.  of  lime,  and  12  lb.  of  orpiment. 
The  whole  is  boiled  for  a fufficient  time  Math 
ftirring,  and  forms  a very  ftrong  yellow  li- 
quid folution,  M'hich  turns  blue  by  expofure  to 
air.  For  calico-printing  it  is  thickened  either 
with  gum  fenegal  or  with  ftarch  to  the  confift- 
ence  of  a jelly,  and  M'hen  flrongly  impreffed 
on  cotton  it  forms  durable  blue  figures.  The 
extreme  inconvenience  of  this  and  all  other 
folutions  of  indigo  in  lime  or  alkalies,  is  the 
impoffibility  of  preventing  the  perpetual  rege- 
neration of  the  indigo  before  the  Mrhole  is  ufed; 
and  as  all  the  colour  prematurely  regenerated  is 
readily  M'afhed  away  in  the  after  proceffes,  it 
becomes  extremely  difficult  to  maintain  an  uni- 
form (hade  of  blue  through  the  pattern  of  a 
whole  piece  of  cloth.  The  gum  or  pafte  are 
of  further  ufe  in  retarding  this  premature 
change  of  the  indigo. 

According  to  Profeflor  Pallas k,  cotton  and 
filk  are  dyed  blue  at  Aftracan,  by  a bath  very 
fimilar  to  the  fimpleft  indigo  vat  for  M'ool,  the 
deoxygenating  fubftance  being  honey  and  the 
folvent  of  the  indigo  being  foda. 

The  proportions  are  2 lb  of  indigo,  5 lb.  of 
carbonat  of  foda,  2 lb.  of  lime,  and  1 lb.  of  cla- 
rified honey.  Thefe  are  put  M’ith  fufficient 
water  into  large  earthen  jars  fet  in  brick  work 
over  a fire,  which  will  bear  a boiling  heat,  and 
are  heated  M-ith  frequent  ftirring,  till  the  indigo 
is  diffolved. 

Saxon  Blue  is  the  name  given  to  a totally  dif- 
ferent preparation  of  indigo  from  thofe  hitherto 
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mentioned,  and  is  made  by  digefting  this  colour- 
ing matter  for  above  twenty-four  hours,  with  a 
gentle  heat,  in  about  four  times  its  weight  of 
ftrong  fulphuric  acid.  This  acid  (which  thus 
concentrated,  and  with  the  afliftance  of  heat, 
would  charr  and  deftroy  moll  vegetable  matters) 
produces  but  little  apparent  alteration  on  indigo, 
but  diffolves  it  into  a fluid  of  an  inky  blacknefs 
when  undiluted,  but  when  largely  mixed  with 
water,  it  produces  a very  beautiful  tranfparent 
blue  liquor,  of  a brighter  colour  than  the  alka- 
line folutions  of  indigo,  and  capable  of  giving 
very  fine  dyes  to  cloth,  filk,  or  cotton.  The 
great  inconvenience  however  of  the  Saxon  blue 
is  the  extreme  difficulty  of  rendering  it  a tole- 
rably fall  colour,  for  when  applied  in  the  com- 
mon way  it  is  foon  deftroyed  by  waffiing,  efpe- 
cially  with  foap,  fo  that  the  indigo  in  the  ftate 
in  which  it  exifts  in  this  folution  appears  to 
have  but  a very  feeble  affinity  with  animal  or 
vegetable  fibre,  a remarkable  contrail  to  the 
habitude  of  the  fame  colouring  matter  when 
deoxygenated  and  diflolved  in  alkalies. 

The  colour  of  the  Saxon  blue  undergoes  no 
notable  change  like  that  of  the  common  indigo 
vats,  the  Huffs  dyed  in  it  coming  out  blue  and 
not  green.  The  colour  takes  upon  woollen 
cloth  with  great  rapidity,  fo  that  it  is  very  diffi- 
cult to  dye  it  uniform  through  a whole  piece. 
Some  fcientific  dyers  have  thought  that  this  dye 
was  more  permanent  when  the  folution  was 
faturated  with  an  alkali  juft  fhort  of  the  point 
at  which  the  indigo  begins  to  feparate,  for  an 
entire  faturation  of  the  acid  will  precipitate  the 
indigo  nearly  unchanged.  Other  artifts  have 
thought  alum  of  ufe  in  this  cafe  in  fixing  the 
colour.  The  a£lion  of  acids  upon  indigo  will  be 
further  mentioned  under  the  article  Indigo. 

PruJJian  Blue  is  fo  beautiful  a colouring  mat- 
ter for  painting,  that  many  attempts  have  been 
made  to  fix  it  permanently  on  cloth  of  different 
kinds.  Pruffian  blue,  or  pruffiat  of  iron,  is  natu- 
rally a fall  colour,  refilling  the  adlion  of  light 
and  air  for  any  length  of  time,  but  when  dif- 
folved  in  any  of  the  alkalies,  or  in  lime-water, 
the  blue  is  immediately  deftroyed,  and  a pale 
ftraw  colour  fubftituted.  The  folution  is  a 
triple  compound  of  pruffic  acid,  iron,  and  the 
alkali  or  lime  ufed.  If  any  acid  be  added  to  the 
above  pruffiat  to  the  full  faturation  of  the  alkali 
or  lime,  the  blue  colour  is  reftored  without  im- 
mediately precipitating  the  pruffian  blue. 

Two  methods  have  been  adopted  of  preparing 
this  colour  for  dyeing,  the  one,  by  mixing  it 
with  muriatic  acid,  in  which  cafe  it  is  only  fuf- 
pended  and  not  diflolved  •,  the  other,  by  diffol- 


ving  it  in  alkalies  or  lime,  and  faturating  the 
folution  to  that  point  at  which  the  blue  colour 
is  reftored.  The  pruffian  blue  in  either  cafe  has 
fufficient  affinity  with  the  fibre  of  cloth  to  unite 
with  it  rapidly  and  firmly. 

Some  have  ufed  an  acetite  of  iron  as  a kind 
of  mordant  to  the  cloth  before  the  application  of 
the  pruffiated  alkaline  folution.  It  is  neceffary 
in  all  cafes  where  this  folution  is  ufed,  that  it  be 
neutralized  with  an  acid  to  diminifh  the  ftrong 
affinity  between  the  alkali  and  colouring  matter, 
which  without  this  afliftance  the  cloth  alone 
could  not  overcome. 

Two  capital  inconveniences  have  hitherto 
been  found  to  attend  the  ufe  of  this  fubftance 
as  a blue  dye,  the  one  the  extreme  difficulty  of 
making  it  take  at  all  uniformly  on  a moderate 
extent  of  cloth  ; for  an  immerfion  of  a very  few 
minutes  is  found  fufficient  to  give  the  full  effe£t 
of  this  colour,  and  hence  the  dye  is  depofited 
fo  rapidly  as  to  be  conftantly  wavy  and  un- 
even. The  other  defe£l  is  that  it  is  readily  dif-. 
charged  by  foap,  the  alkali  in  the  foap  having 
the  fame  effedl  on  the  colour  fixed  in  the  fibres 
of  cloth  as  it  has  on  pruffian  blue  in  fubftance, 
fo  that  after  a very  few  waffiings  the  colour  be- 
comes of  a dirty  yellowiffi  brown.  Stuffs  dyed 
with  this  colour  therefore  mull  be  wafhed  with 
bran,  or  oatmeal,  or  in  any  other  way  in  which 
no  alkaline  fubftance  is  employed. 

A bafis  of  other  colours  is  often  ufed  in 
dyeing  with  pruffian  blue. 

Very  beautiful  greens  are  produced  with  this 
colour,  and  the  permanent  yellows. 

Dr.  Bancroft,  in  his  curious  experiments  on 
this  colouring  matter,  obferves,  that  when  cot- 
ton is  printed  with  a mixture  of  adje£live 
colours,  and  an  iron  mordant  i without  alum , and 
afterwards  dyed  with  pruffian-blue  folution,  the 
refult  is  not  a mixture  of  the  blue  with  the 
adjedlive  colour  already  applied  (for  example, 
green,  where  the  latter  is  a yellow)  but  is- 
Amply  that  colour  which  the  pruffian  folution 
would  produce  with  the  iron  mordants  without 
the  adje£live  dye : or  in  other  words  the  pruf- 
fian blue  appears  merely  to  difplace  the  firft 
applied  colour,  and  unite  with  the  iron  mordant. 
It  has  however  the  capital  advantage  of  dyeing 
much  more  uniformly  than  in  the  common  way, 
fo  that  in  this  inftance  the  adje£live  colour  ap- 
pears to  divide  and  diftribute  the  mordant  more 
accurately  than  could  be  done  without  it.  On 
the  other  hand,  where  the  adjeftive  colour  is 
fixed  with  an  alum  mordant,  the  pruffian  blue 
cannot  difplace  it,  and  therefore  unites  with  it, 
forming  an  intermediate  {hade  of  colour. 
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Of  Yellow. 

Y e!low  is  fo  common  a colour  for  tlie  extrac- 
tive part  of  vegetables  as  to  furnilh  a confiderable 
number  of  dyes,  many  of  which  are  only  ufed 
extemporaneoufly  by  uncivilized  nations  in  dif- 
ferent parts  of  the  world,  and  fcarcely  known 
beyond  thofe  parts.  The  yellow  dyes  actually 
employed  in  this  country  are  few,  and  it  hap- 
pens unfortunately  that  the  molt  beautiful  are 
not  the  molt  permanent.  All  the  known  yel- 
lows are  adjedtive  colours,  or  fuch  as  require  a 
mordant,  and  on  the  whole  this  is  a dye  eafily 
given,  but  always  (when  on  cotton  and  linen), 
liable  to  be  impaired  by  the  adtion  of  light  and 
air. 

Weld  ( Refeda  Luteola  Linn.)  is  a (lender 
plant  growing  to  the  height  of  about  three  feet, 
and  cultivated  for  dyeing  in  this  country,  as  in 
many  other  parts  of  Europe.  The  plant  is  cut 
when  ripe,  and  fimply  fpread  out  to  dry,  after 
which  it  is  tied  up  in  bundles,  and  ufed  in  this 
Hate  without  any  other  preparation.  It  requires 
nearly  a boiling  heat  to  enable  water  to  extract 
the  colour  of  weld  with  effedt,  and  a coftion  of 
three  quarters  of  an  hour  before  the  whole  of 
the  colour  is  exhaufted,  during  which  time 
it  is  loofely  tied  in  a bag,  and  kept  down 
in  the  boiler  by  a heavy  wooden  frame.  The 
deco&ion  of  weld,  when  concentrated,  is  a 
brownifh  yellow,  when  dilute  it  is  more  of  a 
lemon  yellow  with  a fliade  of  green.  Alkalies 
deepen  the  tint  towards  an  orange  or  brown, 
but  acids  make  it  lighter.  Alum  gives  a yellow 
precipitate  in  the  decottion  of  weld,  and  the 
clear  liquor  remains  of  a beautiful  lemon  colour. 
Tartar  is  confidered  as  brightening  the  colour  of 
weld,  and  the  folutions  of  tin  produce  this  effe£t 
in  a great  degree,  giving  it  at  the  fame  time  a 
yellowifh  green  tint  of  great  delicacy. 

Weld  is  confidered  by  mod  dyers  as,  on  the 
whole,  the  yellow  which  unites  beauty  with 
durability  in  the  higheft  degree. 

Wool  and  woollen  cloth  is  dyed  with  weld 
(according  to  Hellot)  in  the  following  way. 
The  wool  is  firft  cleanfed  in  the  ufual  manner, 
and  then  palled  through  a bath  of  about  4 parts 
alum  and  1 of  tartar  to  every  16  parts  of  wool. 
The  quantity  of  tartar  is  determined  by  the 
greater  or  lefs  brightnefs  of  colour  wanted  to 
be  given.  It  is  then  dyed  in  the  weld  bath, 
for  which  about  3 or  4 parts  of  weld  (often 
much  lefs)  are  ufed  to  1 part  of  wool.  For 
economy,  the  weaker  lhades  of  colour  are  dyed 
in  the  fame  bath  after  the  ftronger  are  finilhed. 


A golden  yellow  with  more  or  lefs  orange  is 
given  by  a weak  madder  bath  after  the  welding. 

Silk  is  dyed  of  a golden  yellow  generally  with 
weld  alone.  The  Huff  is  firft  boiled  in  foap 
water,  alumed  and  walked,  then  paffed  twice 
through  a weld  bath  in  which,  the  fecond  time, 
fome  alkali  is  diffolved  which  gives  a rich 
golden  hue  to  the  natural  yellow  of  the  weld. 
A little  annotta  ft i 11  further  deepens  the  colour. 
The  folutions  of  tin  alfo  apply  very  well  to 
filk,  and  with  weld  give  a bright  clear  yellow. 

To  dye  cotton  yellow1  it  is  firft  cleanfed  with 
wood  alhes  and  water,  rinced,  alumed,  dried 
without  further  rincing,  and  then  paffed  through 
a yellow  bath  in  which  the  weld  is  fomewhat 
more  than  the  weight  of  the  cotton.  When 
the  colour  has  fufficiently  taken,  the  cotton  is 
thrown  into  a bath  of  fulphat  of  copper  and 
water  and  kept  there  for  an  hour,  after  which 
it  is  boiled  with  white  foap-water,  and  finally 
wafhed  and  dried. 

If  a deeper  jonquil-yellow  is  wanted,  the 
aluming  is  omitted,  and  inftead,  a little  verdi- 
gris is  added  to  the  weld  bath,  and  the  cotton 
finilhed  with  foda. 

It  is  particularly  in  giving  the  lively  green 
lemon  yellow  that  weld  is  preferred  to  all  other 
materials.  It  is  however  expenfive,  confider- 
ing  the  fmall  proportion  of  colouring  matter  to 
the  weight  of  the  plant,  and  the  dye  is  not 
extracted  readily  with  lefs  than  a boiling  heat, 
which  in  callico-printing  is  fometimes  a great 
inconvenience.  It  is  alfo  found  to  degrade  and 
interfere  with  madder  colours  more  than  other 
yellows,  which  is  another  difadvantage  in  print- 
ing, where  patterns  are  firft  impreffed  with 
madder-colours,  and  the  whole  finilhed  with  a 
weld  bath. 

Quercitron  Bark.  The  bark  of  the  American 
oak  (the  Quercus  Nigra , Linn.)  long  ufed  as  a 
yellow  dye  in  the  countries  where  it  is  indi- 
genous, was  firft  introduced  into  this  country 
by  Dr.  Bancroft,  from  whofe  full  and  elaborate 
account  of  its  properties  the  following  general 
fa£ts  are  extracted. 

The  colouring  matter  of  this  bark  may  be 
readily  extracted  by  water  only  blood-warm. 
The  infufion  in  hot  water  is  rather  turbid,  and 
there  feparates  by  filtration  a fmall  quantity  of 
yellow  refill.  The  infufion  will  yield  by  eva- 
poration an  extract  which  contains  the  colour 
in  a very  concentrated  ftate,  but  when  kept  for 
a fhort  time  does  not  anfwer  for  dyeing  fo  well 
as  the  unprepared  bark.  The  decodlion  of 
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quercitron  is  of  a yellowifh  brown,  darkened 
by  alkalies,  and  rendered  lighter  by  acids : alum 
caufes  a very  fmall  precipitate  of  a deep  yellow: 
the  folutions  of  tin  produce  a very  lively  yel- 
low and  a copious  fediment. 

The  quantity  of  colour  contained  in  quer- 
citron bark  is  very  great  compared  to  it's  weight, 
much  more  than  in  an  equal  weight  of  weld,  to 
which  it  approaches  the  neareft  in  beauty  and 
durability  combined. 

Wool  may  be  dyed  of  a fall  yellow  with 
quercitron  by  being  firft  cleaned  in  the  ufual 
manner,  boiled  for  about  an  hour  with  one- 
fixth  of  its  weight  of  alum,  in  fufficient  water, 
then  without  rincing  transferred  into  a copper 
containing  a decodlion  of  as  much  quercitron 
bark  as  there  was  ufed  of  alum,  and  turned 
through  the  boiling  liquor  over  the  winch  as 
ufual,  till  the  colour  appears  to  have  taken  fuf- 
ficiently. 

After  this,  fome  chalk  in  the  proportion  of 
about  one  pound  for  every  ioolb.  of  the  cloth 
is  to  be  mixed  with  the  dyeing  liquor,  and  the 
operation  continued  ten  minutes  longer,  when 
the  procefs  will  be  finiffied. 

It  may  be  obferved  that  chalk  or  alkali  is  of 
great  fervice  in  all  yellow-dyeing,  whether  with 
weld,  quercitron,  or  any  other  colour,  when  the 
mordant  is  alum,  as  this  addition  helps  to 
bring  out  and  heighten  the  dye. 

The  yellow  of  quercitron  given  in  this  way 
is  however  inferior  to  that  of  weld. 

The  falts  of  tin,  being  powerful  mordants  for 
almoft  every  colouring  matter,  may  be  em- 
ployed with  advantage  in  dyeing  yellow,  par- 
ticularly the  finefl  colours.  Dr.  Bancroft  re- 
commends the  murio-fulphat  of  tin  (made  by 
diffolving  14  ounces  of  tin  in  a mixture  of  two 
pounds  of  ftrong  fulphuric  acid,  and  three 
pounds  of  the  muriatic)  of  which  10  lb.  with 
as  much  quercitron  bark,  are  fufficient  to  give 
the  higheft  orange  yellow  to  ioolb.  of  cloth. 
The  bark  is  firft  put  into  the  boiler  (tied  up  in 
a bag)  and  boiled  with  water  for  a few  minutes, 
after  which  the  tin  folution  is  added,  the  mix- 
ture well  ftirred,  and  the  cloth,  previoufly 
fcoured  and  wetted,  is  then  palled  brilkly 
through  the  liquor  over  a winch  for  a fufficient 
time,  which  is  generally  no  more  than  a quarter 
of  an  hour. 

With  an  addition  of  alum' a pure  golden 
yellow  with  lefs  of  the  orange  is  produced  ; for 
the  delicate  green  yellows  Dr.  B.  ufes  the  tin 
folution  with  both  tartar  and  alum. 

The  method  of  dyeing  cotton  yellow  with 
weld  has  been  already  mentioned.  A fimilar 
vox..  1. 


way  will  anfwer  with  all  the  yellow  dyes,  but- 
owing  to  the  fmall  affinity  which  the  fibres  of 
cotton  have  for  colouring  matter,  it  is  extremely 
difficult  by  any  means  to  fix  a full,  equal  and 
lafting  yellow  on  this  material.  Even  the  fait# 
of  tin  which  are  fo  ufeful  as  mordants  to  wool 
or  filk.  Dr.  Bancroft  obferves  to  have  no  good 
effect  with  cotton,  and  to  be  worfe  in  every 
refpedt  than  alum. 

On  account  of  the  fuperior  beauty  and  dura- 
bility of  the  yellows  given  to  cotton  in  the  pro- 
cefs of  calico-printing  to  thofe  of  common 
dyeing,  Dr.  Bancroft  propofes  the  ufe  of  the 
printers  mordant,  the  acetite  of  alumine,  in 
general  dyeing.  When  ufed  for  this  purpofe 
it  is  not  to  be  thickened  with  gum  or  ftarch, 
but  prepared  fimply  by  mixing  one  part  of  fugar 
of  lead  with  three  of  alum  and  fufficient  water. 
The  cotton  (and  the  fame  applies  to  linen) 
fhould  be  firft  foaked  for  two  hours  in  the  alu- 
minous liquor  kept  blood-warm  and  then  dried 
in  a ftove : then  foaked  a fecond  time  in  the 
mordant,  dried  without  rincing  in  water,  then 
foaked  in  lime-water,  which  tends  to  fix  the 
alumine  in  the  cloth  and  neutralizes  the  acetous 
acid.  After  this  (or  where  a very  durable  yel- 
low is  wanted,  with  a third  aluming  and  liming) 
it  is  fit  for  the  yellow  bath,  in  which  1 2 or  18 
pounds  are  fufficient  for  100  of  the  linen  or 
cotton.  A finiffi  with  a very  weak  folution  of 
fulphat  of  copper  feems  to  raife  the  colour. 

Some  of  the  further  ufes  propofed  to  be  made 
of  the  quercitron  by  Dr.  Bancroft,  will  be  men- 
tioned when  deferibing  the  cochineal  fcarlet 
and  calico-printing. 

Old  Fujlicy  fo  called  in  this  country,  (the  Bois 
Jaune  of  the  French,)  is  the  wood  of  a large 
tree,  tire  Moms  tinBoriay  which  grows  abun- 
dantly  in  many  parts  of  the  Weft  Indies  and  the 
American  continent. 

Fuftic  is  of  a fulphur  colour,  abounding  in 
colouring  matter,  which  is  much  more  durable 
than  any  of  the  other  yellow  dyes,  infomuch  as 
when  applied  even  fubftantively,  or  without  a 
mordant,  the  dye  is  confiderably  durable,  but 
ftill  more  fo  when  ufed  with  the  fame  mordants 
as  weld  or  quercitron. 

The  decoftion  of  fuftic  in  water,  when  ftrong, 
has  a deep  and  fomewhat  dull  red  yellow,  and 
by  dilution  becomes  orange  yellow.  Acids  pro- 
duce in  it  only  a flight  precipitate,  which  al- 
kalies rediflolve,  rendering  the  liquor  red. 

Fuftic  though  valuable  for  the  durability  of 
its  colour  is  feldom  ufed  for  the  pure  yellows, 
as  the  colour  which  it  gives  is  dull  and  muddy. 
It  is  chiefly  ufed  in  compound  colours,  as  in 
3^ 
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Forming  green  with  a Saxon-blue  balls ; or  in 
producing  with  a mixed  mordant  of  alum  and 
iron  liquor  an  infinite  variety  of  drab  and  olive 
dyes,  where  the  natural  dullnefs  of  its  colour  is 
of  no  confequence.  It  is  ufed  chiefly  in  general 
dyeing  and  leldom  in  printing.  It  goes  much 
further  than  weld. 

Young  Fujlic,  the  Fujlet  of  the  French  dyers, 
Rhus  Cotinus  or  Venice  Sumach,  is  a lhrub  grow- 
ing in  Italy  and  the  South  of  France,  which 
gives  a fine  greenifh  yellow  but  without  any 
permanence,  fo  that  it  is  never  ufed  alone,  but 
only  as  an  acceflary  colour  to  heighten  cochineal 
and  other  dyes  and  give  them  an  approach  to 
yellow. 

The  common  Sumach  of  Spain,  Portugal,  and 
other  parts  of  Europe,  gives  a yellow  dye  with 
the  aluminous  mordant,  but  very  pale  and  dull. 
It  is  therefore  never  employed  for  this  purpofe, 
but  on  account  of  the  large  quantity  of  gallic 
acid  it  contains,  it  is  of  great  fervice  in  black 
dyes  and  all  the  degradations  of  this  dye. 

Saw-Wort  ( Sarrette,  Fr.)  the  Serratula  Tinc- 
toria  of  Linnaeus,  is  a ufeful  plant  which  gives 
a good  lemon  yellow  to  wool  when  ufed  with 
the  aluminous  mordant. 

Dyer’s  Broom  ( Gen  f role , Fr.)  the  Genijla  Titic- 
toria  of  Linnaeus,  a plant  abundant  in  dry  hilly 
countries,  gives  a tolerable  yellow,  which  with 
an  alum  and  tartar  mordant  is  fometimes  ufed 
in  the  inferior  woollen  goods. 

Avignon  or  French  berry  ( Graine  d ’ Avignon ) 
is  a very  beautiful  but  remarkably  fugitive  yel- 
low, which  can  never  be  ufed  with  advantage 
to  the  confumer  except  where  a very  temporary 
but  fine  colour  is  wanted. 

The  American  Golden  Rod  ( Solidago  Canadenfis ) 
though  not  commonly  introduced,  appears  by 
the  experiments  of  able  dyers  to  be  one  of  the 
very  belt  of  the  vegetable  yellows,  little  if  at  all 
inferior  to  weld. 

Several  other  vegetables  have  alfo  been  oc- 
cafionally  ufed  for  yellow  dyes,  but  are  of  little 
importance.  In  fa£t  fcarcely  any  other  fub- 
ftance  is  actually  employed  for  this  colour  than 
weld,  fuftic,  and  quercitron. 

Of  Madder  Reds. 

The  root  of  madder  ( Rubia  TinBorum ) is  one 
of  the  mod  important  of  the  colouring  matters, 
cn  account  of  the  great  body  and  quantity  of 
colour  which  it  poffpfles,  its  durability  when 
fixed  by  proper  mordants,  and  the  immenfe 
variety  of  fhades  of  colour  which  are  obtained 
from  it  by  various  admixtures. 

• Some  fa£ls  concerning  the  cultivation  and 
analyfis  of  madder  will  be  deferibed  under  that 


article,  the  general  refult  of  the  analyfis  is  that 
madder  naturally  contains  two  diftindt  colour- 
ing matters,  one  of  which  is  of  a deep  blood-red 
(for  which  alone  it  is  valued)  and  the  other  of  a 
dun  or  yellow  brown,  more  foluble  than  the 
former,  but  fo  intimately  combined  with  it  as 
materially  to  deteriorate  the  natural  beauty  of 
tire  red  portion. 

The  natural  colour  of  madder  therefore  is  a 
dull  orange  red,  with  much  body  but  little 
brightnefs;  but  by  various  means  (fome  of  them 
extremely  complicated)  the  art  of  man  has  been 
enabled  to  extradl  and  fix  dyes  of  great  beauty 
from  this  ingredient. 

Madder  is  an  adjedtive  colour,  its  ftains  being 
removed  from  all  kinds  of  cloth  without  much 
difficulty  by  wafhing  and  expofure,  unlefs  fixed 
by  mordants.  Of  thefe  the  aluminous  falts  are 
the  molt  powerful,  and  moll  commonly  em- 
ployed. The  falts  of  tin  are  not  ufed  in  fixing 
the  colour,  but  when  fixed,  they  render  it  more 
lively. 

Wool  or  woollen  cloth  when  to  be  dyed  with 
madder,  is  firft  foaked  in  a bath  of  alum  and 
tartar  in  varying  proportions,  but  when  the 
latter  is  in  excefs  the  colour,  though  folid,  dege- 
nerates to  a cinnamon  brown.  The  madder 
added  to  the  bath  of  alum  and  tartar  mull 
fcarcely  be  heated  more  than  blood- warm,  other- 
wife  the  dye  will  become  browner  and  deeper. 
At  any  time  however  the  madder  reds  on  wool 
are  not  fo  beautiful  as  thofe  on  linen  or  cotton, 
though  eafier  given,  and  with  more  body. 

The  fixing  a permanent,  full,  and  beautiful 
madder  red  upon  cotton,  and  efpecially  linen, 
is  perhaps  the  moll  difficult  and  complicated 
procefs  in  dyeing,  and  one  on  which  more  has 
been  written,  and  more  experiments  and  enqui- 
ries have  been  made  than  perhaps  any  other 
part  of  this  chemical  manufacture.  The  affinity 
of  cotton,  (and  the  fame  applies  to  linen)  to 
madder-colour  is  fo  fmall,  that  even  the  alumi- 
nous mordant  will  not  alone  be  fufficient  to 
enable  it  to  refill  frequent  wafhing,  and  efpe- 
cially the  bleaching  effedl  of  the  fun’s  rays. 
Hence  it  is  found  neceflary  previoufly  to  fix  into 
the  fibres  of  the  cotton  one  or  more  fubltances 
capable  of  uniting  with  both  the  mordant  and 
the  colouring  matter,  and  to  retain  them  with 
great  fpree. 

There  are  two  principal  kinds  of  madder  co- 
lours knowm,  but  with  a great  variety  of  in- 
termediate fhades ; one  is  the  common  red, 
not  very  brilliant,  but  confiderably  perma- 
nent, in  which  the  fubltances  ufed  are  chiefly, 
firft,  any  vegetable  fubftance  containing  a 
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large  quantity  of  tan,  and  above  all,  galls,  fe- 
condly,  an  aluminous  mordant  added  to  the 
galled  cotton,  generally  with  a certain  portion 
of  tartar;  thirdly,  the  madder  colouring  mat- 
ter, and  fourthly,  a finilh  with  an  alkaline 
bath,  which  indeed  is  not  eflential  to  the 
fixity  of  the  colour,  but  is  found  moll  mate- 
rially to  heighten  and  improve  it,  chiefly  as  has 
been  fuppofed  by  removing  the  brown-yellow 
part  of  the  madder  which  always  mixes  more  or 
lefs  with  the  red,  and  degrades  it.  The  other 
madder  colour  is  a very  bright,  beautiful,  and 
mod  durable  red,  which,  from  having  long  been, 
and  being  ftill  prepared  at  Adrianople,  and 
other  parts  of  the  Levant,  with  a perfection 
fcarcely  imitable,  is  called  the  Adrianople  or  Turkey 
Red,  and  if  the  accounts  of  its  preparation  are 
accurate,  it  is  the  mod  complicated  and  tedious 
procefs  in  the  whole  art  of  dyeing. 

The  true  Adrianople  red,  befides  its  uncom- 
mon beauty,  has  the  property  of  refilling  more 
than  any  other  madder  red,  the  action  of  foap, 
alkalies,  alum,  acids,  and  all  other  reagents.  On 
this  account  nitric  acid  is  employed  as  a tell  to 
dillinguifh  this  red  from  any  fpurious  imitations. 
If  the  latter  is  immerfed  in  aqua-fortis,  or  com- 
mon nitric  acid,  it  foon  lofes  colour,  and  in 
about  a quarter  of  an  hour  it  is  quite  white, 
whereas  the  genuine  Turkey  red  cotton  will  re- 
main nearly  an  hour  without  any  perceptible  lofs 
of  colour,  and  retains  an  orange  tint  to  the  laft. 

There  can  be  no  doubt  too  that  much  of  the 
beauty  of  the  Levantine  red  is  owing  to  the 
fuperior  quality  of  the  madder,  as  will  be  noticed 
under  that  article,  fo  that  even  with  the  bed 
madder  of  the  North  of  Europe,  it  is  pi'obable 
that  no  accuracy  in  the  dyeing  can  entirely 
make  up  for  this  radical- difference. 

We  fhall  not  detail  the  feventeen  diftinct  ope- 
rations (given  by  the  Abbe  Mazeas)  as  employed 
in  this  procefs,  but  only  deferibe  the  general 
•yvay  of  proceeding. 

The  cotton  yarn  is  firlt  thoroughly  cleanfed 
by  long  boiling  in  water.  The  next  ftep  is  to 
impregnate  it  with  an  animal  fubftance,  which, 
having  a much  ftronger  affinity  for  colouring 
matter  than  the  cotton  itfelf,  forms  an  excellent 
balls  or  fubflratum  on  which  the  dye  may  fix 
itfelf  by  the  fubfequent  operations.  The  animal 
matter  in  this  inftance  is  fheep’s  dung.  Oil  is 
another  intermede  alfo  ufed,  and  the  effect  of 
this  is  certainly  to  aflilt  in  fixing  the  colour, 
and  rendering  it  afterwards  infoluble'  in  all 
other  fubltances.  The  oil  and  the  dung  are 
blended,  and  both  together  diflolved  in  a ley  of 
foda,  and  the  cotton  well  mixed  with  it  with 
much  manual  exertion. 


The  cotton  is  then  fteeped  in  olive  oil,  with- 
out the  dung,  brought  to  the  Hate  of  a milky 
liquid,  or  an  extemporaneous  foap,  by  juft  fuffi- 
cient  foda.  It  is  then  fteeped  in  three  fucceflive 
baths  of  foda  and  water,  each  ftronger  than  the 
laft,  in  order  thoroughly  to  feparate  all  the  oil 
that  loofely  adheres  to  the  cotton,  or  all  but 
what  is  intimately  combined  with  it.  This  is 
necefiary  to  make  it  take  up  the  foluble  part  of 
the  galls  with  which  it  is  combined  in  the  next 
operation.  A ftrong  decofftion  of  galls  is  then 
made,  and  the  cotton  is  long  and  thoroughly 
fteeped  in  it,  with  much  wringing  and  prefling, 
after  which  it  is  ftretched  and  dried  as  quickly 
as  poflible. 

The  cotton  now  may  be  confidered  as  a com- 
pound of  vegetable  fibre  with  the  animal  mat- 
ter of  dung,  with  oil,  and  with  tan  very  inti- 
mately combined,  and  it  is  then  in  the  ftate  fit 
to  receive  the  proper  mordant  for  the  madder 
colour.  This  mordant  is  Roman  alum,  in  which 
the  cotton  is  carefully  fteeped  for  a due  time, 
and  then  ftretched  and  dried. 

After  this  long  preparation  the  cotton  under- 
goes an  exa£l  repetition  of  the  whole  procefs 
ftep  by  ftep,  the  dung  bath  only  excepted ; that 
is,  of  oiling,  fteeping  in  foda,  galling  and  aiu- 
ming. 

The  whole  of  this  labour  being  performed, 
the  cotton  is  thoroughly  dried  and  aired,  and  is 
then  of  a dun  or  root  colour,  this  hue  being 
given  by  the  galls.  The  next  ftep  is  the  mad- 
dering,  but  in  order  more  fully  to  animalize  the 
cotton  a fmall  quantity  of  fheep’s  blood  is  mixed 
with  the  water  in  the  boiler  in  which  the 
madder  is  diflolved.  The  feledlicn  of  the 
madder  depends  on  the  precife  colour  required 
to  be  given  ; the  quantity  is  always  twice  the 
weight  of  the  cotton.  When  tiffs  bath  has  got 
to  a lukewarm  heat  the  hanks  of  cotton  are 
fteeped  in  it  well  ftretched  on  wooden  frames 
that  keep  the  thread  fufliciently  afunder  to 
allow  the  dye  to  penetrate  thoroughly  and  uni- 
formly. 

This  fteep  lafts  an  hour,  during  which  the 
heat  of  the  bath  is  flowly  increafing,  and  after 
it  begins  to  boil,  the  cotton  is  taken  oft'  the 
frame  and  let  to  lie  loofe  in  the  velfel  for  an 
hour  longer,  the  liquor  being  all  the  while  kept 
-at  a boiling  heat.  After  this,  the  colour  of  the 
bath  being  exhaufted,  the  cotton  is  taken  out 
and  waffled  in  Tunning  water,  ftretched,  and 
■dried.  Laftly  the  cotton,  now  thoroughly  and 
durably  dyed,  is  finithed  by  being  boiled  for 
four  or  five  hours  in  a clofely  covered  vefieiima 
fol-ution  of  wfiite  Marfeilles  foap,  olive  oil,  and 
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.foda  This  finiffiing  brings  out  the  colour,  and 
much  increafes  its  richnefs  and  durability. 

Such  is,  according  to  the  beft  authorities, 
the  curious  and  complicated  procefs  for  dyeing 
rhe  beautiful  Adrianople  red.  On  the  whole  it 
appears  that  the  faving  which  may  be  made  in 
imitating  this  procefs  is  rather  in  the  number 
and  extent  of  the  different  operations,  than  in 
the  adlual  omiffion  of  any  one  part.  The  ani- 
mal matter,  the  oil,  the  foda,  the  galls,  and  the 
alum,  appear  ail  to  have  their  diftindf  ufes,  and 
probably  it  would  be  very  difficult  to  difpenfe 
with  any  of  them  (or  fubftances  fimilar  to  them) 
without  injuring  the  perfection  of  the  dye. 

The  fine  imitation  of  this  colour  made  at 
Montpellier  is  conduced  in  a manner  clofely 
following  the  Turkey  procefs  according  to  the 
teftimony  and  aftual  experience  of  Chaptal. 

The  obfervations  of  this  excellent  practical 
.chemift  give  many  important  rules  with  regard 
to  the  choice  and  ufe  of  the  materials  too  mi- 
nute to  be  fully  detailed  in  this  place.  Inftead 
of  fheep’s  dung  the  gaftric  liquor  contained  in 
the  ftomach  of  ruminating  animals  is  employed, 
in  each  cafe,  mixed  with  the  oil  and  foda  into 
a kind  of  oleo-animal  foap.  The  oil  ffiould  be 
of  that  kind  which  remains  permanently  united 
with  cauftic  alkali  into  a uniform  milky  foap, 
without  fubfiding  or  running  again  into  drops 
in.  any  fenfible  degree.  This  kind  of  oil  is  pro- 
bably that  which  is  the  freeft  from  extradftive 
matter,  and  the  obfervations  of  other  chemifts 
have  found  that  linfeed  oil  which  contains  very 
little  extradl  is  even  better  than  any  kind  of 
olive  oil. 

It  alfo  feems  neceffiary  that  in  the  mixture  of 
oil  and  alkali  the  oil  ffiould  be  in  excels,  or  in 
greater  quantity  than  in  the  proportions  which 
conftitute  common  foap  : for  the  ufe  of  the 
alkali  is  chiefly  to  divide  the  oil  and  enable  it 
to  penetrate  uniformly  into  the  cotton,  but  if 
there  were  no  excels  of  oil  it  is  not  likely  that 
the  alkali  would  abandon  any  of  it  to  the  fibres 
of  the  cotton.  Soda  does  not  appear  to  be  pf- 
fential,  potaffi  being  found  to  anfwer  as  well. 

The  galling  is  one  of  the  nicefl  operations. 
The  cotton  ffiould  be  made  to  take  the  galls 
very  uniformly,  and  ffiould  be  dried  rapidly,  as 
the  action  of  the  air  is  found  fo  far  to  affeCt 
the  foluble  matter  of  the  galls  that,  if  much  ex- 
pofed  to  it,  the  outer  part  of  the  cotton  will  be- 
come dark,  and  the  remainder  grey,  and  the 
fubfequent  colour  will  in  confequence  take  un- 
equally. Sumach  is  ufed  with  the  galls  in 
rather  a larger  proportion.  The  repetition  of 
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the  oiling,  galling,  and  aluming  is  pra&ifed  at 
Montpellier  as  in  Turkey.  In  the  finifhing  part 
two  operations  are  ufed.  The  firft  is,  as  in 
Turkey,  boiling  with  foda  and  foap  in  a very 
high  temperature.  The  boiler  is  clofely  fitted 
with  a ftrong  cover  with  only  a very  fmall  hole 
for  the  exit  of  the  vapour,  and  by  the  heat  of 
the  fire  beneath  the  confined  liquor  is  made  to 
receive  a heat  certainly  above  that  of  common 
boiling,  fimilar  to  what  takes  place  in  a digefter. 
This  brings  out  the  colour  to  a very  beautiful 
red,  but  it  is  further  heightened  by  the  final 
operation  which  was  long  kept  fecret,  and 
which  confifts  in  palling  the  cotton  through  a 
mixed  folution  of  nitro-muriat  of  tin  and  alum, 
at  a blood  heat. 

Linen  thread  is  dyed  of  a fine  red  by  the 
fame  method,  but  a (till  greater  number  of 
fucceffive  operations  are  required,  and  in  par- 
ticular the  alkaline  leys  fhould  be  much 
ftronger. 

Madder  reds  of  extreme  beauty  are  prepared 
by  the  Armenian  dyers  fettled  at  Aftracan. 
The  procefs  as  given  by  Profefior  Pallas'11  is 
more  fimple  than  that  pradfifed  at  Adria- 
nople, but  agrees  with  it  in  the  efiential  par- 
ticulars. The  madder  is  a fine  fort  that  grows 
wild  in  feveral  parts  of  Perfia,  and  is  dried  and 
ground  for  ufe.  The  oil  employed  is  procured 
from  the  entrails  and  refufe  parts  of  the  ftur- 
geon,  beluga,  and  other  fiffi  that  are  fo  abun- 
dant in  the  Volga.  This  fupplies  both  oily 
and  animal  matter.  The  alkali  employed  is  a 
coarfe  native  foda,  prepared  by  burning  various 
fait  plants  in  the  vicinity.  But  the  oil  feems  to 
be  ufed  without  alkali,  the  foda  being  only  em- 
ployed in  the  finifhing.  The  general  procefs 
is  as  follows:  the  cotton  yarn  previoufly  waffied 
and  well  dried  is  laid  in  a tub,  and  covered 
with  the  fiffi  oil,  where  it  remains  for  the  night. 
In  the  morning  it  is  taken  out  and  hung  up  in 
the  air  on  poles.  This  alternate  fteeping  in  oil 
during  the  night  and  airing  during  the  day  is 
continued  for  a week,  after  which  the  yarn  is 
waffied  in  the  river  and  dried.  A ftrong  de- 
coftion  is  then  made  of  pulverized  fumach 
leaves  and  galls,  to  which,  when  ftill  hot,  alum 
is  added.  The  galls  and  alum  are  in  the  pro- 
portion of  5 pound  of  each  to  every  pud  (40  lb.) 
of  cotton.  This  compound  liquor  is  poured 
on  the  cotton,  and  well  worked  in  with  the 
hands,  and  the  yarn  again  dried.  It  is  then  fit 
for  the  maddering,  in  which  ffieeps  blood  is 
here  alfo  ufed  along  with  the  madder.  The 
whole  operation  is  finiffied  by  boiling  the  dyed 
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•eotton  with  a ley  of  impure  foda  in  large  clay 
pans  with  a very  narrow  neck,  and  fet  in  brick 
over  a fire  place.  The  boiling  continues  for 
twenty-four  hours. 

A dye-houfe  for  giving  to  cotton  yarn  a fine 
red  equal  to  the  Turkey  red  was  eftablifhed  at 
Glafgow  by  Mr.  Papillon,  the  fecret  of  which 
was  purchafed  by  the  Commiflioners  for  Manu- 
fa£tures  in  Scotland,  and  has  been  made  public 
not  long  fince.  n It  confifts  of  a very  clofe 
imitation  of  the  Adrianople  procefs,  as  already 
defcribed,  but  with  a confiderable  faving  in  the 
length  and  number  of  applications.  The  par- 
ticulars need  not  be  here  enumerated,  but  it 
may  be  mentioned  generally  that  it  confifts  of 
the  diftin£t  operations  of  boiling  with  foda, 
— fteeping  in  a compound  bath  of  ffieep’s  dung, 
oil,  foda  and  other  ingredients — oiling  without 
the  dung — galling — aluming — dyeing  with  mad- 
der and  blood — fixing  the  colour  with  the  dung 
and  oil  fteeps — and  laftly  brightening  the  dye 
with  a finifh  of  foap-water  and  foda. 

Mr.  Hauffman  in  his  obfervations  upon  Adri- 
anople procefles,  announces  a great  Amplification 
in  the  number  of  procefles  and  an  alteration  in 
the  mordants,  by  which  he  aflerts  that  a red 
may  be  procured  fully  equal  to  that  of  the 
Levant.  ° The  mordant  which  he  propofes  is  a 
compound  folution  of  alumine  and  oil  in  cauftic 
alkali,  and  is  made  in  the  readieft  way  by  adding 
cauftic  alkali  to  a hot  concentrated  folution  of 
alum,  which  firft  precipitates,  then  rediflolves 
the  alumine,  after  which  a fmall  portion  of  lin- 
feed  oil  (and  probably  fifh  oil  would  anfwer  full 
as  well  if  not  better)  is  to  be  put  in,  and  the 
whole  mixed  into  a cream-like  liquor.  Cotton 
fteeped  twice  (or  where  fine  colours  are  wanted, 
thrice)  in  this  alumino-oily  foap  appears  to  be 
then  fit  for  maddering  and  to  retain  the  colour 
in  great  perfection. 

To  give  a full  dead-red  like  that  of  the  India 
handkerchiefs,  Berthollet  directs  that  the  cotton 
Ihould  firft  be  boiled  in  lime-water ; then  fteeped 
in  the  bath  of  foda,  oil,  and  gaftrie  liquor  of 
Iheep  or  other  ruminating  animals ; wafhed ; 
fteeped  in  a mordant  of  acetite  of  alumine  (made 
by  alum  and  fugar  of  lead)  and  laftly  maddered. 
In  this  cafe  the  finiffiing  procefs  is  not  required. 
The  colour  thus  produced  is  a full  red  without 
luftre,  and  the  deadnefs  of  colour  appears  to  be 
owing  to  the  lime-water. 

Cotton  dyed  red  may  be  brought  down 
through  all  the  intermediate  {hades  to  a pale 
orange,  by  fteeping  for  a longer  or  fhorter  time 
in  nitrat  of  tin,  As  a general  rule,  to  give  the 
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brighter  colours  the  cotton  muft  be  but  mo- 
derately oiled  and  galled,  fteeped  for  a length  of 
time  and  often  in  alkaline  leys  of  the  weaker 
fort,  largely  alumed,  dyed  with  the  belt  and 
brighteft  madder,  and  at  the  laft  long  and  plen- 
tifully foaped. 

Such  in  a general  way  are  the  procefles  by 
which  the  red  colour  of  madder  may  be  made 
durable  on  cotton  and  linen.  The  fhades  of 
degraded  red  producible  by  adding  any  iron 
folution  to  the  aluminous  mordant  are  endlels. 
It  may  only  be  added  that  for  the  fake  of 
economy  the  fame  bath  may  often  be  ufed  with 
advantage,  both  for  the  fine  bright  reds  and  for 
the  violets,  wine  colour,  and  other  darker  fhades, 
by  employing  for  the  former  the  madder  bath 
when  firft  warm  and  frefh,  and  for  the  latter 
the  fame  bath  when  fully  boiled,  where  the  dun 
yellow  part  of  the  madder  begins  to  prevail,  and 
in  which  it  can  produce  no  material  injury  to 
the  intended  colour. 

Of  Cochineal  Scarlet  and  Red. 

Whoever  calls  his  eyes  on  a piece  of  broad- 
cloth dyed  in  the  moft  perfe£t  manner  with  the 
fine  or  cochineal  fcarlet,  muft  be  ftruck  with 
its  tranfcendant  beauty  and  luftre,  and  acknow- 
ledge it  to  be  one  of  the  fineft  efforts  of  the  art 
of  dyeing. 

The  fcarlet  dyeing  in  general  makes  a diftin£l 
branch  of  trade,  the  materials  being  of  that 
delicate  kind  as  eafily  to  be  hurt  by  accidental 
admixture  of  other  colours,  and  part  of  the 
apparatus  being  fomewhat  different  from  that 
of  common  dyeing.  The  boiler  in  which  the 
cochineal  bath  is  made  is  generally  of  tin  or 
ftrongly  tinned  copper,  for  as  a folution  of  tin 
is  the  mordant  employed,  no  harm  can  arife 
from  its  being  in  conta£l  with  the  fame  metal, 
but  copper  might  be  fomewhat  a£led  on  in  the 
procefs  and  the  dye  injured.  The  quality  of 
the  water  is  alfo  of  importance  here,  which 
fhould  be  foft  and  pure,  for  hard  water  tends 
to  produce  a rofe  colour,  which  however  is  cor- 
refted  by  boiling  bran  or  ftarch  in  it. 

Cochineal  (the  peculiar  nature  of  which  is 
defcribed  under  that  article)  contains  a vaft 
quantity  of  colouring  matter  in  proportion  to 
its  weight,  and  yields  it  very  readily  to  water 
cold  or  hot.  The  infufion  of  cochineal  is  natu- 
rally of  a fine  crimfon,  and  is  entirely  an  adjec- 
tive colour,  but  with  a mordant  it  fixes  on 
woollen  and  filk  with  great  firmnefs,  but  weakly 
and  with  difficulty  on  linen  and  cotton. 

Alum  appears  to  have  been  the  mordant  firft 
employed  to  fix  the  colour  of  cochineal  on  wool,. 
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It  does  not  fenfibly  alter  the  natural  tint,  as  it 
gives  a deep  and  durable  crimfon.  It  even 
reftores  the  crimfon  to  cloth  dyed  fcarlet  by  the 
compound  tin  mordant. 

The  aftoniihing  effect  of  all  the  folutions  of 
tin  in  heightening  the  colour  of  cochineal,  ap- 
pears to  have  been  firft  difcovered  and  put  in 
practice  by  one  Kufter,  a German,  who  fettled 
at  Bow,  near  London,  about  the  year  I543,p 
whence  fcarlet  was  called  the  Bow  dye  in  this 
country.  It  has  been  generally  fuppofed  that 
the  change  of  the  natural  crimfon  of  this  drug 
to  fcarlet  was  owing  fimply  to  the  effe£t  of  the 
nitro-muriat  of  tin,  which  is  the  common  fo- 
lution  ufed  by  the  dyers,  but  Dr.  Bancroft  has 
fully  proved  (as  indeed  is  acknowledged  by 
Berthollet  in  his  fecond  edition)  that  this  is  a 
miftake,  and  that  the  nitrat  or  muriat  or  nitro- 
muriat  of  tin  ufed  alone  only  heightens  the 
colour  of  cochineal,  but  does  not  materially 
change  its  natural  crimfon  ; but  that  it  is  the 
addition  of  tartar  to  the  tin  folution  which  con- 
verts the  crimfon  to  that  fiery  bright  fcarlet 
for  which  this  dye  is  fo  preeminently  valuable. 
Now  as  fcarlet  is  a colour  compofed  of  crimfon 
«nd  yellow,  and  as  tartar  changes  the  cochineal 
crimfon  to  yellow,  it  may  be  inferred  that  the 
fimple  effe<ft  of  the  tartrite  of  tin  (which  fait  is 
formed  by  double  decompofition  when  the  nitro- 
muriat  of  tin  and  tartar  are  mixed)  is  that  of 
adding  a yellow.  This  pofition  Dr.  Bancroft 
found  by  experiment  to  be  accurate;  for  when 
cloth  was  dyed  with  cochineal,  and  the  tartrite 
of  tin  fingly  made  by  diiTolving  this  metal  in 
the  tartareous  acid,  the  dye  was  a full  fcarlet. 
An  equal  effe£t  was  produced  by  fubftituting 
lemon  juice  or  elfe  the  pure  citric  acid  to  the 
tartareous.  Berthollet  alfo  found  that  on  dyeing 
three  famples  of  cloth,  the  firft  with  nitro- 
muriat  of  tin,  tartar  and  cochineal  in  the  pro- 
portions commonly  ufed  ; the  fecond  with  the 
fame  ingredients  hut  with  a double  proportion 
of  tartar;  and  the  third  omitting  the  tartar, 
that  the  firft  farnple  was  of  a fail  fcarlet,  the 
fecond  a fcarlet  more  inclining  to  yellow,  and 
the  third  a crimfon. 

The  folution  of  tin  ufually  employed  by  the 
dyers  is  prepared  in  the  following  way.  Dilute 
nitric  acid  of  the  kind  called  Jingle  aquafortis  is 
the  acid  ufed,  and  may  be  made  by  proper  ma- 
nagement to  take  up  about  one-eighth  of  its 
weight  of  tin.  A frnall  quantity  of  tin  (pre- 
vioufly  granulated  by  being  poured  when  melted 
into  cold  water,  kept  brilkly  agitated  with  a 
bundle  of  rods)  is  put  into  a glafs  veflel,  to 
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which  is  added  the  aquafortis  mixed  with  from 
TV  to  i °f  hs  weight  of  common  fait  or  fal 
ammoniac,  and  ftill  further  diluted  with  water. 
A ftrong  adtion  begins  almoft  immediately, 
without  artificial  heat,  and  it  is  the  bufinefs  of 
the  preparer  to  keep  this  adfion  as  moderate  as 
poflible,  by  fetting  tire  veflel  in  a cool  place  and 
adding  only  frnall  quantities  of  tin  at  a time,  in 
proportion  as  the  laft  added  quantity  is  diflblved. 
By  this  method  the  acid  becomes  fully  faturated 
with  oxyd  of  tin,  whereas  if  the  heat  generated 
in  the  procefs  is  not  checked,  or  if  the  acid  is 
too  ftrong,  the  greater  part  of  the  tin  will 
remain  undiflolved  in  the  form  of  a white 
oxyd.  Even  when  well  made,  the  folution  (or 
fpirit  as  the  dyers  call  it)  is  apt  to  coagulate  by 
mere  keeping  and  to  depofit  the  oxyd  of  tin, 
which  it  cannot  again  be  made  to  take  up.  The 
ufe  of  the  muriat  of  foda  or  ammonia  is  to 
prevent  the  fpontaneous  feparation  of  the  tin. 
The  muriatic  acid  fingly  is  a much  better  folvent 
for  tin,  taking  up  a large  quantity  and  retaining 
it  for  any  length  of  time,  but  the  fimple  muriat 
of  tin,  and  indeed  of  many  other  metals,  is 
found  to  have  a very  corrofive  effefl  on  the 
fibres  of  wool,  and  even  (in  a lefs  degree)  on 
thofe  of  linen  and  cotton. 

To  preferve  the  muriatic  acid  in  the  folution, 
and  at  the  fame  time  to  combine  it  with  fome 
other  acid  which  has  not  fuch  a corrofive  effect 
on  cloth,  Dr.  Bancroft  recommends  the  murio- 
fuiphuric  folution  of  tin,  as  equal  in  efficacy  to 
the  nitro-muriatic  and  much  cheaper.  For  this 
purpofe  14  ounces  of  granulated  tin  are  to  be 
added  to  a mixture  of  two  pounds  of  fulphuric 
acid  of  ordinary  ftrength,  with  three  pounds  of 
muriatic  acid.  No  particular  precautions  are 
required  in  making  the  folution,  which  will  be 
equally  permanent  with  or  without  artificial 
heat. 

As  the  ftate  of  oxygenation  of  all  metallic  fo- 
lutions, and  particularly  of  thofe  of  tin,  very  ma- 
terially affedls  all  their  chemical  properties,  a 
few  obfervaticns  on  this  fubjedl  may  be  men- 
tioned after  defcribing  the  procefs  of  fcarlet 
dyeing. 

Woollen  cloth  is  generally  dyed  fcarlet  in 
two  operations,  though  a fingle  one  will  fuffice, 
but  in  general  is  lels  convenient.  To  dye  a 
hundred  pounds  of  wool,  8 or  10  pounds  of 
tartar  are  firft  put  into  the  boiler  with  a fuf- 
ficient  quantity  of  foft  water,  and  6 or  8 ounces 
of  cochineal.  Immediately  afterwards  10  or 
12  pounds  of  the  nitro-muriat  of  tin  are  added, 
and  when  the  mixture  is  ready  to  boil,  the  cloth 
rroft. 
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(previoufly  wetted)  is  put  into  the  dyeing  liquor 
and  turned  through  it  by  a winch  for  an  hour 
and  a half,  the  liquor  being  kept  boiling  the 
whole  time.  The  cloth  is  then  taken  out  and 
rinced,  and  is  found  to  have  acquired  by  this 
firft  operation  a full  flefh  colour.  The  boiler 
is  emptied,  and  again  filled  with  frefh  water, 
and  when  nearly  boiling,  from  five  to  fix  pounds 
of  powdered  cochineal  (according  to  the  depth 
of  colour  wanted)  are  thrown  in  and  well 
ftirred,  after  which  about  io  pounds  more  of 
the  folution  of  tin  are  added,  and  the  cloth  is 
then  put  in  and  turned  through  the  boiling 
liquor  at  firft  brifkly,  afterwards  flowly,  for  half 
an  hour.  It  is  then  wafhed  and  dried  in  the 
ufual  manner.  The  average  proportion  of  co- 
chineal to  dye  a full  fcarlet  is  an  ounce  to  a 
pound  of  the  cloth,  and  hence  from  the  high 
price  of  this  article  the  cochineal  dye  is  one  of 
the  moft  (if  not  the  moft)  expenfive  of  all  the 
procefles  in  the  whole  art  of  dyeing. 

This  dye  may  be  given  apparently  with  equal 
efFe£k  by  a fingle  procefs,  that  is,  by  mixing 
together  the  whole  quantity  of  tartar,  folution 
of  tin,  and  cochineal  at  once,  and  pafling  the 
cloth  through  the  bath  for  a fufficient  time;  for 
the  affinity  between  the  wool,  and  the  mordant, 
and  the  colouring  matter  is  fo  ftrong,  that  this 
triple  union  takes  place  at  once,  and  with  great 
force.  Or  the  whole  of  the  tin  and  tartar  may 
be  ufed  in  the  firft  operation,  and  the  whole  of 
the  cochineal  in  the  fecond. 

It  may  alfo  be  oblerved  that  a great  dif- 
ference is  found  in  the  refpeffive  proportions 
of  thefe  ingredients,  ufed  by  different  dyers. 

When  a very  bright  flame-coloured  fcarlet 
is  wanted,  a little  yellow  fuftic  is  added  to  the 
firft  . bath,  jor  elfe  fome  turmeric  is  added  to  the 
cochineal  in  the  fecond.  This  gives  both  a 
yellow  ground  and  mixes  a portion  of  yellow 
with  the  fcarlet.  Thefe  additions  are  difcovered 
by  cutting  the  cloth,  for  in  this  cafe  the  inner 
part  will  be  found  dyed  fimply  yellow,  the  rea- 
fon  of  which  is,  that  in  the  common  procefs 
the  cochineal  does  not  penetrate  the  inner  part 
of  the  cloth,  fo  that  where  thefe  yellows  are  not 
.ufed,  this  part  remains  white.  If  the  fcarlet 
has  too  much  of  an  orange  tint,  this  is  cor- 
re£fcd  by  afterwards  boiling  the  cloth  in  hard 
wator,  or  one  that  contains  any  earthy  fait. 

It  is  on  account  of  the  eafe  with  which  al- 
moft  any  alkaline  or  earthy  fait  counteracts  the 
yellow  part  of  all  thefe  colours,  that  fcarlet 
cloth  is  always  changed  more  or  lefs  to  a rofe  or 
crimfon  by  the  procefs  of  fulling.  Hence  too 
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the  fcarlet  is  always  given  to  wool  after  it  is 
manufactured,  and  not  in  the  ftate  of  yarn. 

After  the  full  fcarlet  has  been  given  to  the 
cloth,  the  liquor  ftill  retains  part  of  the  co- 
chineal with  a large  portion  of  the  mordant,  and 
this  is  ufed  for  the  lighter  dyes,  or  with  the  ad- 
dition of  fuftic,  madder,  and  other  ingredients, 
it  is  employed  for  a vaft  variety  of  mixed  or  de- 
graded reds,  orange,  &c.  Much  technical  fkill 
feems  to  be  required  to  make  the  utmoft  advan- 
tage of  thefe  refidues,  which  are  ftill  very  va- 
luable. 

It  does  not  exa&ly  appear  in  what  ftate  of 
oxygenation  the  common  dyer’s  folution  ex  ills, 
but  probably  before  the  colour  is  completely 
brought  out,  the  metal  is  oxygenated  in  the 
higheft  degree.  The  nitric  acid  indeed  when 
ufed  alone,  if  weak  and  if  the  folution  be  made 
very  flowly,  and  without  heat,  is  found  by 
Prouft  to  contain  the  fub-oxyd  of  tin,  or  this 
metal  in  a very  low  ftate  of  oxygenation  ; for 
it  is  only  in  this  ftate  that  it  remains  foluble, 
and  when  more  highly  oxygenated  it  totally 
feparates  from  the  acid  in  the  form  of  a white 
perfect  oxyd. 

But  the  muriat  of  tin  on  the  other  hand  may 
contain  either  the  perfe£t  oxyd  or  the  fub-oxyd, 
the  latter  is  the  cafe  when  the  folution  is  re- 
cently made,  and  has  not  been  expofed  to  the 
air,  from  which  it  greedily  attracts  oxygen,  but 
in  this  cafe  without  feparating  from  its  acid 
folvent. 

The  muriat  of  tin,  loaded  with  metal  by  be- 
ing boiled  on  more  than  it  can  take  up,  if  cooled 
to  the  freezing  point  gives  abundance  of  cryftals, 
which  however  again  liquefy  at  a fummer  heat, 
and  hence  muft  be  kept  in  a cool  place.  Mr. 
Hauffman  q diffolved  one  ounce  of  this  fait  re- 
cently made  in  3 pints  of  water,  to  which  he 
added  with  conftant  ftirring  an  infufion  of  2 
ounces  of  cochineal  in  8 pints  of  water.  A very 
deep  violet  coloured  precipitate  fubfidcd,  (a  mix- 
ture of  the  fub-oxyd  of  tin  with  the  colouring 
matter  of  the  cochineal)  which  however  by  ex- 
pofure  to  air  gradually  turned  to  a fine  car- 
mine: but  kept  clofe  in  a bottle  no  fuch  change 
of  colour  took  place.  If  the  folution  of  tin  is  ex- 
pofed to  air  before  mixture  with  the  cochineal,  the 
precipitate  becomes  carmine  much  more  fpeedi- 
ly,  as  it  already  contains  nearly  oxygen  fuffici- 
ent for  this  purpofe.  The  carmine-coloured 
oxyd  turns  fomewhat  crimfon  by  the  addition 
of  ammonia,  but  returns  to  carmine  when  this 
alkali  is  again  evaporated. 

If  a carbonated  alkali  is  added  to  the  muri- 
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-«ted  fub-oxyd  of  tin,  a carbonated  fub-oxyd  is 
feparated,  which  is  very  greedy  of  oxygen,  but 
if  added  immediately  to  dilute  nitrous,  or  dilute 
fulphuric,  or  acetic  acid,  dilTolves  therein  with 
eafe  and  produces  a nitrated,  fulphated,  or  ace- 
tited  fub-oxyd  of  tin.  The  nitrated  fub-oxyd 
however  {hews  different  properties  from  the 
common  dyers  folution,  producing  only  a violet 
or  dull  crimfon  with  cochineal,  which  after- 
wards heightens  in  colour  by  expofure  to  air. 

An  acetited  fub-oxyd  of  tin  is  alfo  formed, 
■s  Mr.  Kauffman  has  alfo  obferved,  by  adding 
equal  parts  of  cryftallized  muriat  of  tin  and 
acetited  lead  with  fufficient  water,  and  decanting 
the  clear  liquor  from  the  muriat  of  lead  formed 
by  double  affinity.  This  liquor  to  retain  its 
ftate  of  fub-oxygenation  fliould  be  kept  in  a 
clofe  - flopped  veffel,  and  when  mixed  with 
Cochineal  gives  alfo  a deep  violet  precipitate, 
which  requires  an  expofure  of  fome  weeks  be- 
fore it  entirely  changes  to  red  or  carmine. 

Mr.  Hauffman  propofes  the  acetite  of  tin  as 
a mordant  in  topical  dyeing,  either  to  calico  or 
any  other  fubftance,  and  with  any  fuitable  dye- 
ing drug.  As  the  acetites  are  much  better 
mordants  for  printing  than  the  falts  with  the 
three  mineral  acids,  the  acetite  of  tin  may  per- 
haps be  of  ufe  in  this  fpecies  of  dyeing,  but 
when  prepared  with  acetited  lead  there  is  always 
a danger  of  fome  lead  being  mixed  with  the 
folution  of  tin,  which  may  materially  and  un- 
expectedly alter  and  degrade  the  colours. 

Crimfon  is  given  to  cloth  in  two  ways,  either 
diredlly,  or  by  changing  the  fcarlet  dyed  in  the 
manner  already  defcribed.  All  earthy  falts  and 
efpecially  alum,  will  change  the  cochineal  fcar- 
let into  crimfon,  when  boiled  with  it  for  an 
hour  or  more.  Very  hard  water  will  produce 
the  fame  effect  without  any  addition.  Hellot 
found  that  muriat  of  ammonia  with  a little  pot- 
afh  gives  almofl  immediately  a beautiful  rofe 
colour  to  fcarlet. 

To  dye  cloth  directly  of  a full  crimfon  the 
fame  materials  are  ufed  as  for  fcarlet,  but  lefs 
of  the  tin  folution  is  employed,  and  alum  is 
added  to  the  bath.  They  are  fometimes  finifhed 
with  litmus  and  potaffi,  which  add  much  to 
the  luftre  and  depth  of  colour,  but  this  finifh 
is  only  fuperficial  and  extremely  fugitive. 

Silk  is  dyed  crimfon  in  the  following  way. 

It  is  ffrft  prepared  by  boiling  with  foap  as  ufual, 
but  not  fo  compleatly,  as  it  is  rather  of  fervice 
to  leave  a {hade  of  the  natural  yellow,  which  it 
is  the  obje£l  of  the  foaping  to  deflroy.  It  is 
then  alurned  very  ftrongly  and  for  a confiderable 
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time.  The  dyeing  bath  is  made  with  the  ufual 
materials  for  fcarlet,  that  is,  folution  of  tin, 
tartar,  and  cochineal,  but  it  is  alfo  found  ex- 
pedient ffrft  to  add  fome  galls  to  give  a balls  to 
the  filk  to  receive  the  cochineal  dye.  The  par- 
ticular management  in  the  cochineal  bath  need 
not  be  defcribed. 

The  crimfon  is  often  flightly  browned  by 
palling  the  dyed  filk  through  a weak  bath  of 
fulphat  of  iron.  If  an  approach  to  flame  colour 
is  wanted,  the  filk  is  finifhed  with  fuftic. 

It  is  impoffible  to  dye  filk  fcarlet  by  the  fame 
method  as  that  employed  for  woollen  cloth,  for 
inftead  of  this  fine  colour,  the  filk  treated  in  this 
way  would  lofe  its  luftre  and  only  take  a very 
faint  dye.  It  appears  ftill  to  be  a point  hardly 
attained,  though  very  definable,  to  give  to  filk 
a full  durable  fcarlet  equal  to  that  on  woollen. 

Cochineal  is  very  feldom  ufed  to  cotton  or 
linen,  as  no  method  is  yet  known  (except  as  a 
lucrative  fecret  to  one  or  two  individuals)  of 
giving  a good  cochineal  fcarlet  to  thefe  fub- 
ftances;  and  in  general  the  effe£l  of  this  dye 
on  linen  and  cotton  is  not  fo  much  fuperior  to 
the  cheaper  madder  and  other  colours  as  to  be 
at  all  adequate  to  the  coll  of  cochineal. 

Of  Reds  from  Kermes , Coccus  Polonicus , and 
Gum-Lac. 

Thefe  three  fubftances  all  give  different  fhades 
of  red,  of  at  lead  as  much  durability  as  thofe  of 
cochineal,  but  much  lefs  brilliance,  and  they 
are  fo  totally  difufed  in  this  country,  and  nearly 
fo  in  other  parts  of  Europe,  that  a very  fhort 
notice  will  fuffice. 

The  Kermes  ( Coccus  llicis ) is  a fmall  infe£l 
found  in  many  parts  of  Alia  and  fouthern  Eu- 
rope. ( See  the  article  Kermes.) 

It  gives  a high  red  both  to  water  and  alcohol.. 

Wool  intended  to  be  dyed  with  it  is  firft 
boiled  in  bran  water,  then  alurned  with  alum 
and  tartar,  to  which  four  ftarch  liquor  is  often 
added.  In  the  dyeing  procefs  nearly  equal  parts 
of  kermes  with  the  cloth  are  required,  whereas 
cochineal  need  not  be  more  than  about  TV  ©f 
the  wool.  The  dyed  cloth  may  be  finifhed  with 
foap  water,  which  gives  a crimfon  call. 

The  dye  of  kermes  is  fo  durable  that  tapeftry 
2oo  years  old  was  obferved  by  Hellot r to  have 
loft  nothing  of  its  depth  of  colour,  during  fo 
long  an  expofure  to  fun  and  air.  The  kermes 
fcarlet  was  anciently  called  in  France  Ecarlate  de 
Graine[ox  fometimes  Venice  Scarlet.)  It  may  be 
prepared  in  the  fame  way,  generally,  as  the  co- 
chineal fcarlet. 

The  kermes  red  is  much  lefs  lively  than  that 

l’Acad, 


DYE 


DYE 


( 385  ) 


of  cochineal,  and  tends  more  to  the  colour  of 
blood.  It  has  the  great  advantage  however  of 
refilling  foap  and  other  fubftances  very  well, 
fo  that  greafe  fpots  may  be  got  out  of  kerrnes- 
dyed  cloth  without  any  detriment.  On  the 
whole  it  feems  very  worthy  to  be  retained.  Silk 
has  never  yet  been  made  to  take  more  from  it 
than  a rufty  red. 

The  Coccus  Polonicus  is  a fmall  round  infect, 
found  adhering  to  the  roots  of  a fpecies  of  the 
polygonum.  It  is  not  known  to  be  employed  in 
the  dye-houfes  in  Europe,  but  is  ufed  in  Poland 
and  countries  where  it  is  indigenous,  and  alfo 
in  Turkey. 

Luc  or  Gum  Lac  (which  fee)  is  a gummy- 
refinous  fubftance  fomewhat  refembling  bees- 
wax, occafionally  ufed  in  dyeing,  though  rarely, 
if  ever,  in  this  country.  A part  only  of  the 
colouring  matter  is  foluble  in  water,  and  it  gives 
a dull  red  but  very  durable  dye,  which  has  been 
ufed  with  advantage  mixed  with  cochineal. 

Of  Reds  and  Violets  from  other  fubjlances. 

Many  of  the  lichens  are  capable  of  giving 
different  lhades  of  purple,  red,  violet  and  the 
like,  and  thefe  colours  are  fo  far  fubftantive  that 
no  mordant  will  fenfibly  encreafe  their  dura- 
bility, but  they  are  all  more  or  lefs  fugitive,  and 
can  only  be  ufed  with  propriety  to  give  a glofs 
or  finilh  to  articles  already  dyed.  The  fub- 
ftance called  turnfole,  archil , or  litmus,  is  the  beft 
known  of  all  the  lichens,  and  is  ufed  pretty 
largely  efpecially  in  filk-dyeing.  (See  the  articles 
Lichen  and  Litmus .) 

Carthamus  or  Safflower  is  another  beautiful 
and  delicate  red,  verging  towards  orange,  fome- 
times  ufed  in  dying,  but  is  fugitive.  It  is  the 
colouring  material  of  the  rouge  ufed  as  a cof- 
metic. 

Brazil  Wood  or  Fernambouc  is  an  article  of 
much  more  importance  than  any  of  the  pre- 
ceding, and  is  employed  very  largely  in  dyeing. 
The  natural  colour  of  this  wood  is  a purple-red, 
and  by  different  mordants  it  may  be  made  to 
aflume  moft  of  the  lhades  of  colour  conneiled 
with  red. 

The  great  inconvenience  attending  the  ufe  of 
Brazil  wood  is  its  fugitive  nature,  and  no 
method  feems  yet  to  be  found  which  will  pre- 
vent its  lofs  of  colour  by  confiderable  expofure 
to  air,  and  its  degradation  by  foap  and  alkalies. 
Hence  the  Brazil  wood  colours  are  fometimes 
called  falfe  dyes,  being  much  inferior  in  dura- 
bility to  the  true  dyes  given  by  cochineal  or 
madder.  The  colour  of  Brazil  wood  requires  a 
mordant,  which  is  ufually  alum  with  a fmall 
quantity  of  tartar.  This  both  gives  a certain 
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durability  to  the  dye  and  turns  the  natural  pur- 
ple to  a clear  red.  Too  much  tartar  gives  a 
yellow  tinge.  It  requires  long  boiling  to  exhauft 
this  wood  of  its  colouring  matter.  Nitro-muriat 
of  tin  is  alfo  an  ufeful  mordant,  and  gives  much 
brilliance  to  the  colour. 

Silk  is  dyed  crimfon  with  this  wood,  and  the 
colour  is  nearly  as  beautiful  as  the  cochineal 
crimfon,  though  much  lefs  durable.  The  filk 
is  firft  prepared  with  white  foap,  then  alumed, 
and  then  palled  through  a ftrong  decoilion  of 
the  wood.  When  the  lhade  is  too  red  it  is 
brought  to  a crimfon  by  finifhing  with  a weak 
alkaline  bath.  When  a very  deep  crimfon  is 
wanted,  logwood  decoilion  is  mixed  with  that 
of  the  Brazil  wood.  Silk  will  not  admit  of  the 
tin  mordant  with  this  wood  any  more  than  with 
cochineal ; owing,  as  appears,  to  the  too  rapid 
precipitation  of  the  colouring  particles  before 
they  can  properly  fix  themfelves  to  the  fibres  of 
the  filk. 

Cotton  takes  the  Brazil  wood  colour  with 
difficulty,  and  this  is  always  liable  to  be  changed 
by  foap. 

The  moft  permanent  Brazil  wood  colours 
are  thofe  in  which  the  natural  purple-red  is 
changed  to  orange  or  yellow  by  acids,  but  it  is 
chiefly  for  the  red,  crimfon,  and  purple  hues 
that  this  dye  would  be  the  moft  valuable,  if 
any  means  could  be  found  to  render  them  per- 
manent. 

Logwood  or  Campeachy  Wood  is,  like  the  for- 
mer, a very  hard  heavy  wood  of  a deep  red  or 
orange  red  colour,  and  largely  employed  in 
dyeing.  The  chemical  properties  of  logwood 
will  be  defcribed  under  that  article. 

The  colour  of  logwood  is  extracted  by  boil- 
ing with  water,  and  it  then  forms  a deep  violet 
red  or  purple  decoilion,  like  Brazil  wood  made 
yellow  by  acids  and  deepened  by  alkalies.  The 
colour  of  logwood  is  more  violet  than  Brazil 
wood,  and  it  alfo  contains  much  more  gallic 
acid,  and  hence  its  ufe  with  iron  liquor  in  all 
black  dyes,  as  has  already  been  mentioned.  The 
red  or  purple  of  logwood  is  not  permanent,  but 
with  alum  and  tartar  it  gives  a fine  deep  violet, 
and  is  often  ufed  for  this  purpofe.  A fine  blue 
is  alfo  given  by  diffolving  verdigris  in  the  de- 
coil ion  of  this  wood. 

Silk  is  dyed  violet  by  logwood  on  an  alum 
mordant. 

Of  Fawn , Buff,  or  Nankeen  Colour. 

Almoft  all  vegetables  contain  in  the  bark  or 
cortical  part  a colouring  matter  of  a (hade  ap- 
proaching either  to  brown  or  yellow  with  more 
or  lefs  of  red,  which  has  a certain  and  often  a 
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very  ftrong  affinity  with  the  fibres  of  wool, 
linen  and  cotton,  and  may  even  frequently  be 
fixed  permanently  in  thefe  fubftances  without 
any  mordant.  A great  portion  of  this  colouring 
matter  is  pure  tannin,  the  colour  of  which  is 
naturally  of  a light  dun  yellow.  It  is  alfo  often 
mixed  with  gallic  acid,  and  hence  thefe  fub- 
ftances may  be  made  to  produce  an  infinite 
variety  of  fhades  compofed  of  brown-yellow 
and  black  in  different  proportions  by  the  ufe  of 
an  iron  mordant.  Of  thefe  the  commoneft  are 
walnut  hufks  and  fumach. 

The  outer  bitter  hufk  of  the  Walnut  is  well 
known  to  be  green  at  firft,  but  by  expofure  to 
air  it  turns  of  a deep  brownifh-black,  fo  as  to 
give  the  fingers  a very  durable  brown  ftain. 
The  decoCtion  of  this  fubftance  flowly  evapo- 
rated forms  fucceffively  a number  of  pellicles  at 
the  furface,  which  when  well  wafned  are  nearly 
black,  and  in  which  nearly  the  fame  change 
feems  to  have  taken  place  fpeedily  as  occurs  by 
long  expofure  in  a moderate  temperature.  Al- 
kalies do  not  fenfibly  alter  the  colour  of  the 
decoCtion,  but  acids  brighten  it  and  give  a de- 
cided yellow  call.  Alum  gives  a very  fmall 
fawn  coloured  precipitate  ; fulphat  of  iron  turns 
it  black,  and  even  oxyd  of  iron  boiled  in  the 
decoCtion  is  diffolved  therein  and  forms  a dark 
ink. 

The  root  and  bark  of  the  walnut-tree  gives  a 
decoCtion  much  refembling  the  fruit-hufk. 

The  colouring  part  of  this  fubftance  has  a 
ftrong  affinity  to  wool,  uniting  with  it  nearly  as 
ftrongly  without  as  with  mordants,  and  giving 
it  a very  fall  buff  or  fawn  colour ; but  alum 
encreafes  the  denfity  of  the  dye  and  makes  it 
fomewhat  lighter  in  colour. 

Walnut-hulk  forms  an  excellent  dye  for  wool 
both  by  itfelf  and  as  a bafis  for  other  colours. 
The  hufks  will  keep  for  more  than  a year  in 
tubs  covered  with  water. 

Sumach  is  a very  extenfively  ufeful  article  of 
dyeing  both  for  all  the  fawn  and  buff  colours, 
and  with  an  iron  mordant  for  various  fhades  of 
grey  to  black.  It  requires  a mordant  to  fix  it 
on  fluffs,  but  then  is  very  durable.  With  alum 
it  gives  a greenifh  yellow,  with  a mixture  of 
acetite  of  alumine  and  iron  liquors  it  gives  a 
grey,  and  with  iron  liquor  alone,  a black. 

A good,  bright,  and  durable  nankeen  colour 
is  given  to  cotton  by  iron  liquor,  the  cotton 
being  previoufly  prepared  with  dung  and  alkali, 
nearly  as  in  the  firft  part  of  the  Turkey  red 
procefs.  This  method  of  nankeen  dyeing,  as 
given  by  Mr.  Brewer, s cOnfifts  of  eight  opera- 


tions, the  firft,  fecond  and  third  of  which  are 
to  give  the  cotton  yarn  a preparation  in  a bath 
of  fhcep’s  dung  and  foap;  the  fourth  a bath  of 
pearlafh  •,  the  fifth  is  the  dyeing  with  iron 
liquor ; the  fixth  a pearl-afh  bath ; the  feventh 
a louring  with  dilute  fulphuric  acid,  and  the 
eighth,  a finifti  with  foap.  The  iron  liquor  is 
chiefly  the  aceto-tartrite,  or  that  which  the 
calico-printers  moftly  prepare  by  diffolving  iron 
in  an  acid  made  of  any  fermented  materials,  or 
of  pyroligneous  acid,  or  alder  bark  and  buds, 
or  many  other  vegetable  matters  that  either 
contain  a naked  vegetable  acid,  or  are  able  to 
produce  one  by  fermentation.  The  cotton  is 
firft  foaked  in  this  acid  iron-liquor,  after  which 
it  is  fuperfaturated  with  pearlafh,  fo  that  pro- 
bably a folution  of  oxyd  of  iron  in  carbonated 
alkali  is  formed,  which  finifhcs  the  dye  and 
gives  it  durability.  The  ufe  of  the  fulphuric 
acid  is  to  diffolve  out  all  the  iron  that  only 
loofely  adheres  to  the  fluff,  which  being  chiefly 
the  red  oxyd,  the  colour  becomes  clearer  and 
brighter  by  the  lofs. 

Of  Green. 

Though  nature  abounds  with  this  colour,  it 
is  rather  Angular  that  no  vegetable  has  yet  been 
difcovered  capable  of  giving  to  cloth  of  any 
kind  a green  of  any  tolerable  permanence.  This 
dye  is  therefore  always  a compound  colour 
formed  in  dye-vats  either  by  putting  a yellow  on 
a blue  ground  (which  is  the  commoneft)  or  a 
blue  on  the  yellow  ground,  or  by  firft  mixing 
the  blue  and  yellow  materials  and  dyeing  with 
thefe  as  with  a Ample  colour. 

Much  nicety  in  the  practical  part  of  dyeing 
is  fhewn  in  the  proper  raifing  and  fixing  of  this 
colour,  and  many  proceffes  of  particular  excel- 
lence are  carefully  confined  within  the  walls  of 
different  manufactories.  The  general  methods 
however  are  Ample  and  well  known. 

The  common  and  moft  permanent  green  on 
woollen  cloth  is  given  in  the  following  way. 
The  cloth  previoufly  dyed  blue  in  the  indigo 
vat  (with  more  or  lei's  body  of  colour  according 
to  the  body  of  green  required)  is  firft  well 
fcoured,  then  dyed  in  a bath  of  weld  or  any 
other  yellow  dye  with  alum  and  tartar,  almoft 
exaCtly  in  the  way  followed  for  the  fimple  yel- 
lows, but  with  a greater  quantity  of  the  yellow 
materials  than  would  be  required  for  the  yellow 
alone  of  equal  body.  Very  deep  greens  have 
fometimes  a flight  brown  or  kind  of  burnifh 
given  to  them  by  adding  to  the  bath  fmall  quan- 
tities of  logwood  and  fulphat  of  iron.  For  filk 
the  procefs  is  reverfed,  being  firft  ftrongly 
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alumed,  then  dyed  yellow  with  weld,  and  after- 
wards finilhed  in  the  indigo  vat.  It  is  much 
more  difficult  to  fix  the  colour  evenly  on  filk 
than  on  wool,  for  the  filk  when  ftrongly  alumed 
takes  the  dye  fo  rapidly  that  it  is  apt,  without 
great  care,  to  become  wavy  or  fpottcd. 

Another  kind  of  green  dye,  more  bright  and 
beautiful  than  the  laft  but  not  quite  fo  perma- 
nent, is  the  Saxon  Green , fo  called  from  the  blue 
part  being  given  by  the  Saxon  blue  or  fulphat 
of  indigo.  This  colour  may  be  dyed  by  firft 
giving  a ground  of  Saxon  blue,  then  aluming, 
and  then  palling  the  cloth  through  a yellow 
bath.  Fuftic  is  commonly  preferred  as  the  yel- 
low material,  as  being  lefs  altered  by  the  ad- 
hering acid  of  the  fulphat  of  indigo  than  weld 
or  the  other  yellows.  To  correct  this  effect 
of  the  acid  and  enable  quercitron  to  equal  the 
fuftic  in  this  refpedl  (whilft  its  natural  colour 
much  excels  it)  Dr.  Bancroft  advifes  after  the 
cloth  has  received  the  blue  to  mix  chalk  with 
the  alum  mordant  to  neutralize  the  adhering 
acid,  before  the  yellow  is  given. 

The  Saxon  green  may  alfo  be  given  in  a fingle 
bath  : for  which  purpofe  the  cloth  is  firft  alumed 
and  well  rinced ; then  a ftrong  deco&ion  of 
fuftic  is  made,  to  which  when  cooled  to  a 
blood  heat  is  added  the  fulphat  of  indigo,  and 
the  cloth  dyed  therein  with  the  ufual  precau- 
tions. Beautiful  Saxon  greens  may  be  dyed  in 
a ftill  more  expeditious  way,  according  to  Dr. 
Bancroft,  by  ufing  the  compound  alum  and  tin 
mordant.  The  procefs  he  advifes  is  the  follow- 
ing. Put  into  the  boiler  6 or  8 lbs.  of  quer- 
citron bark  to  every  ioolbs.  of  cloth,  boil  with 
fufficient  water,  then  add  6 lbs.  of  the  rnurio- 
fulphat  of  tin  (in  preference  to  the  nitro-muriat) 
and  4 lb.  of  alum  : when  thefe  have  boiled  five 
or  fix  minutes,  lower  the  heat  with  cold  water 
to  blood  warm,  after  which  add  as  much  fulphat 
of  indigo  as  may  be  thought  neceffary  for  the 
intended  depth  of  colour,  and  then  dye  the  cloth 
in  this  bath  with  proper  care. 

Silk,  cotton,  and  linen  are  dyed  green  in  the 
fame  general  way,  but  with  confiderable  vari- 
ation in  the  detail  of  the  different  procefl'es,  and 
the  fame  difficulties  that  attend  the  fixing  a 
fingle  colour  on  thefe  fubftances  apply  to  the 
compound  colour. 

The  moft  beautiful  green  hitherto  known, 
and  one  that  refills  the  action  of  light  and  air 
perfectly  well,  is  given  by  the  combination  of 
Pruffian  blue  and  yellow,  but  like  the  fimple 
blue  from  this  colouring  matter  it  is  deftroyed 
by  foap  and  alkalies.  It  is  given  to  cotton  by 
iirft  dyeing  it  olive  with  weld,  or  any  other 


yellow  dye,  and  a compound  mordant  of  alum 
and  iron,  and  then  raffing  the  green  by  pruffiat 
of  potalh  in  the  manner  deferibed  under  the 
Pruffian  blue  colours.  In  th:s  procefs,  as 
Berthollet  obferves,  there  feems  to  be  a mutual 
diftribution  of  the  mordants  and  colours,  the 
Pruffian  colour  taking  the  iron  and  becoming 
blue,  whilft  the  alum  and  weld  remaining  in 
the  olive,  form  a fall  yellow  and  unite  with  the 
blue  into  a fine  green. 

The  only  fimple  green  commonly  ufed  is  that 
of  the  carbonated  oxyd  of  copper  precipitated 
from  verdigris  by  an  alkali.  A folution  of  ver- 
digris is  made  in  vinegar,  and  a few  hours 
before  dyeing  a folution  of  as  much  pearlafh  as 
verdigris  is  added  to  it,  the  mixture  is  heated, 
and  the  cotton  previoufly  alumed  is  paffed 
through  this  bath.  The  colour  thus  given  is  a 
foft  apple-green. 

Of  other  Compound  Colours . 

By  the  mixture  of  red  and  blue  in  different 
proportions,  violets,  purples,  lilacs,  and  vaft 
number  of  other  agreeable  dyes  are  formed,  but 
of  which  it  would  be  tedious  to  attempt  an  im- 
perfedl  detail.  In  like  manner  the  coquelicots, 
brick-colours,  chefnuts,  cinnamons,  &c.  are 
formed  from  the  intermixture  of  red  and  yellow. 
It  may  be  added  that  in  cotton  dyeing,  advan- 
tage has  been  taken  by  Chaptal  of  the  diffi- 
culty with  which  cotton  ftrongly  alumed  and 
oiled  (as  for  the  Turkey  red)  imbibes  watery 
liquids,  to  give  a fmgular  variety  of  {hade  in 
the  fame  piece,  according  to  the  direction  in 
which  it  is  feen,  and  which  gives  the  effedl  of 
a number  of  fmall  irregular  ftreaks  over  the 
furface.  If  cotton  previoufly  oiled,  alumed  and 
galled  be  only  flightly  palled  through  a bath 
containing  fulphat  of  iron,  the  nap  of  the  cloth 
alone  becomes  entirely  black  and  the  thread 
grey:  if  this  be  afterwards  maddered,  the  thread 
becomes  red  and  the  nap  violet,  which  produces 
an  agreeable  changeablenefs  of  colour  as  feen 
in  different  lights. 

Of  Calico  Printing. 

To  apply  a coloured  pattern  on  a white  or 
coloured  ground,  only  two  general  methods 
appear  pradlicable,  the  one,  to  weave  the  pat- 
tern into  the  cloth  with  threads  dyed  of  the 
requifite  colours,  the  other  to  devife  fome 
method  of  topical  dyeing,  which  {hall,  like  a 
picture,  confine  the  defired  colours  to  thofe  parts 
only  that  are  figured  by  the  intended  patterns. 
The  former  is  the  delicate  bufinefs  of  the  em- 
broiderer or  the  tapeftry  weaver;  the  latter  is 
the  ingenious  art  of  the  calico-printer. 

The  hiftory  of  this  art  and  the  detail  of  the 
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vaft  variety  of  procefles  employed  in  producing 
the  various  coloured  patterns,  it  would  be Super- 
fluous to  enter  into,  efpecially  as  mod  of  what 
has  been  defcribed  of  general  dyeing  applies  (as 
far  as  the  chemical  principles  of  the  art  are 
concerned)  to  topical  dyeing.  A few  examples 
therefore  of  the  peculiar  manipulations  of  calico- 
printing  will  fuffice. 

It  is  particularly,  though  not  entirely,  with 
the  adjedtive  colours,  or  thofe  that  require  a mor- 
dant, that  calico-printing  is  concerned,  as  this 
very  circumftance  affords  a ready  method  of 
giving  a permanent  colour  only  to  the  pattern 
part ; for  if  this  latter  only  is  impregnated 
with  the  mordant,  and  the  whole  cloth  is  then 
uniformly  dyed,  the  natural  effect  of  expofure 
to  fun  and  air,  will  be  to  difcharge  all  the  co- 
lour from  every  part  of  the  cloth  except  where 
it  had  previoufly  received  the  mordant,  and  thus 
a coloured  pattern  will  be  produced  on  a white 
ground. 

This  partial  application  of  mordants  therefore 
followed  by  general  dyeing,  conftitutes  the 
greater  part  of  calico-printing,  befides  which, 
however,  a further  variety  of  application  often 
occurs,  as  fometimes  colours  themfelves  are 
painted  or  pencilled  in  to  affift  the  general  effect, 
which  therefore  require  no  fubfequent  opera- 
tion ; and  occafionally  other  contrivances  are 
ufed  to  fix,  or  alter,  or  difcharge  colours,  ac- 
cording as  the  propofed  pattern  may  require  it. 

Two  mordants  are  more  particularly  ufed  by 
calico-printers,  though  equally  ferviceable  in 
general  dyeing,  the  one  is  acetite  of  alumine 
with  a portion  of  alum,  the  other  is  a folution 
of  iron  in  fome  vegetable  acid. 

The  acetite  of  alumine  is  always  made  by 
double  decompofition  of  alum  and  fugar  of  lead, 
but  the  proportions  of  each  vary  much  according 
to  circumftances,  and  probably  to  the  fancy  of 
the  colour-mixer.  In  general  three  pounds  of 
alum  (or  in  that  proportion)  are  thrown  into  a 
barrel,  and  when  diflolved,  a pound, to  a pound 
and  a half  of  fugar  of  lead  are  added,  and  the 
whole  often  ftirred  for  two  days.  On  fettling,  a 
clear  liquor  is  found  at  top  which  confifts  of 
acetite  of  alumine,  but  Hill  containing  much 
undecompofed  alum,  and  a denfe  v/hite  fediment 
remains  at  bottom  which  is  fulphat  of  lead. 
The  clear  liquor  is  the  part  ufed  for  the  mor- 
dant, but  previoufly  two  ounces  of  pearlafh  and 
as  much  chalk  are  added,  more  entirely  to  neu- 
tralize any  excefs  of  acid,  and  partly  to  decom- 
pofe  the  folution;  for  though  the  mordant 
muft  be  in  a faline  ftate  entirely  to  fix  itfelf 
to  the  fibres  of  the  cotton,  it  fliould  feem  that 


the  true  intermede  between  the  cotton  and  the 
dye  is  the  alumine,  and  not  the  acids  that 
hold  it  in  folution,  and  hence  the  weaker  the 
adhefion  of  thefe  is  to  the  alumine,  and  the 
ftronger  will  be  the  triple  union  between  the 
colour,  the  earth,  and  the  cotton  fibre. 

The  other  mordant  cdnftantly  in  ufe  with 
the  printers  is  a folution  of  iron  in  vinegar, 
foured  beer,  pyroligneous  acid,  or  other  vege- 
table acids,  and  which  therefore  is  chiefly  an 
acetite  of  iron  mixed  with  a portion  of  tartrite, 
perhaps  gallat,  and  other  falts  of  this  metal. 

To  make  thefe  mordants  fit  for  printing,  and 
give  them  fuch  a confiftence  as  will  enable  them 
to  dry  in  a figured  pattern  without  running  into 
the  adjoining  parts,  they  are  thickened  with 
pafte  to  the  confiftence  of  jelly ; and  when  to 
he  ufed,  this  jelly  is  fqueezed  through  a very 
fine  fieve  by  a particular  and  Ample  contrivance, 
on  the  furface  of  which  it  lies  as  a thin  coat- 
ing convenient  to  be  transferred  to  the  printing 
blocks. 

The  mordant,  when  naturally  colourlefs,  is  a 
little  tinged  withBrazil  rvood  (which  being  a very 
fugitive  dye  does  not  impair  the  general  effedl) 
that  the  workman  may  fee  the  impreflion  on  the 
cloth  and  fix  the  pattern  with  accuracy. 

The  inftrument  by  which  the  impreflion  is 
given  (or  what  anfwers  to  the  types  in  the  print- 
ing of  books)  is  a piece  of  hard  wood,  generally 
holly,  about  a foot  long,  on  which  the  pattern 
is  carved,  nearly  as  in  wood  engraving,  and  is 
ftrengthened  at  the  back  with  a thicker  piece  of 
oak  glued  on.  The  parts  of  the  pattern  that 
are  to  receive  a large  body  of  colour,  and  con- 
fequently  require  a correfponding  quantity  of 
mordant,  are  given  by  pieces  of  old  hat  inlaid 
into  the  block  which  are  found  to  take  up  the 
mordant  in  a more  uniform  way  than  any  other 
material.  Of  late  years  alfo  fome  of  the  finer 
patterns  are  given  by  fheet-copper  fixed  on  a 
block  like  fillagree  work,  which  gives  a finer 
and  fharper  line  to  the  figured  pattern.  Fine 
work  is  fometimes  given  ftill  more  expeditioufly 
by  engraved  copper-plate  and  the  rolling-prefe 
as  in  common  pidlure  engraving. 

The  general  procefs  of  the  Ample  kind  of 
calico-printing  therefore  is  the  following : the 
cotton  cloth,  previoufly  bleached  with  alkali 
and  much  walhing,  and  calendered  to  fmooth 
the  furface,  is  ftretched  on  a long  table  covered 
with  woollen  cloth,  when  the  printer  firft  lays 
the  block  on  the  fieve  that  contains  the  mor- 
dant, then  applies  it  fteadily  on  the  cloth,  and 
ftrikes  it  a fmart  blow  on  the  back  with  a 
wooden  mallet  to  give  a ftrong  impreflion. 
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This  he  repeats  fucceflively,  each  time  carefully 
laying  the  block  in  the  proper  direction  fo  as 
not  to  overlap  the  laft  impreffion,  till  the  whole 
is  finiflied. 

In  this  way  the  patterns  are  imprefled  with 
one  or  more  kinds  of  mordant  as  may  be  re- 
quired, afcer  which  the  cloth  is  ftrongly  dried 
in  a ftoved  room,  which  both  fixes  the  mordant 
more  firmly  to  the  cotton,  and  volatilizes  much 
of  the  acetous  acid  in  fumes  very  fenfible  to  the 
fmell.  When  dry,  the  cloth  is  taken  to  a ciftern 
containing  very  warm  water,  in  which  cow- 
dung  is  diffufed,  and  there  it  is  worked  about 
to  difl'olve  out  the  pafte  and  other  fuperfluous 
part  of  the  mordant,  fufficient  being  yet  left 
firmly  united  to  the  fibres  of  the  cloth  to  fix  the 
dye  in  the  fubfequent  procefs.  The  cloth  is 
then  rinced  and  thoroughly  cleaned,  after  which 
it  is  dyed  in  the  ufual  way.  The  cloth  comes 
out  of  the  dying  ciftern  entirely  coloured  (yel- 
low for  example  when  the  dye  has  been  weld) 
it  is  then  again  wafhed  with  water,  boiled  with 
bran  and  water,  alternating  with  expofure  to 
air  on  the  bleach-field,  and  other  bleaching 
procefles,  till  at  laft  all  the  colour  of  the  ground 
has  difappeared,  and  that  only  remains  which 
has  been  fixed  to  the  pattern  by  the  mordant. 

The  above  is  the  fimpleft  procefs,  that  is,  in 
which  all  the  mordants  are  laid  on  firft,  and 
the  colour  is  given  by  a fingle  dyeing  afterwards, 
and  by  merely  varying  the  mordants  a con- 
fiderable  variety  of  {hades  maybe  given.  Thus 
for  example,  if  one  pattern  be  printed  with  the 
aluminous  mordant  alone,  a fecond  with  a mix- 
ture of  the  former  mordant  with  iron  liquor,  a 
third  with  iron  liquor  alone,  and  a fourth  with 
iron  liquor  and  galls,  and  the  piece  be  after- 
wards dyed  with  quercitron  or  weld,  and  the 
ground  bleached  in  the  ufual  manner,  the  firft 
pattern  will  be  of  a pure  yellow,  the  fecond 
v/ill  be  olive,  the  third  of  a dark  drab  colour, 
and  the  fourth  nearly  black,  whilft  the  ground 
will  be  white. 

Cloth  that  has  been  thus  printed  with  one 
courfe  of  colours  is  often  fubje<fted  to  a fimilar 
procefs  for  a different  courfe  with  another  dye, 
where  the  intended  pattern  requires  a great 
variety  of  colours. 

Thus  when  all  the  reds,  purples,  browns, 
&c.  have  been  given  by  a courfe  of  madder,  the 
cloth  with  part  of  the  patterns  thus  finilhed, 
may  be  made  to  undergo  a courfe  of  mordants 
to  be  afterwards  dyed  with  quercitron  for  other 
parts  of  the  pattern.  In  this  cafe  however 
tjnuch  judgment  is  required  to  employ  only  thofe 
fucceffions  which  will  not  materially  injure  each 


other.  It  might  be  at  firft  fuppofed  that  when 
a pattern  dyed  red  (for  example)  with  madder 
and  an  alum  mordant  came  to  be  immerfed  in 
a deco&ion  of  weld  without  any  frefh  mordant, 
that  the  former  would  not  be  at  all  affe£led  by 
the  latter,  or  at  leaft  that  the  eJfiedt  would  foon 
be  deftroyed  by  bleaching;  but  this  is  not  found 
to  be  altogether  the  cafe,  for  adjective  colours 
appear  to  have  alfo  their  relative  affinities  for 
mordants,  therefore  as  a faft  madder  red  is  a 
compound  of  madder  and  alumine,  if  madder 
has  a lefs  affinity  for  alumine  than  weld,  the 
colour  will  be  in  part  decompofed,  and  fome  of 
the  weld  will  difplace  a portion  of  the  madder. 
Hence  the  colour  will  be  changed  into  a triple 
compound  of  madder,  weld,  and  alumine,  and 
the  dye  proportionally  altered.  It  appears  there- 
fore that  in  printing  fucceffive  courfes  of  colours 
attention  ffiould  be  paid  to  print  firft  thofe 
whofe  affinities  for  the  mordants  are  the  ftrong- 
eft,  and  finiffi  with  the  weakeft,  unlefs  indeed 
(which  is  fometimes  the  cafe)  the  change  pro- 
duced by  the  intermixture  of  colours  be  a part 
of  the  defired  effeft.  But  much  remains  to  be 
done  towards  a rational  explanation  of  the  com- 
plicated affinities  and  mutual  aftion  of  mor- 
dants and  colouring  matter,  and  of  the  apparent- 
ly flight  variations  by  which,  however,  the  flcilful 
printer  is  enabled  to  produce  effects  which  at 
prefent  a perfon  could  hardly  hope  to  imitate 
without  a large  ffiare  of  practical  experience. 

Another  part  of  calico-printing  is  the  impref- 
fion  of  colours , for  hitherto  that  of  mordants 
only  has  been  mentioned.  In  this  cafe  alfo,  as 
in  general  dyeing,  the  fubftantive  colours  do  not, 
and  the  adj e6Uve  colours  do,  require  to  be  pre- 
vioufly  mixed  with  their  proper  mordant.  Pat- 
tern colours  are  applied  either  by  the  block  (as 
the  mordants  are)  or  by  pencilling  or  painting.  In 
the  latter  cafe  the  colour  is  thickened  not  with 
pafte  but  with  gum  arabic  or  fenegal,  and  it  is 
applied  with  a camel’s  hair  bruffi.  The  pen- 
cilled colours  require  no  further  dyeing  opera- 
tion, and  are  only  finilhed  by  waffiing  and  dry- 
ing, fo  that  it  is  ufually  the  laft  parts  of  the  pat- 
tern that  are  given  in  this  way. 

Indigo  is  the  only  fubftantive  colour  ufed  for 
pencilling,  but  here  a very  great  difficulty  pre- 
i'ents  itfelf;  for  indigo  (as  already  mentioned  in 
defcribing  the  blue  dye)  is  only  a faft  colour 
when  in  its  difoxygenated  ftate,  in  which  it  is 
yellow  or  green  ; but  when  much  expofed  to 
air,  as  can  hardly  be  avoided  in  the  flow  and 
minute  procefs  of  pencilling,  part  of  it  returns 
to  the  blue  or  oxygenated  ftate  before  it  has 
properly  fixed  itfelf  on  the  ftuff3  and  this  por- 
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tlon  is  carried  away  in  the  fubfequent  walking. 
It  is  therefore  very  feldom  that  the  pattern  of  a 
whole  piece  can  be  indigo-penciled  with  the  fame 
uniformity  with  which  fome  of  the  other  colours 
are  given.  The  folution  ufed  for  this  purpofe 
is  ufually  made  of  a large  proportion  of  indigo 
difi'olved  in  potafh,  rendered  cauftic  by  lime,  to 
which  is  added  orpiment  for  the  deoxygenation 
of  tlxe  indigo.  This  latter  effect  is  alfo  often 
produced  wholly  or  in  part,  by  the  cheaper 
hind  of  raifins.  The  folution  is  then  thickened 
by  gum,  and  fhould  be  kept  in  a clofe  flopped 
vefiel,  and  no  more  expofed  to  air  than  is  ne- 
ceflary  for  immediate  ufe. 

This  indigo-blue  is  alfo  often  pencilled  upon 
figures  previoufly  dyed  yellow  in  order  to  pro- 
duce a permanent  green,  but  with  fome  little 
injury  to  the  yellow  ground  by  the  cauftic  alkali 
contained  in  the  indigo  folution. 

Adjedlive  colours  are  fometimes  mixed  with 
their  proper  mordant,  and  ufed  in  this  ftate  for 
pencilling  without  any  other  preparation.  Such 
_a  mixture  has  therefore  the  effedl  of  a fubftan- 
tive  colour.  Thus  if  a very  ftrong  decodlion  of 
weld  or  quercitron  is  added  to  a mixture  of 
alum  and  fugar  6f  lead,  and  the  whole  duly 
thickened,  a yellow  of  a certain  degree  of  du- 
rability is  formed  at  once,  and  may  be  printed 
or  pencilled  on  a v/hite  ground  to  produce  a 
yellow,  on  an  indigo  ground  to  give  a green,  on 
a red  madder  ground  to  give  an  orange  and  the 
like. 

It  is  found  however  that  adjedlive  colours 
when  firft  mixed  with  their  mordants,  and 
then  applied  to  cotton,  have  very  little  dura- 
bility compared  to  that  of  the  method  of  firft 
applying  the  mordant  thoroughly,  and  then  the 
colour.  This  difference  holds  good  in  the  general 
as  well  as  topical  dyeing  of  cotton  and  linen  with 
all  adjedlive  colours,  as  has  akeady  been  fully 
defcribed,  though  with  regard  to  wool  it  ap- 
pears to  be  often  a matter  of  indifference  as  to 
the  fixity  of  the  colour,  whether  the  mordant 
and  the  dye  are  applied  feparately  or  united. 
Thus  woollen  cloth  may  be  dyed  with  cochineal 
and  tin,  apparently  equally  well  in  one  as  in  two 
operations.  But  as  this  does  not  hold  with 
cotton  it  ftill  remains  a great  objedl  in  calico- 
printing  to  difcover  fome  method  of  pencilling 
adjedlive  colours  fo  as  to  be  fufficiently  durable. 
It  is  alfo  an  additional  difficulty  to  this  objedl 
that  the  pencilled  colours  always  require  a very 
full  body  of  colour,  being  generally  applied 


rather  as  finifhing  touches  to  the  pattern  than 
conftituting  any  very  large  portion  of  it. 

In  many  cafes  parts  of  the  pattern  itfelf  arc 
required  to  be  white.  Sometimes  this  may  be 
done  fimply  in  the  way  that  the  ground  is  left 
white,  that  is  by  leaving  thefe  parts  untouched 
by  any  mordant,  fo  that  when  the  whole  is 
dyed  with  an  adjedlive  colour,  fubfequent 
walking  and  bleaching  will  deftroy  the  dye  on 
thefe  untouched  parts.  This  plan  however  is 
obvioufly  inadmillible  when  the  general  dye  is 
given  by  a fubftantive  colour  as  indigo.  In 
fuch  cafes  fome  kind  of  covering  muft  be 
applied  to  the  white  pattern  parts  to  protedl 
them  from  the  dye,  and  hinder  it  from  pene- 
trating. In  the  Eaft  Indies  wax  is  often  ufed 
topically  on  the  white  parts  for  this  purpofe. 
In  this  country  a mixture  of  pipe  clay  and 
pafte  is  fometimes  ufed.  In  thefe  cafes  the 
cold  indigo  vat  is  of  particular  fervice,  as  the 
covering  for  the  white  is  much  lefs  liable  to  be 
diffolved  out,  than  in  the  ufual  way  of  dyeing 
in  a heated  bath. 

But  in  the  common  method  of  producing 
white  with  adjedlive  colours,  the  fmaller  parts 
of  the  pattern  are  feldom  fo  well  defined  and 
thoroughly  bleached  as  to  render  the  work  per- 
fedl.  With  every  care  fome  part  of  the 
adjoining  printed  mordant  will  often  fpread  a 
little  beyond  its  proper  limits,  and  occafion  a 
permanent  foil  on  the  white,  befides  that  the 
removing  fome  ftains  by  bleaching,  particularly 
thofe  from  the  weld  bath,  is  tedious  and  diffi- 
cult. To  remedy  this  therefore,  and  to  give  a 
perfedlly  clear  and  well  defined  pattern  white, 
to  the  parts  without  mordant,  which  fo  much 
improves  the  general  effedl,  the  .bleaching 
power  of  acids  has  lately  been  much  reforted  to. 
Molt  of  the  acids  poll'efs  this  power,  but  the 
ftronger  mineral  acids  are  fo  liable  to  affedl  the 
texture  of  the  cotton  when  fufficiently  ftrong, 
that  they  cannot  be  employed.  Recourfe  there- 
fore has  been  had  to  the  ftronger  vegetable 
acids,  and  of  thefe  the  Citric , either  in  its  cryf- 
tallized  ftate,  or  merely  as  lemon  juice  concen- 
trated by  boiling,  holds  the  firft  place,  and  this 
article  has  of  late  years  been  confumed  by  the 
printers  of  this  country  to  a vaft  amount.  It  is 
ufually  applied  by  the  block  like  the  common 
mordants.  The  particulars  of  the  preparation 
of  the  Citric  acid  are  defcribed  under  that  article. 

For  fome  further  obfervations  on  the  nature 
of  colouring  matter  fee  the  article  Extra El. 
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EARTH.  Terre,  Fr.  Erde , Germ. 

While  chemiltry  was  under  the  dominion  of 
fancy  and  metaphyfics,  before  the  eftablifhment 
of  the  maxim  that  fads  are  to  precede  and  ferve 
as  the  bafis  of  all  reafonings  in  natural  fcience, 
it  was  imagined  that  all  material  fubftances 
were  ultimately  refolvable  into  four  Ample 
bodies,  viz.  air,  fire,  water,  and  earth,  which 
were  hence  called  the  four  elements.  The  two 
firft  were  avowedly  almoft  wholly  unknown, 
moft  liquids  were  fuppofed  to  be  modifications 
of  the  third,  and  the  folid  particles  of  bodies 
were  attributed  to  the  laft.  Earth  in  this  ex- 
tended fenfe  was  chiefly  characterized  by  the 
properties  of  hardnefs  and  folidity,  and  was 
fubdivided  into  various  fpecies,  according  to  the 
fuppofed  modifications  that  it  underwent.  Thus 
the  clafs  of  combuftible  bodies  was  imagined  to 
contain  more  or  lefs  of  an  inflammable  earth ; 
the  various  metals  were  confidered  as  abounding 
with  a metallic  or  mercurial  earth,  and  fo  on  of 
the  other  great  clafles  into  which  Folids  are 
divided.  Thefe  feveral  earths  however  were 
confidered  as  only  modifications  of  the  primitive 
elementary  one.  Modern  chemiftry,  though  it 
has  retained  the  term  in  a much  more  reftriCted 
fenfe  than  it  was  applied  formerly,  has  yet  in- 
cluded under  it  a fufficiently  heterogeneous 
aflemblage  of  bodies ; a confiderable  portion  of 
which  may  much  more  properly  be  confidered 
as  belonging  to  the  clafs  of  alkalies. 

The  earths  that  are  at  prefent  known  are  nine 
in  number,  namely,  Silex,  Zircon,  Alumine, 
Glycine,  Yttria,  Barytes,  Strontian,  Lime,  Mag- 
nefia.  When  purified  by  art  from  all  foreign 
mixture  they  agree  in  the  following  properties, 
i.  they  are  of  a fnow-white  colour;  2.  are  in- 
fufible  by  a very  intenfe  heat;  3.  are  not  re- 
ducible to  the  metallic  ftate  by  being  heated  in 
contaCt  with  combuftible  matter.  Of  thefe  nine 
earths  however  the  four  laft  have  all  the  proper- 
ties of  alkalies  (whence  indeed  they  have  fome- 
times  been  called  alkaline  earths)  not  differing 
from  potafh  or  foda  fo  much  as  thefe  do  from 
ammonia.  If  therefore  we  were  to  confine  the 
term  earth  to  the  five  firft,  this  double  advan- 
tage would  accrue  from  the  arrangement,  that 
the  two  clafles  of  alkalies  and  earths  would  each 
admit  of  a genuine  chemical  definition,  which 
they  both  equally  want  at  prefent. 

If  fuch  an  arrangement  were  adopted,  the 
remaining  earths  would  be  thus  characterized. 
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They  are  infufible,  and  infoluble  in  water,  and 
have  neither  tafte  nor  fmell : they  exhibit  neither 
acid  nor  alkaline  characters  : they  combine  with 
acids  and  with  alkalies  either  pure  or  carbo- 
nated : they  have  no  aCtion  on  metallic  fubftances 
and  are  incapable  of  afluming  the  reguline  form. 

A confiderable  ftir  was  made  a few  years  ago 
in  Hungary,  by  the  pretended  metallization  of 
feveral  of  the  earths  by  M.  M.  Ruprecht  and 
Tondi,  till  their  experiments  were  repeated  by 
Klaproth  and  others,  and  fhown  to  be  entirely 
fallacious.  The  chemifts  firft  mentioned  took 
a fmall  quantity  of  any  earth,  barytes  for  ex- 
ample, and  having  beaten  it  up  with  a little 
water  and  charcoal,  fmeared  it  on  the  infide  of 
a Heflian  crucible ; the  cavity  was  then  filled 
with  powdered  charcoal,  and  at  the  top  of  all 
was  placed  a layer  of  bone-afh ; a cover  being 
then  luted  on,  the  crucible  was  expofed  for 
three-quarters  of  an  hour  to  a blaft  furnace,  in 
which  it  was  heated  almoft  to  a ftate  of  party 
fufion.  When  the  contents  of  the  crucible 
were  examined,  the  barytes  was  found  in  part 
melted  with  the  earth  of  the  crucible,  and  con- 
taining from  2 to  4 per  cent,  of  brittle  metallic 
globules,  which  were  fuppofed  to  have  origi- 
nated from  a decompofition  of  part  of  the 
barytes.  Thefe  globules  however  on  analyfis 
by  Klaproth,  proved  to  be  nothing  more  than 
phofphuret  of  iron  ; the  metallic  part  doubtlefs 
originating  from  the  iron  contained  in  the  earth, 
of  the  crucible,  and  the  phofphorus  from  the 
bone-alh  by  means  of  the  charcoal.  That  this 
is  the  true  explanation  of  the  appearance  is 
evident  from  another  experiment  of  Klaproth, 
in  which  he  repeated  the  procefs  of  Ruprecht, 
only  fubftituting  a porcelain  for  a Heflian  cru- 
cible ; but  the  earth  of  this  crucible  contained 
no  iron,  and  there  was  not  the  flighted:  appear- 
ance of  metallic  globules  in  the  barytes  which 
it  contained.  Further,  the  experiment  was 
again  repeated  in  a Heflian  crucible,  only  leaving 
out  the  barytes,  and  the  globules  made  their 
appearance  as  plentifully  as  when  the  barytes 
was  prefent.  a 

EARTHENWARE.  See  Potitry. 

EAU  DE  LUCE.  This  is  a feented  fa  von  ule 
compofed  chiefly  of  liquid  ammonia  and  oil  of 
amber,  and  forms  a white  milky  fluid.  Thefe 
two  ingredients  however,  even  if  mixed  by  long 
agitation  in  a vial  fo  as  apparently  to  be  per- 
fectly combined,  after  Handing  for  a fhort  time 
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feparate  from  each  other  into  two  liquids,  the 
upper  of  which  is  the  principal  part  of  the  oil 
little  altered,  and  the  lower  is  the  ammonia, 
retaining  juft  enough  of  the  oil  to  give  it  a 
wheyifh  appearance.  The  following  is  recom- 
mended by  Macquer a as  an  efficacious  method 
of  preparing  permanent  Eau  de  luce. 

Take  four  ounces  of  redtified  fpirit  of  wine 
and  difl'olve  in  it  ten  or  twelve  grains  of  white 
foap  ; filter  this  folution,  and  then  difl'olve  in  it 
a dram  of  rectified  oil  of  amber,  and  filter 
again  : mix  with  this  a few  drops  of  ftrong 
liquid  ammonia  and  fhake  the  whole  well  to- 
gether in  a vial ; then  add  a little  more  ammonia, 
and  fo  on  gradually  till  the  liquor  becomes  of 
the  confidence  of  cream.  This  method  how- 
ever often  fails  to  produce  the  defired  eftedt, 
the  compound  fpontaneoufly  feparating  after  a 
few  days : hence  various  other  additions  have 
been  made  by  druggifts  with  greater  or  lefs 
fuccefs,  and  fome  of  the  beft  of  all  are  kept  in 
a confiderable  degree  fecret. 

The  goodnefs  of  the  following  method  is 
attefted  by  an  anonymous  correfpondent  in 
Nichoifon’s  journal.  b 

“ Digeft  ten  or  twelve  grains  of  the  whiteft 
u pieces  of  maftich  feledted  for  this  purpofe  and 
“ powdered,  in  two  ounces  of  alcohol,  and 
“ when  nearly  diffolved  add  twenty  grains  of 
“ elemi.  When  both  the  refins  are  diffolved 
“ add  ten  or  fifteen  drops  of  redtified  oil  of 
“ amber,  and  fifteen  or  twenty  of  effence  of 
“ bergamot ; ffiake  the  whole  well  together  and 
“ let  the  faeces  fubfide.  The  folution  will  be 
“ of  a pale  amber  colour.  It  is  to  be  added  in 
“ very  fmall  portions  to  the  beft  aqua  ammonise 
“ purae  until  it  affumes  a milky  whitenefs, 
“ ftiaking  the  vial  well  after  each  addition.” 
If  upon  the  addition  of  the  firft  drop  or  two  of 
the  tindlure  a denfe  opake  coagulated  precipi- 
tate is  formed,  it  is  too  ftrong  and  mull  be 
diluted  with  alcohol.  About  one  part  of  the 
tindture  to  four  of  the  ammonia  will  produce 
the  required  opacity. 

EDULCORATION.  Jbfufen,  Germ. 

This  term  is  applied  in  chemiftry  to  the  pro- 
cefs  of  waffling  out  from  a precipitate  any  excels 
of  acid  or  alkali  or  compound  fait  that  may 
adhere  to  it.  The  ufual  way  is  to  place  the 
precipitate  on  a filter,  and  when  nearly  all  the 
liquor  has  drained  away  from  it,  to  fill  up  the 
filter  again  with  clean  and  pure  water,  either 
hot  or  cold,  and  as  foon  as  this  has  paffed 
through  to  replace  it  with  frefii,  till  the  laft 
portions  that  drain  are  wholly  taftelefs  and  pro- 
• Chim,  Pi&.  art  Eau  de  Euce. 


duce  no  change  on  turmeric  or  litmus-paper. 
This  method  however  is  often  lefs  effectual, 
and  is  always  more  tedious  than  the  proccfs 
which  is  had  recourfe  to  at  preient.  When  the 
precipitate  is  depofited,  inftead  of  throwing  it 
on  a filter  pour  it  into  a large  filver  crucible 
and  boil  it  with  fome  water ; after  this  with- 
draw it  from  the  fire,  allow  it  a few  minutes  to 
fubfide,  and  draw  oft'  the  clear  liquor  ; then  add 
freffi  water  to  the  refidue  and  again  boil  it,  and 
proceed  thus  till  all  foluble  impurities  are  got 
rid  of.  A fingle  half-hour  thus  employed  will 
finiffi  more  work  than  a whole  day  in  the  com- 
mon method,  and  the  necefl'ary  lofs  upon  the 
precipitate  is  confiderably  lefs,  which  is  a cir- 
cumftance  of  no  fmall  importance  to  the  accu- 
racy of  an  analyfis. 

EFFERVESCENCE.  Aufbraufeti,  Germ. 

Effervefcence  is  a rapid  difengagement  of  gas 
taking  place  within  a liquid.  In  confequence 
of  this  numerous  bubbles  rife  to  the  furface, 
forming  a head  of  froth  and  burfting  with  a 
hilling  noife.  There  is  fome  external  refem- 
blance  between  effervefcence  and  fermentation, 
only  the  latter  procefs  is  much  flower  and  more 
durable,  hence  it  was  that  the  ancient  chemifts 
applied  the  term  fermentation  to  all  the  phe- 
nomena which  are  at  prefent  denoted  by  effer- 
vefcence, and  this  mifapplication  of  the  term 
irrefiftibly  induced  them  to  explain  the  two 
proceffes  by  the  fame  theory.  Hence  fait  of 
tartar,  of  wormwood,  and  in  fhort  all  the  mild 
alkalies,  as  well  as  the  feveral  varieties  of  car- 
bonated lime,  were  ranked  as  fermentable  bodies, 
and  the  muriatic,  nitric,  and  fulphuric  acids, 
the  addition  of  which  produced  in  them  effer- 
vefcence or  fermentation,  were  called  ferments; 
and  as  in  thefe  cafes  the  ferment  was  an  obvious 
acid,  fo  they  imagined  that  all  real  ferments 
were  alfo  efl'entially  acids,  but  with  their  pro- 
perties malked  and  obtunded  by  mixture  with 
mucilage,  &c. 

The  gas  of  effervefcence  is  produced  by  fingle 
or  double  ele&ive  affinity ; in  the  former  cafe 
it  is  for  the  moft  part  carbonic  acid,  in  the 
latter  it  is  either  nitrous  gas  or  hydrogen.  It  is 
manifeft  that  the  gas  muft  have  little  or  no 
affinity  with  the  fluid  in  which  it  is  immerfed, 
in  order  to  produce  effervefcence,  hence  it  is 
that  although  carbonic  and  muriatic  acids  are 
both  gafi'es,  and  are  both  extricated  from  their 
alkaline  combinations  by  fulphuric  acid,  yet  a 
folution  of  carbonat  of  potafli  in  water  (hall 
produce  a vehement  effervefcence  with  fulphuric 
acid,  while  muriat  of  potafli  in  the  fame  cir- 
k Nichojfon’s  Jour.  4to.  vol  i.  p.  167. 
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cumftances  Ihall  occafion  none  at  all,  the  car- 
bonic acid  having  little  or  no  affinity  for  water 
acidulated  by  fulphuric  acid,  while  the  muriatic 
acid  will  combine  with  the  fame  very  readily. 

EFFLORESCENCE.  Befchlag, , Germ. 

Efflorcfcence  is  the  formation  of  a powdery 
cruft,  or  of  minute  fpicular  cryftals  on  the  fur- 
face  of  any  fubftance.  It  is  applied  to  two 
diftinft  phenomena,  which  it  is  of  confequence 
to  be  aware  of.  Salts  are  either  unalterable  in 
the  air,  or  they  attract  part  of  its  moifture  and 
are  refolved  into  a fluid,  or  they  yield  part  of 
their  water  of  cryftallization  to  the  air,  and  are 
in  confequence  firft  fuperficially,  and  afterwards 
entirely  reduced  to  powder.  This  effect,  at 
leaft  in  its  commencement,  is  called  effloref- 
oence,  and  fuch  falts  are  denominated  efflo- 
refcent : but  there  is  another  kind  of  effloref- 
cence  wholly  diftincft  from  this,  as  when  we 
fpeak  of  the  efflorefcence  of  iron  pyrites  or  of 
new  mortar ; in  thefe  cafes  it  implies  the  ap- 
pearance of  a fuperficial  covering  of  minute 
hair-like  cryftals,  and  is  occafioned  by  the  che- 
mical changes  that  take  place  on  the  furface  of 
the  fubftance  where  thefe  cryftals  appear.  Thus 
fulphuret  of  iron  is  changed  by  efflorefcence 
into  l'ulphat  of  iron  or  green  vitriol : whereas 
fulphat  of  foda  when  fubjected  to  the  effloref- 
cence firft  mentioned,  although  changed  in 
form  remains  the  fame  in  compofition,  except 
that  it  has  loft  part  of  its  water.  The  one 
deftroys  cryftals,  the  other  produces  them. 
EGYPTIAN  PEBBLE.  See  Jasper. 
EISENKIESEL.  See  Quartz. 

ELASTIC  BITUMEN.  See  Bitumen. 
ELASTIC  GUM.  See  Caoutchouc. 

ELEMENTS.  Uranfange , Germ. 

Modern  chemiftry  does  not  acknowledge  any 
particular  number  of  elements,  but  freely  admits 
into  this  clafs  all  fubftances  that  have  not  hither- 
to been  decompofed.  An  element  therefore  is 
merely  one  of  the  laft  refults  of  chemical  ana- 
lyfis ; and  in  denominating  fubftances  elemen- 
tary or  Ample,  we  look  upon  them  as  fuch  only 
with  regard  to  the  prefent  ftate  of  chemical 
fcience.  It  is  not  probable  that  any  one  of  the 
fimpleft  bodies  with  which  we  are  acquainted  is 
really  and  effentially  elementary,  and  it  is  at 
beft  needlefs  to  enter  into  an  enquiry  in  which 
there  are  no  facts  to  reft  on  for  fupport. 

ELEMI.  The  refin  known  by  this  name, 
improperly  called  gum  elemi,  is  fuppofed  to  be 
the  produce  of  a large  tree,  arranged  in  the 
Linnaean  fyftem  under  the  name  Amyris  Elemi- 
fcra,  and  concerning  which  we  know  little  or 


nothing,  except  that  it  is  a native  of  Carolina 
and  the  warmer  parts  of  America.  But  the 
true  elemi,  according  to  Gecffroy,  comes  from 
Ethiopia. 

The  colour  of  this  refin  is  a light  yellow  in- 
clining to  green ; it  is  firm  on  the  outfide,  but 
internally  is  fomewhat  foft  and  adhefive  5 it  has 
a bitterifh  flavour  and  a grateful  fragrant  odour 
not  very  unlike  that  of  fweet  fennel  feeds.  It 
comes  to  us  in  cylindrical  pieces  or  cakes, 
covered  with  palm-leaves. 

When  diftilled  in  a water-bath,  elemi  affords 
about  yV  of  effential  oil,  in  which  all  the  fra- 
grance of  the  fubftance  refides,  the  remaining 
refin  being  entirely  inodorous  and  brittle.  Six- 
teen ounces  of  elemi  give  out  to  hot  water 
about  three  drams  of  extract,  and  of  the  remain- 
der fifteen  ounces  appear  to  be  refin. 

Elemi  is  a fcarce  and  dear  fubftance ; it  is 
ufed  occafionally  in  medicine  as  a liniment,  and 
is  employed  in  the  arts  as  an  ingredient  in  fome 
varnifhes. 

ELUTRIATION.  Vervuafchen , Germ.. 

This  term  is  nearly  fynonymous  with  •wajhing 
or  1 vaJJjing  over.  It.  is  a method  of  feparating 
fubftances  of  different  fpecific  gravities  from 
each  other  by  means  of  water.  For  this  purpofe 
the  mixture  is  ftirred  up  brilkly  with  water, 
and  when  the  heavier  particles  have  again  fallen 
to  the  bottom,  the  turbid  water  containing  the 
lighter  ones  (till  fufpended  is  poured  off  into 
another  veffel.  By  this  Ample  method,  a perfon 
accuftomed  to  the  bufinefs  will  feparate  three 
or  four  fubftances  from  each  other  with  fur- 
prizing  exadbnefs  and  expedition. 

ELIOU ATION.  See  Silver. 

EMERALD.  a Of  this  mineral  we  may 
diftinguifh  the  two  following  fubfpecies. 

I . Emerald.  Emerciude  verte , Hauy.  Schmar- 
agd,  Werner. 

The  chara&eriftic  colour  of  emerald  is  pure 
prifmatic  green  of  various  degrees  of  intenfity ; 
the  deep  coloured  varieties  pafs  occafionally 
into  grafs  and  verdigris  green,  and  the  lighter 
ones  into  greenifh  white.  It  has  hitherto  been 
met  with  only  cryftallized.  Its  primitive  figure 
is  a regular  hexahedral  prifm,  the  lateral  planes 
of  which  are  fmooth,  and  the  terminal  planes 
rough.  1.  Sometimes  the  lateral  edges  are 
replaced  by  fecondary  planes,  forming  a dodeca- 
hedral prifm.  2.  Or  the  folid  angles  are  re- 
placed by  fmall  triangular  facets.  3.  Or  the 
edges  adjoining  to  the  bafe  are  replaced  by 
planes  inclined  towards  the  axis  of  the  cryftal, 
the  jun£lion  of  which  forms  a termin?]  trun- 
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cated  hexahedral  pyramid.  4.  Sometimes  the 
folid  angles  at  the  common  hafe  of  the  prifm 
and  its  terminal  pyramid  (var.  3.)  are  replaced 
by  fmall  rhombs.  5.  Sometimes  the  fecondary 
planes  of  var.  3 are  very  narrow,  fo  that  the 
terminal  edges  appear  only  bevilled.  The  length 
of  the  prifms  feldom  greatly  exceeds  their  di- 
ameter. The  cryftals  are  middle-fized  and 
fmall,  very  rarely  large,  the  greateft  that  has 
yet  been  found  is  about  6 inches  long  and  2 
inches  in  diameter : they  are  always  implanted 
and  in  clufters.  The  internal  luftre  is  vitreous 
and  fliining,  fometimes  brilliant.  Its  frafture 
is  fmall  and  imperfectly  conchoidal,  palling  into 
obfcurely  foliated  in  four  directions  correfpond- 
ing  with  the  faces  of  its  integrant  molecule, 
which  is  an  equilateral  triangular  prifm,  the 
lateral  planes  of  which  are  fquares.  It  is  tranf- 
parent  or  tranflucent,  and  exhibits  a double 
refraCtion.  Its  hardnefs  is  fomewhat  fuperior 
to  that  of  quartz,  which  it  fcratches  with  diffi- 
culty. Sp.  gr.  2.72  to  2.77. 

It  is  fufible  but  with  difficulty  before  the 
blowpipe  into  a whitilh  glafs ; it  melts  eafily 
without  efFervefcence  by  borax.  Its  conftituent 
parts,  according  to  Vauquelin  and  Klaproth,  are 


Vauq. 

Klap. 

Silex  - - - 64.5  — 

69. 

Alumine  - - 16.  — 

I5* 

Glycine  - - 13.  — 

12.5 

Lime  - - - 1.6  — 

0.25 

Oxyd  of  chrome  3,25  — 

0.25 

Oxyd  of  iron  - 0.  — 

1. 

Water  - - - 2.  — - 

0. 

100.35 

98. 

It  occurs  in  veins  palling  through  argillaceous 
fchiftus,  and  is  accompanied  by  calcareous  fpar, 
felfpar,  quartz,  and  iron  pyrites.  It  is  found  at 
prefent  only  in  Peru  in  the  valley  of  Tunia  or 
Tomana,  between  the  mountains  of  New  Gra- 
nada and  Pompayan,  and  in  the  province  of 
Manta.  Previous  to  the  difcovery  of  America, 
the  emeralds  of  Europe  were  procured  from 
Ethiopia. 

Emerald  is  reckoned  among  the  gems,  and 
when  of  a fine  colour  and  without  flaws  is 
highly  efteemed.  The  large  emeralds  fpoken 
of  by  various  writers,  fuch  as  that  in  the  Abbey 
of  Reichenau,  of  the  weight  of  28  pounds, 
and  which  formerly  belonged  to  Charlemagne, 
appear  to  be  either  green  glafs,  green  fluor, 
or  prafe.  The  molt  magnificent  fpecimen  of 
genuine  emerald  was  prefented  to  the  church 
of  Loretto  by  one  of  the  Spaniffi  kings  j it 


confilts  of  a mafs  of  white  quartz  thickly  im- 
planted with  emeralds  more  than  an  inch  in 
diameter. 

2.  Beryl,  or  Aquamarine.  Emcraude  vert - 
Heuatre , Hauy.  Edler  Beril,  Werner. 

Its  colour  is  either  mountain-green  palling 
into  apple -green,  oil-green,  greeniffi- white, 
honey  yellow  and  wine  yellow  (the  chryfolite  of 
fome  authors),  or  celandine-green  palfing  into 
fmalt,  Iky,  and  very  rarely  ultramarine  blue.  Its 
colours  are  almoft  always  pale : when  two  exift 
in  the  fame  cryltal  they  generally  are  arranged 
in  alternate  layers.  The  primitive  form  and 
varieties  of  cryftallization  are  thole  which  have 
been  already  deferibed  in  the  preceding  fub- 
fpecies.  The  adtual  and  proportionate  length 
of  the  prifms  in  beryl  is  much  greater  than  in 
emerald ; the  lateral  planes  are  ftriated  longi- 
tudinally, fo  as  fometimes  to  give  the  prifm  a 
cylindrical  appearance,  and  the  terminal  ones 
are  fmooth : the  joints  perpendicular  to  the  axis 
are  generally  very  diftinft,  moll  commonly  they 
are  plane  furfaces,  but  fometimes  the  joints 
like  thofe  of  articulated  bafalt  are  formed  by  a 
convex  protuberance  let  into  a cup-ffiaped  con- 
cavity 5 another  lingular  analogy  between  thefe 
two  widely  different  minerals  is,  that  a prifm 
which  at  its  lower  end  is  folid,  terminates  oc- 
cafionally  in  a bruffi-like  extremity,  compofed 
of  numerous  fmall  prifms.  Sometimes  a joint 
is  fo  difpofed  that  it  is  no  longer  perpendicular 
to  the  axis  of  the  prifm,  in  confequence  of  which 
an  elbow  is  produced,  as  if  the  prifm  had  been 
broken  acrofs  and  the  pieces  ill  cemented  to- 
gether again.  Sometimes  again  the  axis  of  the 
prifms  is  perforated.  The  fize  of  the  cryftals 
varies  from  capillary  to  1 8 inches  long  by  three 
or  four  in  diameter.  Its  external  luftre  is 
ffiining  and  gliftening ; internally  it  has  a bril- 
liant vitreous  luftre.  Its  crofs  frafture  is  between 
uneven  and  fmall  imperfedtly  conchoidal : its 
longitudinal  fradture  is  foliated.  It  is  commonly 
tranfparent  palling  into  tranflucent.  Its  hard- 
nefs is  the  fame  as  that  of  the  emerald.  Sp. 
gr.  2.68  to  2.72.  It  becomes  very  electric  by 
fri&ion. 

Its  conftituent  parts  according  to  Vauquelin 


and  Rofe,  are 

Vauq.  Rofe. 

Silex  - - - 68  — 69 

Alumine  - - 15  — 14 

Glycine  - - 14  — 14 

Lime  - - - 2.  — o 

Oxyd  of  iron  - 1.  — r 
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Beryl  occurs  imbedded  in  primitive  rocks, 
alfo  in  veins  accompanied  by  quartz,  felfpar, 
fluor  fpar,  garnet,  mica,  and  topaz.  The  fineft 
fpecimens  come  from  Daouria  in  Siberia  : it  is 
alfo  found  in  the  Uralian  mountains,  in  Brafil, 
in  Saxony,  near  the  village  of  Barat  in  the  fouth 
of  France,  whence  very  large  but  ill- coloured 
cryftals  have  been  procured,  and  occafionally  in 
the  higheft  mountains  of  Aberdeenfhire.  It  is 
ranked  by  courtefy  among  the  gems,  but  is  in 
very  fmall  eftimation. 

EMERY.  See  Corundum. 

EMETIC  TARTAR.  See  Antimony, 
Tartrite  of 

EMPYREUMA.  Brenzliche  bef chaff enheit,  G. 

Empyreuma  is  that  peculiar  and  moftly  dis- 
agreeable odour  and  talte  which  almoft  all 
animal  and  vegetable  fub (lances  contract  while 
decompofing  by  fire,  efpecially  in  clofe  veffels. 
An  oil  appears  to  be  generated  during  the  dry 
diftillation  of  all  organized  bodies,  and  this 
when  fcorched  feems  to  be  the  immediate  caufe 
of  empyreuma. 

EMPYREUMATIC  ACID.  See  Acetous 
Acid  cmpyr climatic. 

EMPYREUMATIC  OIL.  See  Oil. 

EMULSION.  Korner milch,  Saamenmtlch , G. 

An  emulfion  is  a white  milky-looking  fluid, 
caufed  by  an  imperfedl  temporary  combination 
of  oil  with  water  by  means  of  mucilage,  fecula, 
gluten,  gelatin,  and  the  like.  All  the  oily  fari- 
naceous feeds,  fuch  as  nuts,  almonds,  linfeed, 
hemp-feed,  muftard-feed,  &c.  form  an  emulfion 
by  Ample  trituration  with  water ; yolk  of  egg, 
which  is  a natural  compound  of  oil  and  albu- 
men, makes  a fimilar  emulfion,  and  thefe  are 
much  flower  in  undergoing  fpontaneous  fepa- 
ration  than  thofe  emulfions  all  the  ingredients  of 
which  are  put  together  by  art,  as  when  we  tri- 
turate together  oil  and  gum-water,  yet  even 
thefe  by  continued  agitation  may  be  made  to 
enter  into  pretty  intimate  combination. 

ENAMEL.  Email;  Fr.  Schmeltziuerk ; 
Germ. 

The  delicate  and  beautiful  art  of  enamelling 
confifts  in  the  application  of  a fmooth  coating 
of  vitrified  matter  (tranfparent  or  opake,  and 
with  or  without  colour,  figures,  and  other  orna- 
ments) to  a bright  polilhed  metallic  fubftance. 
It  is  therefore  a kind  of  varnifh  made  of  glafs, 
and  melted  upon  the  fubftance  to  which  it  is 
applied,  and  affording  a fine  uniform  ground 
for  an  infinite  variety  of  ornaments  which  are 
alfo  fixed  on  by  heat. 

The  general  principles  on  which  enamelling 
is  founded  are  on  the  whole  very  fimple,  but 


perhaps  there  is  none  of  all  the  chemico-mecha- 
nical  arts  which  requires,  for  the  finer  parts,  a 
greater  degree  of  practical  flcill  and  dexterity, 
and  of  patient  and  accurate  attention  to  minute 
proceffes. 

The  concealment  obferved  by  thofe  who 
profefs  this  art  is  proportioned  to  the  difficulty 
of  acquiring  it ; the  general  chemift  mull  there- 
fore content  himfelf  with  the  general  principles 
of  enamelling,  and  the  detail  of  thofe  particulars 
that  are  commonly  known. 

Though  the  term  enamelling  is  ufually  con- 
fined to  the  ornamental  glazing  of  metallic  fur- 
faces,  it  ftri&ly  applies  to  the  glazing  of 
Pottery  or  porcelain,  the  difference  being 
only  that  in  the  latter  the  furface  is  of  baked 
clay.  With  regard  to  the  compofition  of 
coloured  enamels  (which  are  all  tinged  by  dif- 
ferent metallic  oxyds)  a very  general  account  of 
the  fubftances  ufed  will  fuflice  in  this  place, 
and  the  reft  of  the  fubjeCt  may  be  properly 
referred  to  the  article  of  coloured  Glass. 
The  enamelling  on  metals  therefore  will  only 
be  noticed  in  this  place. 

The  only  metals  that  are  enamelled  are  gold 
and  copper,  and  with  the  latter  the  opake 
enamels  are  only  ufed.  Where  the  enamel  is 
tranfparent  and  coloured,  the  metal  chofen 
fhould  be  of  that  kind  as  not  only  to  have  its 
furface  unalterable  when  fully  red-hot,  but  alfo 
to  be  in  no  degree  chemically  altered  by  the 
clofe  contact  of  melted  glafs,  containing  an 
abundance  of  fome  kind  of  metallic  oxyd.  This 
is  the  chief  reafon  why  coloured  enamelling  on 
filver  is  impracticable,  though  the  brilliance  of 
its  furface  is  not  impaired  by  mere  heat,  for  if 
(for  example)  an  enamel  made  yellow  with 
oxyd  of  ledd  or  antimony  is  laid  on  a furface  of 
bright  filver,  and  kept  melted  on  it  for  a cer- 
tain time,  the  filver  and  the  enamel  a£t  on  each 
other  fo  powerfully  that  the  colour  foon 
changes  from  a yellow  to  an  orange,  and  laftly 
to  a dirty  olive.  Copper  is  equally  altered  by 
the  coloured  enamels,  fo  that  gold  is  the  only 
metal  which  can  bear  the  long  contaCl  of  the 
coloured  glafles  at  a full  red  heat,  without  being 
altered  by  them. 

The  fimpleft  kind  of  enamel  is  that  fine 
white  opake  glafs  which  is  applied  to  the  dial- 
plate  of  watches.  The  procefs  of  laying  it  oil 
(which  may  ferve  as  a general  example  of  the 
art)  is  the  following  : 

A piece  of  thin  copper  fheet  hammered  of 
the  requifite  convexity  is  firft  accurately  cut 
out,  a hole  drilled  in  the  middle  for  the  axis  of 
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the  hands,  and  both  the  furfaces  made  perfectly 
bright  with  a fcratch  brufh. 

A fmall  rim  is  then  made  round  the  circum-. 
ference  with  a thin  brafs  band  rifmg  a little 
above  the  level,  and  a fimiiar  rim  round  the 
margin  of  the  central  hole.  The  ufe  of  thefe  is 
to  confine  the  enamel  when  in  fufion,  and  keep 
the  edges  of  the  plate  quite  neat  and  even.  The 
fubftance  of  the  enamel  is  a fine  white  opake 
glafs,  the  material  of  which  will  be  prefently 
mentioned.  This  is  bought  in  lump  by  the 
enamellers,  and  is  firft  broken  down  with  a 
hammer,  then  ground  to  a fufliciently  fine 
powder,  with  fome  water  in  an  agate  mortar ; 
the  fuperfluous  water  being  then  poured  off,  the 
pulverized  enamel  remains  of  about  the  confift- 
ence  of  wetted  fand,  and  is  fpread  very  evenly 
over  the  furface  of  the  copper  plate  by  many 
dexterous  manipulations.  On  moil  enamellings, 
and  efpecially  on  this  it  is  neceflary  alfo  to 
counter  enamel  the  under  or  concave  furface 
of  the  copper  plate  to  pi-event  its  being  drawn 
out  of  its  true  fhape  by  the  unequal  fhrinking 
of  the  metal  and  enamel  on  cooling.  For  this 
kind  of  work  the  counter-enamel  is  only  about 
half  the  thicknefs  on  the  concave  as  on  the 
convex  fide.  For  flat  plates  the  thicknefs  is  the 
fame  on  both  Tides. 

The  plate  covered  with  the  moifi:  enamel 
powder  is  warmed  and  thoroughly  dried,  then 
gently  fet  upon  a thin  earthen  ring  that  fup- 
ports  it  only  by  touching  the  outer  rim,  and 
put  gradually  into  the  red-hot  muffle  of  the 
enameller’s  furnace.  This  furnace  is  conftru&ed 
fomewhat  like  the  aflay  furnace,  but  the  upper 
part  alone  of  the  muffle  is  much  heated,  and 
fome  peculiarities  are  obferved  in  the  conftruc- 
tion  to  enable  the  artift  to  govern  the  fire  more 
accurately. 

The  precife  degree  of  fire  to  be  given  here  as 
in  all  enamelling,  is  that  at  which  the  particles 
of  the  enamel  run  together  into  an  uniform 
pafty  confiftence,  and  extend  themfelves  evenly 
over  the  furface  fhewing  a fine  polifhed  face, 
carefully  avoiding  on  the  other  hand  fo  great  a 
heat  as  would  endanger  the  melting  of  the  thin 
metallic  plate.  When  the  enamel  is  thus  feen 
to  fweat  down,  as  it  were,  to  an  uniform  glofly 
glazing,  the  piece  is  gradually  withdrawn  and 
cooled,  otherwife  it  would  fly  by  the  aftion  of 
the  cold  air. 

A fecond  coating  of  enamel  is  then  laid  on 
and  fired  as  before,  but  this  time  the  fineft 
powder  of  enamel  is  taken,  or  that  which  rer 
(Cains  fufpended  in  the  walkings.  It  is  then 


ready  to  receive  the  figures  and  divifion  marks, 
which  are  made  of  a black  enamel,  ground  in 
an  agate  mortar  with  much  labour  to  a moft 
impalpable  powder,  worked  up  on  a pallet  with 
oil  of  lavender,  or  fpike,  and  laid  on  with  an 
extremely  fine  hair  brufn.  The  plate  is  then 
lloved  to  evaporate  the  eflential  oil,  and  the 
figures  burnt  in  as  before.  The  poliihing  with 
tripoli  and  minuter  parts  of  the  procefs  need 
not  be  here  mentioned. 

If  the  enamel  be  chipped  off  a dial  plate 
(which  may  be  done  with  the  utmoft  eafe  by 
bending  it  backwards  and  forwards,  as  the  ad- 
hefion  between  the  metal  and  glazing  is  very 
flight)  the  part  immediately  in  contadb  with  the 
copper  will  be  found  deeply  and  nearly  uni- 
formly browned,  which  fhews  how  unfit  copper 
alone  would  be  for  the  tranfparent  enamels. 

The  regulation  of  the  fire  appears  to  be  the 
mod  difficult  of  all  the  parts  of  this  nice  pro- 
cefs, particularly  in  the  fine  enamelling  of  gold 
for  ornamental  purpofes,  of  defigns,  miniatures 
and  the  like,  where  three,  four,  or  fometimes 
five  feparate  firings  are  required.  If  the  heat 
is  too  low  the  enamel  does  not  fpread  and 
vitrify  as  it  ought ; if  too  high,  it  may  be 
enough  to  melt  the  metal  itfelf,  whofe  fufing 
point  is  but  a fmall  ftep  above  that  of  the  ena- 
mel, or  elfe  (what  is  an  equal  mortification  to 
the  artift)  the  delicate  figures,  laid  on  with  fo 
much  care  and  judgment,  melt  down  in  a mo- 
ment, and  the  piece  exhibits  only  a confufed 
aflemblage  of  lines  and  fragments  of  defigns. 

The  exa£t  compofition  of  the  opake  white 
enamel  is  a matter  of  confiderable  importance, 
and  is  procured  by  the  enamellers  from  perfons 
whofe  bufinefs  it  is  to  prepare  it.  A good 
enamel  of  this  kind,  fit  to  be  applied  both  to 
porcelain  and  metals,  fhould  be  of  a very  clear 
fine  white,  fo  nearly  opake  as  only  to  be  tranf- 
lucent  at  the  edges,  and  at  a moderate  red  heat 
it  fhould  run  into  that  kind  of  pafte,  or  im- 
perfedl  fufion  which  allows  it  to  extend  itfelf 
freely  and  uniformly,  and  to  acquire  a glofly 
even  furface,  without  however  fully  melting 
into  a thin  glafs.  The  opake  white  of  this 
enamel  is  given  by  the  oxyd  of  tin,  which  pof- 
fefles,  even  in  a fmall  proportion,  the  property 
of  rendering  vitrefeent  mixtures  white  and 
opake,  or  in  ftill  lefs  proportion,  milky,  and, 
when  otherwife  coloured,  opalefcent.  The  oxyd 
of  tin  is  always  mixed  with  three  or  four  times 
its  quantity  of  oxyd  of  lead,  and  it  appears  ne- 
ceflary that  the  metals  fhould  be  previoufly 
mixed  by  melting,  and  the  alloy  then  calcined. 
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The  following  are  the  directions  given  by 
Clouet  for  the  compofition  of  this  enamel.1 
Mix  ioo  parts  of  pure  lead  with  from  20  to 
25  of  the  belt  tin,  and  bring  them  to  a low  red 
heat  in  an  open  veffel.  The  mixture  then  burns 
nearly  as  rapidly  as  charcoal  and  oxidates  very 
fall.  Skim  off  the  crufts  of  oxyd,  fucceflively 
formed,  till  the  whole  is  thoroughly  calcined. 
It  is  better  then  to  mix  all  the  fkimmings  and 
again  heat  as  before  till  no  flame  arifes  from 
them,  and  the  whole  is  of  an  uniform  grey  co- 
lour. Take  100  parts  of  this  oxyd,  100  of  land, 
and  25  or  30  of  common  fait,  and  melt  the 
whole  in  a moderate  heat.  This  gives  a greyilh 
mats,  often  porous  and  apparently  imperfed, 
but  which  however  runs  to  a good  enamel  when 
afterwards  heated.  This  is  the  enamel  ufed 
for  porcelain,  but  for  metals  and  finer  works 
the  fand  is  previoufly  calcined  in  a very  ftrong 
heat  with  a fourth  of  its  weight,  or,  if  a more 
fufible  compound  is  wanted,  as  much  of  the 
oxyd  of  tin  and  lead  as  of  fait,  is  taken,  and  the 
whole  melted  to  a white  porous  mafs.  This  is 
then  employed  inftead  of  the  rough  fand  as  in 
the  above-mentioned  procefs.  The  above  pro- 
portions however  are  not  invariable,  for  if  more 
fufibility  is  wanted  the  dofe  of  oxyd  is  en- 
creafed,  and  that  of  the  fand  diminilhed,  the 
quantity  of  common  fait  remaining  the  fame. 
The  fand  employed  in  this  procefs  according  to 
M.  Clouet  is  not  the  common  fort  however  fine, 
but  a micaceous  fand,  in  which  the  mica  forms 
about  one-fourth  of  the  mixture. 

Neri  in  his  valuable  treatife  on  glafs-making 
has  given  long  ago  the  following  proportions 
for  the  common  material  of  all  the  opake  ena- 
mels, which  Kunckel  and  other  praftical  che- 
mifts  have  confirmed.  Calcine  30  parts  of  lead 
with  33  of  tin,  with  the  precautions  mentioned 
above.  Take  of  this  calcined  mixed  oxyd  50  lb. 
and  as  much  of  powdered  flints  (prepared  by 
being  thrown  into  water  when  red-hot,  and 
then  ground  to  powder)  and  8 ounces  of  fait  of 
tartar,  melt  the  mixture  in  a ftrong  fire  kept  up 
for  10  hours,  after  which  reduce  the  mafs  to 
powder.  This  is  the  common  material  for  the 
opake  enamels,  and  is  of  a grey  white.  To 
make  this  fine  enamel  quite  white,  mix  6 lb.  of 
this  material  with  48  grains  of  the  beft  black 
oxyd  of  manganefe,  and  melt  in  a clear  fire. 
When  fully  fufed  throw  it  into  cold  water,  then 
remelt  and  cool  as  before  two  or  three  times 
till  the  enamel  is  quite  white  and  fine.  Kunckel 
obferves  on  this  procefs,  that  he  tried  it  without 
the  oxyd  of  manganefe,  but  the  enamel  inftead 
Of  being  milk-white  was  blueiih  and  not  good, 


fo  that  there  is  no  doubt  but  that  this  oxyd  is 
highly  important.  If  too  much  is  ufed  the 
enamel  becomes  of  a rofe-purple.  For  further 
o'bfervations  on  the  ufe  of  manganefe  in  vitref- 
cent  mixtures,  fee  the  article  Glass. 

Coloured  enamels  are  compofed  of  a common 
bafis,  which  is  a fufible  mixture  of  vitrifiablc 
materials,  and  of  fome  metallic  oxyd.  In  general 
the  coloured  enamels  are  required  to  be  trans- 
parent, in  which  cafe  the  bafis  is  a kind  of  glafs 
compofed  of  borax,  fand,  and  oxyd  of  lead,  or 
other  vitrefcent  mixtures,  in  which  the  propor- 
tion of  l'aline  or  metallic  flux  is  more  or  lefs  ac- 
cording to  the  degree  of  heat  that  the  colouring 
oxyd  will  bear  without  decompofition.  When 
the  coloured  enamel  is  to  be  opake  or  opalefcent, 
a certain  portion  of  the  white  opake  enamel,  of 
of  the  oxyd  of  tin,  is  added  to  the  mixture.  The 
moft  beautiful  and  coftly  colour  known  in  ena- 
melling is  an  exquifitely  fine  rich  red  with  a pur- 
plifh  tinge,  given  by  the  falts  and  oxyds  of  gold, 
efpecially  the  purple  precipitate  formed  by  tin 
in  one  form  or  other,  and  nitro-muriat  of  gold, 
and  alfo  by  the  fulminating  gold.  This  beauti- 
ful colour  requires  much  fkill  in  the  artift  to 
be  fully  brought  out.  It  is  faid  that  -when  moft 
perfeft  it  fhould  come  from  the  fire  quite  co- 
lourlefs,  and  afterwards  receive  its  colour  by 
the  flame  of  a candle.  Gold  colours  will  not 
bear  a violent  fire. 

Other  and  commoner  reds  are  given  by  the 
oxyd  of  iron,  but  this  requires  the  mixture  of 
alumine  or  feme  other  fubftance  refradtory  in 
the  fire,  otherwife  at  a full  red  heat  the  colouf 
will  degenerate  into  black. 

Yellow  is  given  either  by  the  oxyd  of  filver 
alone,  or  by  the  oxyds  of  lead  and  antimony, 
with  fimilar  mixtures  to  thofe  required  for  iron. 
The  filver  is  as  tender  a colour  as  gold,  and 
readily  injured  or  loft  in  a high  heat. 

Green  is  given  by  the  oxyd  of  copper,  or  it 
may  alfo  be  produced  by  a mixture  of  blue  and 
yellow  colours. 

Blue  is  given  by  cobalt,  and  this  feems  of  all 
enamel  colours  the  moft  certain,  and  eafily 
manageable. 

Black  is  produced  by  a mixture  of  cobalt  and 
manganefe. 

Under  the  article  of  coloured  Glasses  this 
fubjedt  will  be  noticed  more  at  length. 

The  reader  may  conceive  how  much  the  diffi- 
culties of  this  nice  art  are  increafed  when  the 
object  is  not  merely  to  lay  an  uniform  coloured 
glazing  on  a metallic  furface,  but  alfo  to  paint 
that  furface  with  figures  and  other  defigns  that 
require  extreme  delicacy  of  outline,  accuracy  of 
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fhading,  and  feleftion  of  colouring.  The  enamel 
painter  has  to  work,  not  with  aCtual  colours,  but 
with  mixtures  which  he  only  knows  from  ex- 
perience will  produce  certain  colours  after  the 
delicate  operation  of  the  fire ; and  to  the  com- 
mon {kill  of  the  painter  in  the  arrangement  of 
his  pallet  and  choice  of  his  colours  the  enamel- 
ler  has  to  add  an  infinite  quantity  of  practical 
knowledge  of  the  chemical  operation  of  one 
metallic  oxyd  on  another,  the  fufibility  of  his 
materials,  and  the  utmoft  degree  of  heat  at 
which  they  will  retain  not  only  the  accuracy  of 
the  figures  which  he  has  given,  but  the  precife 
{hade  of  colour  which  he  intends  to  lay  on. 

Painting  in  enamel  requires  a fucceflion  of 
firings  ; firft  of  the  ground  which  is  to  receive 
the  defign,  and  which  itfelf  requires  two  firings, 
and  then  of  the  different  parts  of  the  defign 
itfelf.  The  ground  is  laid  on  in  the  fame  gene- 
ral way  as  the  common  watch-face  enamelling 
already  defcribed.  The  colours  are  the  different 
metallic  oxyds  melted  with  fome  or  other  vitref- 
cent  mixture  and  ground  to  extreme  finenefs. 
Thefe  are  worked  up  with  an  eflential  oil  (that 
of  fpike  is  preferred,  and  next  to  it  oil  of  laven- 
der) to  the  proper  confidence  of  oil  colours,  and 
are  laid  on  with  a very  fine  hair  brufh.  The 
eflential  oil  fhould  be  very  pure,  and  the  ufe  of 
this  rather  than  any  fixed  oil  is  probably  that 
the  whole  may  evaporate  compleatly  in  a mo- 
derate heat,  and  leave  no  carbonaceous  matter 
in  contaCl:  with  the  colour  when  red-hot,  which 
might  affeCI  its  degree  of  oxidation  and  thence 
the  {hade  of  colour  which  it  is  intended  to 
produce. 

As  the  colour  of  fome  vitrified  metallic  oxyds 
(fuch  as  that  of  gold)  will  (land  only  at  a very 
moderate  heat,  whilft  others  will  bear,  and  even 
require,  a higher  temperature  to  be  properly 
fixed,  it  forms  a great  part  of  the  technical  ikill 
of  the  artift  to  apply  the  different  colours  in 
proper  order  •,  fixing  firft  thofe  {hades  which 
are  produced  by  the  colours  that  will  endure 
the  higheft  heat,  and  finifhing  with  thofe  that 
demand  the  leaft  heat.  The  outline  of  the 
defign  is  firft  traced  on  the  enamel,  ground  and 
burnt  in  ; after  which  the  parts  are  filled  up 
gradually  with  repeated  burnings,  to  the  laft 
and  fineft  touches  of  the  tendered:  enamel. 

Tranfparent  enamels  are  fcarcely  ever  laid 
upon  any  other  metal  than  gold,  on  account  of 
the  difcoloration  produced  by  other  metals,  as 
already  explained.  If  however  copper  is  the 
metal  ufed,  it  is  firft  covered  with  a thin  enamel 
coating,  over  which  gold  leaf  is  laid  and  burnt 
in,  fo  that  in  fad:  it  is  ftill  this  metal  that  is  tire 
bafis  of  the  ornamental  enamel. 


With  regard  to  the  vaft  number  of  important 
minutiae  in  the  feleftion  and  order  of  applying 
the  colours,  the  management  of  the  fire,  & c. 
& c.  almoft  the  whole  of  what  is  known  on  this 
fubjeft  is  confined  to  the  pra&ical  artift,  nor 
could  this  knowledge,  if  obtained,  intereft  the 
general  reader. 

ENS  MARTIS.  A name  given  by  the  old 
chemifts  to  fal-ammoniac  fublimed  with  iron 
filings,  and  therefore  confifting  of  muriat  of 
ammonia  mixed  with  a little  muriat  of  iron. 

ENS  VENERIS.  A preparation  fimilar  to 
the  foregoing,  except  that  copper  filings  are 
fubftituted  to  thofe  of  iron. 

EPIDERMIS.  See  Skin. 

EPIDOT.  See  Strahlstein. 

EPSOM  SALT,  See  Splphat  of  Mag- 
nesia. 

ERBSENSTEIN.  See  Limestone. 

ERDOEL.  See  Bitumen. 

ESSAY.  See  Assay. 

ESSENCE.  See  Oil  Eflential. 

ESSENTIAL  SALT.  This  term  feems  to  be 
generally  applied  to  exprefs  any  kind  of  fait  pro- 
cured from  organized  bodies,  particularly  vege- 
tables, by  fimple  extraction  without  any  chemical 
decompofition.  It  is  therefore  fynonimous  with 
native  fait.  Thus  we  have  the  eflential  fait  of 
forrel,  which  is  the  native  fuper-oxalat  of  potafh 
contained  in  the  plant,  and  procured  by  ex- 
preflion,  clarification,  and  evaporation,  all  of 
them  rather  mechanical  than  chemical  procefles. 
The  fupertartrite  of  potafh  is  an  eflential  fait  in 
tamarinds,  the  citric  acid  in  lemons,  the  malic 
acid  in  apples,  and  the  like. 

The  medicinal  virtue  of  plants  was  thought 
formerly  to  refide  peculiarly  in  the  eflential  fait, 
fo  that  a fmall  dofe  of  the  latter  would  be  equi- 
valent to  a proportionally  large  dofe  of  the 
plant  itfelf,  and  hence  the  extraction  of  the 
eflential  falts  was  an  objeCt  of  more  importance 
to  pharmaceutical  chemiftry  than  it  is  at  prefent 
efteemed. 

ETHER.  Ether , Fr.  Aether , Naphte  kunft- 
liche.  Germ. 

Ether  is  a ligjit,  odorant,  inflammable  liquid, 
produced  by  the  aCtion  of  certain  of  the  acids 
upon  alcohol.  Sulphuric  ether  being  the  bed 
known  we  fhall  commence  with  this,  and  pafs 
fucceflively  to  the  reft  of  the  ethers,  referving 
for  the  conclufion  of  the  article  an  examination 
of  the  various  theories  by  which  chemifts  have 
attempted  to  explain  the  rationale  of  this  curious 
and  interefting  procefs. 

* Sulphuric  Ether. 

The  mode  of  preparing  fulphuric  ether  in 
fmall  quantities  is  as  follows.  Take  a tubu- 
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Iated  glafs  retort  of  the  capacity  of  five  quarts 
or  more,  lengthen  its  beak  by  an  adopter  and 
pafs  the  other  end  of  the  adopter  into  a two 
necked  quilled  balloon  receiver ; fix  another 
adopter  into  the  oppofite  neck  of  the  balloon, 
to  which  attach  a common  quilled  receiver, 
placed  in  fuch  a pofition  that  the  quill  inftead 
of  pointing  dire&ly  downwards  as  in  the  firft 
balloon,  (hall  flant  gently  upwards : then  lute 
all  the  junctures  with  linfeed  meal,  except  that 
of  the  retort  to  the  adopter;  adapt  alfo  an  18 
ounce  vial  to  the  quill  of  the  firft  receiver,  and 
loofely  clofe  the  quill  of  the  fecond  with  a fmall 
cork  or  a plug  of  wetted  paper.  The  lute  being 
moderately  dry  and  hard,  withdraw  the  retort 
and  pour  in  through  the  tubular  32  ounces  by 
weight  of  re&ified  alcohol,  and  a like  quantity 
of  concentrated  fulphuric  acid.  This  latter,  on 
account  of  its  fuperior  fpecific  gravity,  will  fall 
immediately  through  the  other  liquid  without 
producing  much  heat ; in  a fhort  time  however 
a confiderable  quantity  of  heat  is  extricated  and 
the  two  fluids  are  to  be  gradually  mixed  by 
communicating  to  them  a gentle  circular  motion. 
When  the  mixture  is  compleat  the  retort  is  to 
be  replaced  in  its  former  pofition,  its  jun&ure 
with  the  adopter  is  to  be  clofed  with  lute,  and 
a pot  of  lighted  charcoal  is  to  be  placed  beneath 
it.  The  firft  impreflion  of  the  fire  drives  over 
a little  highly  dephlegmated  alcohol,  but  as  foon 
as  the  mixture  begins  to  boil,  the  ether  itfelf 
pafles  over  and  condenfes  on  the  fides  of  the 
receiver  in  large  ftreaks : it  is  now  eflentially 
requifite  to  keep  the  receiver  as  cool  as  poflible 
by  the  application  of  wet  cloths  wrung  out  in 
cold  water  and  frequently  renewed,  and  if  this 
is  feduloufly  attended  to,  by  far  the  greater  part 
of  the  ether  will  be  condenfed  in  the  firft  re- 
ceiver, whence  it  will  flow  into  the  vial  beneath, 
a little  however  will  pafs  through  the  fecond 
adopter  into  the  fecond  receiver,  where  it  muft 
be  condenfed  by  the  fame  means  as  have  been 
already  recommended  for  the  firft.  The  con- 
tents of  the  retort  are  to  be  kept  moderately 
boiling  till  fulphureous  acid  gas  begins  to  pafs 
through  the  quill  of  the  fecond  receiver,  which 
may  be  known  at  once  by  its  ftrong  fuffocating 
odour : as  foon  as  this  is  perceived  the  fire  is  to 
be  withdrawn,  and  a minute  or  two  after  the 
vial  is  to  be  detached  from  the  receiver,  and  its 
contents  immediately  poured  into  a ground  ftop- 
pered  bottle ; being  then  replaced  as  before,  the 
procefs  of  diftillation  is  to  be  recommenced  till 
about  four  ounces  more  of  a coloured  liquid  are 
produced,  at  which  time  the  operation,  as  far 
• Lconhardi’*  Macquer,  art  Aether. 


as  the  procuring  of  ether  is  concerned,  is  finilhed. 
The  liquor  laft  procured  confifts  of  two  diftimSt 
fluids  in  nearly  equal  proportions,  of  thefe  the 
lighted  is  an  impure  ether  called  oil  of  wine, 
and  the  heavier  is  water  mixed  with  a little 
ether,  acetous  and  fulphureous  acids.  The  latter 
may  be  feparated  from  the  former  by  inverting 
the  vial  that  contains  them,  and  holding  its 
neck  immerfed  in  water  while  the  warm  hand 
is  applied  to  the  upper  part  of  the  vial : the 
gentle  warmth  thus  communicated  is  fufficient 
to  convert  a little  of  the  ether  into  vapour,  and 
in  confequence  to  expel  the  acidulous  liquor. 
The  whole  produce  according  to  this  mode  of 
proceeding,  from  32  ounces  of  alcohol  and  the 
fame  quantity  of  fulphuric  acid,  is  14  ounces 
of  impure  ether  condenfed  in  the  firft  and 
fecond  receivers,  and  2 ounces  of  oil  of  wine. 
By  fubfequent  re&ification  in  the  manner  here- 
after deferibed,  thefe  x 6 ounces  will  afford  1 1 
ounces  of  a very  pure  and  highly  rectified  ether. 
Some  chemifts  by  way  of  faving  trouble  allow 
the  ether  and  oil  of  wine  to  mix  together  in 
the  receiver,  and  draw  off  exadfly  the  fame 
quantity  of  impure  ether  (18  ounces)  as  in  the 
former  method : this  however  is  injudicious, 
fince  the  quantity  of  redfified  ether  which  it 
yields  is  by  no  means  fo  great  as  when  the  latter 
and  molt  impure  part  of  the  diftillation  is  col- 
lefted  by  itfelf. a 

It  appears  from  the  experiments  of  Dollfufs,b 
and  is  confirmed  by  the  practice  of  thofe  who 
prepare  ether  in  the  large  way,  that  fulphuric 
acid  is  capable  of  converting  into  ether  con- 
fiderably  more  than  its  own  weight  of  alcohol. 
The  experiment  of  this  able  chemift  to  which 
we  particularly  refer  is  the  following.  Having 
mixed  very  flowly  and  gradually  32  ounces  of 
fulphuric  acid,  fp.  gr.  1.98,  with  an  equal  weight 
of  alcohol,  he  diftilled  the  whole  by  a very  gen- 
tle fire.  The  firft  ten  ounces  that  came  over 
were  dephlegmated  alcohol  combined  with  fome 
ether,  the  anodyne  liquor  of  Hoffman ; the 
next  portion  amounting  to  twelve  ounces  was 
impure  ether ; after  this  were  obtained  two 
ounces  more  of  impure  ether  contaminated  by 
fulphureous  acid  : the  diftillation  was  carried  on 
ftill  further  in  order  to  dephlegmate  the  ful- 
phuric acid,  till  three  ounces  of  a weak  acidulous 
liquor  mixed  with  a little  thick  oil  were  driven 
over.  To  the  concentrated  acid  now  remaining 
in  the  retort  were  added  24  ounces  of  alcohol, 
and  the  diftillation  was  recommenced  as  before ; 
the  firft  feven  ounces  that  were  colledfed  were 
anodyne  liquor  like  the  former,  the  next  ten 
* Pharmaceutifch-chemifche  erfahrungen. 
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ounces  were  impure  ether,  after  which  came 
two  ounces  more  contaminated  by  fulphureous 
acid.  The  refidual  acid  in  the  retort  was  again 
dephlegmated  by  driving  over  five  ounces  of 
acidulous  liquor,  and  a third  dofe  of  alcohol 
amounting  to  twenty  ounces  was  added ; from 
this  were  obtained  fix  ounces  of  anodyne  liquor, 
4 ounces  of  ether,  one  ounce  of  fulphureous 
ether,  and  four  ounces  of  weak  acidulous  liquor 
with  a little  oil  of  wine.  Laftly,  twenty  ounces 
more  of  alcohol  were  added  and  yielded  5 ounces 
of  anodyne  liquor,  8 ounces  of  ether,  one  ounce 
of  fulphureous  ether,  and  the  refidue  being 
loaded  with  charcoal  fwelled  up  fo  much  as 
to  render  its  further  concentration  impoflible. 
There  were  thus  procured  from  32  ounces  of 
fulphuric  acid  ami  96  ounces  of  alcohol,  28 
ounces  of  anodyne  liquor,  34  ounces  of  impure 
ether,  and  6 ounces  ftill  further  contaminated 
by  fulphureous  acid ; the  two  laft  products, 
amounting  to  40  ounces,  yielded  28  ounces  of 
highly  reClified  ether.  The  fulphuric  acid  re- 
maining in  the  retort  was  quite  thick  and  black 
in  confequence  of  the  charcoal  depofited  from 
the  decompofition  of  the  alcohol,  but  being 
filtered  through  pounded  glafs  and  afterwards 
reftified  by  diftillation,  afforded  above  19  ounces 
of  colourlefs  fulphuric  acid  ; fp.  gr.  1.72. 

Having  thus  afcertained  that  fulphuric  acid 
was  capable  of  etherizing  a much  larger  pro- 
portion than  its  own  weight  of  alcohol,  it  be- 
came a matter  of  fome  confequence  to  difcover 
whether  by  adding  the  whole  quantity  of  alcohol 
at  once,  an  equal  produce  of  ether  could  be 
obtained  as  when  the  procefs  was  divided  into 
four  diftinft  diftillations.  For  this  purpofe  M. 
Dollfufs  mixed  at  once  32  ounces  of  fulphuric 
acid  of  the  fame  fpecific  gravity  as  in  the  former 
experiment,  with  96  ounces  of  alcohol,  and  pro- 
ceeded to  diftillation.  The  firft  twelve  ounces 
were  alcohol  but  little  altered,  then  came  34 
ounces  of  impure  ether,  which  by  rectification 
afforded  no  more  than  about  1 1 ounces  of  pure 
ether : the  fucceeding  products  were  weak 
acetous  acid  and  fulphureous  acid.  The  refidue 
in  the  retort,  by  filtration  and  concentration 
yielded  27  ounces  of  fulphuric  acid ; fp.  gr. 
1.66. 

From  thefe  experiments  it  appears  that  the 
following  practical  conclufions  may  be  drawn. 
Firft,  that  by  means  of  repeated  diftillations, 
one  part  of  fulphuric  acid  will  convert  into 
ether  from  two  to  three  times  its  weight  of 
alcohol.  Secondly,  that  the  produce  is  the 
gieateft  when  the  diftillation  is  carried  on  very 


(lowly,  and  no  doubt  the  quantity  of  ether 
would  be  very  much  increafed  if  the  anodyne 
liquor  produced  in  one  diftillation  was  added  to 
the  alcohol  employed  in  the  fucceeding  one. 
Thirdly,  that  when  the  fulphuric  acid  becomes 
fo  thickened  with  the  depofited  charcoal  as  to 
be  incapable  of  being  further  ufed,  a large  pro- 
portion of  it  may  be  recovered  by  filtration 
through  coarfe  fand  or  pounded  glafs,  and  fub- 
fequent  concentration. 

Ether  when  frelh  diftilled  is  contaminated  by 
fulphureous  and  acetous  acids  and  a little  co- 
loured oil ; in  confequence  of  which  it  is  necef- 
fary  to  have  recourfe  to  rectification  in  order  to 
purify  it.  This  is  generally  done  by  adding  to 
the  ether  fucceflive  portions  of  cauftic  potafh  or 
foda  diffolved  in  water,  and  (baking  together 
the  two  fluids  in  a well  clofed  bottle  after  each 
addition  of  alkali,  till  the  odour  of  fulphureous 
acid  is  totally  deftroyed,  the  contents  of  the 
bottle  are  then  to  be  poured  into  a retort,  and 
on  the  application  of  a very  gentle  heat,  never 
amounting  to  ebullition,  the  ether  will  pafs  into 
the  receiver  in  a ftate  of  great  purity,  leaving 
behind  it  a watery  faline  liquor  covered  with  a 
thin  film  of  brownifh  yellow  oil.  When  the 
ether  is  wanted  for  very  delicate  chemical  ex- 
periments it  may  be  again  agitated  with  — of 
its  weight  of  alkaline  ley,  and  diftilled  in  a heat 
not  exceeding  ioo°  Fah.  the  firft  f of  the  ether, 
being  abfolutely  pure,  is  to  be  faved  apart. c 
When  ether  is  to  be  rectified  with  peculiar  care, 
Scheele  d recommends  that  the  alkali  employed 
for  this  purpofe  (hould  be  diffolved  in  alcohol 
inftead  of  water  : the  advantage  of  this  is  that 
no  fpontaneous  feparation  of  the  liquors  takes 
place,  and  therefore  the  fulphureous  and  acetous 
acids  are  neutralized  and  feparated  with  greater 
certainty.  Diftillation  at  a gentle  heat  will 
readily  feparate  the  ether  from  the  other  in- 
gredients. A cheap  and  very  effectual  method 
of  rectifying  ether  is  the  following,  firft  em- 
ployed by  Mr.  Woulfe  : “ Fill  three-fourths  of 
“ a bottle  wuth  the  impure  ether,  add  a little 
“ water  and  a portion  of  flacked  lime.  Agitate 
“ the  bottle  with  violence,  and  keep  it  for  fome 
“ time  in  water  before  taking  out  the  cork.  If 
“ the  fmell  of  the  fulphureous  acid  be  not  re- 
“ moved,  add  a little  more  lime  and  agitate  a 
“ fecond  time.  Decant  off  the  ether  into  a 
“ receiver  and  diftil  it  over.”  e 

Another  very  cheap  and  ingenious  procefs  was. 
invented  by  Pelletier.  f It  confifts  merely  in  add- 
ing to  the  impure  ether  a little  finely  pulverized 
black  oxyd  of  manganefe:  the  mixture  being 
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corked  up  in  a bottle  or  flafk  is  to  be  well  fhaken 
together  four  or  five  times  a day  for  the  fpace 
of  a week,  at  the  end  of  which  time  the  ful- 
phureous  acid,  being  firft  converted  into  the  ful- 
phuric  by  part  of  the  oxygen  of  the  manganefe, 
is  found  combined  with  the  metallic  oxyd  into 
fulphat  of  manganefe,  from  which  the  ether 
may  be  poured  off  quite  pure  without  the  necef- 
fity  of  re-diftillation.  M.  Dize’s  method  s is 
the  fame  as  the  above,  except  that  he  feparates 
the  ether  by  diftillation,  which  is  probably  an 
improvement. 

Rectified  fulphuric  ether  exhibits  the  follow- 
ing properties.  It  is  a tranfparent  colourlefs 
liquor,  of  a peculiar  and  to  moft  perfons  an 
agreeably  fragrant  odour  and  a hot  penetrating 
and  fomewhat  fuffocating  tafte.  Its  fpecific 
gravity,  according  to  Lavoifier,  is  = 0.753.  It 
is  volatilizable  more  rapidly  and  at  a lower  tem- 
perature than  any  other  liquid,  a confiderable 
proportion  being  loft,  efpecially  in  warm  wea- 
ther, by  merely  pouring  it  from  one  vial  into 
another : hence  the  veffels  in  which  it  is  pre- 
ferved  ought  to  be  very  accurately  clofed,  and 
for  further  fecurity  are  often  kept  inverted  in 
cold  water.  It  boils  at  98°  under  the  ufual 
atmofpherical  preffure,  and  at  20°  in  vacuo. 

The  elaftic  force  of  the  vapour  of  ether  whofe 
boiling  point  at  29.75  bar.  is  102®  Fahr.  has  been 
examined  by  Mr.  Dalton  h with  the  following 
refults.  At  62°  its  force  is  equal  to  the  preffure 
of  12.75  inches  of  Mercury;  at  102°  equal  to 
30  inches;  at  1470  equal  to  64.75  inches;  and 
at  2120  equal  to  137.67  inches. 

Owing  to  the  extraordinary  rapidity  with 
which  ether  evaporates,  it  poffeffes  a very  great 
power  of  refrigeration  : this  is  made  obvious  to 
tire  feeling  by  pouring  a little  into  the  palm  of 
the  hand ; it  is  almoft  inftantly  volatilized,  and 
the  hand  becomes  painfully  cold.  Another 
ftriking  experiment  to  the  fame  purpofe  is  the 
following.  Fallen  a little  fine  tow  by  means  of 
a thread  round  the  naked  bulb  of  a mercurial 
thermometer,  and  fufpend  it  before  the  nozle 
of  a double  bellows,  then  pour  fome  ether  on 
the  bulb  fo  as  to  foak  the  tow  thoroughly,  and 
immediately  dired  upon  it  a continued  ftream 
of  air  from  the  bellows,  renewing  the  ether  as 
foon  as  it  is  evaporated  : by  this  management  at 
any  common  temperature  of  the  atmofphere, 
the  mercury  in  the  thermometer  will  in  about 
a minute  be  lowered  to  o°  Fah.  Ether,  not- 
withftanding  its  ready  volatility,  is  capable  of 
being  congealed  at  a low  temperature.  If  a 
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fmall  matrafs  full  of  this  fluid  is  cooled  down 
to  — 25°  Fah.  by  a mixture  of  fnow  and  muriat 
of  lime,  and  kept  quiet  in  thefe  circumftances 
for  a few  minutes,  the  liquor  becomes  gradually 
filled  with  brilliant  tranfparent  cryftalline  laminae 
refembling  benzoic  acid  or  oxymuriat  of  pot- 
afh,  and  prefently,  efpecially  at  a^  fomewhat 
lower  temperature,  the  whole  is  congealed  into 
a white  almoft  inodorous  mafs.  * Ether  is  re- 
markably inflammable,  taking  fire  inftantly  on 
the  near  approach  of  an  ignited  body  : it  burns 
with  a large  white  flame  and  a little  fmoak,  and 
is  refolved  into  water,  carbonic  acid,  and  tt 
minute  quantity  of  charcoal.  When  paffed 
through  a red  hot  earthenware  tube  it  is  entirely 
decompofed,  and  a large  production  of  carbu- 
retted  hydrogen  takes  place.  Ether  remarkably 
increafes  the  bulk  of  any  of  the  permanent  gaf- 
fes to  which  it  is  added,  as  was  firft  obferved 
by  Dr.  Prieftley.  k A fmall  quantity  of  this 
fluid  being  mixed  with  oxygen  confined  over 
mercury,  exadly  doubled  its  bulk,  nor  could 
any  additional  portion  occafion  a further  dila- 
tation ; nearly  the  fame  effed  took  place  with 
atmofpheric  air,  azot,  hydrogen,  nitrous  gas, 
and  carbonic  acid,  but  by  a flight  agitation  in 
water  the  ether  was  abforbed  and  the  gas  re- 
fumed its  former  dimenfions  unaltered  in  any 
of  its  properties.  If  oxygen  gas  thus  dilated 
by  ether  is  fet  fire  to,  it  burns  rapidly  but  does 
not  explode,  but  if  one  part  of  this  mixture  is 
added  to  three  parts  of  oxygen,  an  ignited  body 
or  the  eledric  fpark  then  produces  a dreadful 
explofion,  the  produds  of  which  are  water  and 
2i  parts  of  carbonic  acid  gas.  Hence  it  appears 
that  one  part  of  ether  requires  about  7,  or  more 
corredly  6.8  of  oxygen  for  its  faturation,  the 
produds  being  water  with  4.6  carbonic  acid, 
the  proportion  therefore  of  carbon  to  hydrogen 
in  fulphuric  ether  is  nearly  as  5 to  1.  1 

Water  and  ether  appear  to  combine  with 
each  other  in  two  different  proportions : if  equal 
parts  of  thefe  fluids  are  (haken  together  in  a 
graduated  tube,  the  ether  will  be  found  to  have 
diminifhed  in  bulk  about  TV,  and  the  water  to 
have  enlarged  in  nearly  the  fame  proportion  ; 
the  lower  fluid  confifts  of  water  faturated  with 
ether,  and  the  upper  fluid  is  ether  combined 
with  a little  water.  The  ether  in  this  ftate  is 
faid  to  be  wa/hed,  and  acquires  in  confequence 
fome  properties  that  pure  ether  does  not  poffefs; 
in  particular  it  is  now  capable  of  diffolving 
caoutchouc  with  great  eafe,  whereas  this  fub- 
ftance  is  aded  on  by  pure  ether  only  in  a very 

564.  * Vauquelin.  An.de  Chim.  xxbc.  p.  287, 
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!mperfe&  manner.  Phofphovus  is  foluble  in 
ether,  but  the  folution  is  not  luminous : when 
ether  is  boiled  on  phofphorus,  it  often  depofits 
cryftals  by  cooling  ;m  agitation  with  water  pro- 
duces no  apparent  change  in  this  liquid,  but 
the  addition  of  a little  alcohol  occafions  an 
immediate  turbidnefs,  whence  the  fophiftica- 
tion  of  ether  by  alcohol  may  be  dete&ed  by 
mixing  a few  drops  of  it  with  phofphorized 
ether.  n The  fixed  alkalies  feem  to  be  incapable 
of  uniting  with  ether,  but  ammoniacal  gas  is 
abforbed  by  it  very  copioufiy:  the  fame  may  be 
obferved  of  nitrous  gas,  but  neither  of  tliefe 
combinations  have  as  yet  been  lubmitted  to 
chemical  examination.  Sulphuric  acid  a£ls  on 
ether  with  confiderable  energy,  efpecially  when 
aflifted  by  a gentle  heat ; it  is  converted  into 
a brownilh  oily  fluid  much  heavier  than  ether, 
called  oil  of  wine,  and  at  a higher  temperature 
is  changed  into  olefiant  gas.  With  regard  to 
the  aftion  of  oxymuriatic  acid  on  ether  a cu- 
rious experiment  is  related  by  Mr.  Cruiklhank. 
“ If  we  fill  a bottle  of  the  capacity  of  three  or 
“ four  pints  with  the  pure  oxygenated  muriatic 
tf  acid  gas,  taking  care  to  expel  the  water  as 
te  completely  as  poflible,  and  then  throw  into  it 
about  a drachm  or  half  a drachm  of  good  ether, 
covering  its  mouth  immediately  with  a piece 
of  light  wood  or  paper ; in  a few  feconds 
“ white  vapour  will  be  perceived  moving  cir- 
cularly  in  the  bottle,  this  will  foon  be  fol- 
“ lowed  by  an  explofion  accompanied  by  flame, 
“ at  the  fame  time  a very  confiderable  quan- 
“ tity  of  carbon  will  be  depofited,  and  the  bottle 
" will  be  found  to  contain  carbonic  acid  gas.” 
Nitric  acid  excites  a confiderable  effervefcence 
with  ether,  and  feems  to  convert  it  into  oil  of 
wine.  The  eflential  oils  are  foluble  in  ether, 
and  it  combines  with  alcohol  in  almoft  all  pro- 
portions. 

**  Nitrous  Ether. 

Although  Nitrous  ether  appears  to  have  been 
known  to  Bafil  Valentine  and  Kunckel,  yet  the 
mode  of  its  preparation  being  kept  a fecret  it 
foon  ceafed  to  be  attended  to  by  chemifts,  till 
in  the  year  1 740  it  was  re-difcovered  by  Du- 
hamel,  and  afterwards  more  particularly  de- 
fer ibed  by  Navier,  Sebaftiani,  and  others. 

It  was  prepared  by  Navier  in  the  following 
manner.  Put  12  ounces  of  redtified  alcohol 
into  a ftrong  bottle,  and  add  to  it  gradually,  and 
at  intervals  8 ounces  of  ftrong  nitric  acid  : after 
each  portion  of  acid  the  liquors  are  to  be  well 
mixed  by  agitation,  and  the  bottle  is  to  be 
kept  clofe  corked  and  immerfed  up  to  its  neck 

• Mrs.  Fuli.atr.e  on  Combultion,  p.  41, 


in  ice  and  water.  When  the  whole  of  the  acid 
is  added,  the  bottle  is  to  be  well  corked  and 
further  fecured  by  a leather  cap.  A ftratum  of 
ether  rifes  by  degrees  to  the  furface  of  the  li- 
quor, and  after  five  or  fix  days  the  cork  is  to 
be  pierced  by  a needle  in  order  to  let  out  the 
nitrous  gas  formed  during  the  procefs  : this  gas 
having,  efcaped  the  cork  is  to  be  drawn,  and  the. 
whole  contents  of  the  bottle  being  poured  into 
a feparatory  funnel,  the  ether  is  thus  procured 
unmixed  with  the  heavier  fluid  on  which  it 
floats.  This  is  however  a very  rude  way  of 
proceeding,  and  is  attended  with  the  utmoft  rilk 
to  the  apparatus,  the  ether  obtained  is  alfo  in 
fmall  quantity  and  very  impure.  A fafer  and 
more  economical,  but  fomewhat  tedious  mode 
of  proceeding  was  invented  by  Dr.  Dehne.® 
He  luted  a tubulated  retort  to  a large  receiver, 
and  poured  into  the  retort  32  ounces  of  alcohol, 
to  which  he  added  every  four  hours  half  an 
ounce  of  fuming  nitrous  acid  drop  by  drop. 
When  twelve  ounces  and  a half  had  been  thus 
poured  in,  the  mixture  began  to  bubble  but 
without  much  heat,  and  an  ounce  of  ether 
came  over  into  the  receiver.  After  this  two 
drachms  of  the  acid  only  were  added  morning 
and  evening : on  the  eighth  day  after  the  com- 
mencement of  the  procefs  a ftratum  of  greenilh 
ether  appeared  on  the  furface  of  the  liquor  in 
the  retort,  which  being  removed  on  the  twelfth 
day  (at  which  period  21  ounces  of  acid  had 
been  added  to  the  alcohol)  was  found  to  amount 
to  17  ounces.  The  daily  addition,  of  two 
drachms  of  acid  was  ftill  continued  till  it  fell  to 
the  bottom  in  the  form  of  green  bubbles,  indi- 
cating the  faturation  of  the  alcohol ; at  this  time 
eight  ounces  and  three  drachms  more  of  ether 
were  feparated,  amounting  in  the  whole  to  26 
ounces  and  3 drachms ; the  refiduum  weighed 
28  ounces,  and  the  lofs  of  weight  during  the 
entire  procefs  amounted  to  5 ounces. 

In  order  to  prevent  the  violent  and  rapid 
action  of  the  concentrated  acid  on  the  alcohol, 
which  is  the  chief  difficulty  in  the  preparation 
of  nitrous  ether,  Dr.  Black  propofed  to  inter- 
pofe  a thin  ftratum  of  pure  water,  and  Fifcher 
on  the  fame  principle  made  ufe  of  a little  weak 
fpirit  of  nitre  for  a fimilar  purpofe.  M.  Doll- 
fufs  from  a careful  repetition  of  this  latter  pro- 
cefs obtained  the  following  refult.  Upon  two 
ounces  of  ftrong  nitric  acid  he  poured  fix 
drachms  of  the  fame  very  much  diluted,  and 
upon  this  three  ounces  of  rectified  alcohol. 
The  vial  was  loofely  corked  and  fuffered  to 
ftand  undifturbed  for  three  days : at  this  tim» 
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the  lower  liquor  appeared  perfe&ly  homogene- 
ous with  a ftratum  of  ether  floating  above  it. 
The  whole  being  put  into  a retort  and  fubjedhed 
to  a gentle  heat,  there  was  obtained  two  ounces 
and  a drachm  of  very  pure  ether  unmixed  with 
any  acid,  and  the  refidue  in  the  retort  confided 
of  weak  acetous  acid  mixed  with  oxalic  acid, 
nearly  the  whole  of  the  nitrous  acid  having  been 
decompofed. 

Another  equally  eligible  method  of  preparing 
nitrous  ether  was  invented  by  Chaptal,  and  has 
Cnee  in  fome  refpedhs  been  improved  by  Proud: : 
It  confids  in  fird  putting  together  an  apparatus 
confiding  of  a tubulated  retort  and  two  balloon 
receivers,  each  furnifhed  with  a tube  of  fafety, 
and  the  whole  terminated  by  three  Woulfe  bot- 
tles ; 32  ounces  of  alcohol  are  then  to  be  poured 
into  the  retort,  and  the  Woulfe  bottles  are  like- 
wife  to  be  half  filled  with  alcohol : nitric  acid  is 
then  to  be  poured  by  degrees  into  the  retort  till 
it  amounts  to  24  ounces  ; and  then  the  tubulurc 
being  clofed  by  its  Copper  a gentle  heat  is  to  be 
applied  r both  nitrous  gas  and  ether  are  rapidly 
difengaged,  the  latter  of  which  is  in  part  con- 
denfed  in  the  receivers,  but  principally  in  the 
Woulfe  bottles  where  it  floats  on  the  furface  of 
the  alcohol.  Dollfufsp  has  repeated  this  pro- 
cefs  in  a Ampler  apparatus  with  the  following 
refults.  Into  a tubulated  retort  containing  three 
ounces  of  alcohol  he  dropped  one  drachm  of 
nitrous  acid,  repeating  this  at  fhort  intervals  till 
the  quantity  amounted  to  two  ounces.  Then 
diddling  this  mixture  by  a gentle  fire  he  ob- 
tained two  ounces  and  a drachm  of  ether : the 
refiduum  weighed  two  ounces,  from  which  he 
procured  by  a fecond  didillation  one  ounce  of  a 
weak  acetous  acid:  from  the  refidue  by  the  ad- 
dition of  a little  more  nitrous  acid,  there  fepa- 
rated  by  cryftallization  one  drachm  and  15  grains 
of  oxalic  acid. 

The  lad  mode  by  which  nitrous  ether  maybe 
prepared  that  we  fhall  mention,  and  which  on 
the  whole  appears  to  be  the  bed,  confids  in 
mixing  together  alcohol  and  fulphuric  acid,  and 
pouring  the  liquor  upon  pulverized  nitre ; the 
fulphuric  acid  difengages  the  nitrous  acid  which 
immediately  aids  on  the  alcohol,  and  ether  is 
the  refult.  The  able  chemid  whom  we  have 
already  mentioned  has  fhewn  the  excellence  of 
this  mode  by  the  following  experiment. q Hav- 
ing put  into  retort  four  ounces  of  perfectly  dry 
and  pulverized  nitre,  he  added  to  it  a mixture 
confiding  of  two  ounces  of  concentrated  ful- 
phuric acid,  and  four  ounces  of  alcohol ; the 
whole  being  fubmitted  to  didillation  there  came 
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over  fird  fix  drachms  of  dulcified  fpirit  of  nitre, 
and  thfen  three  ounces  of  a liquor,  from  which, 
by  fubfequent  re&ification  were  procured  two 
ounces  of  pure  ether. 

Nitrous  ether  when  recently  made  contains 
in  loofe  combination  a confiderable  quantity  of 
nitrous  gas,  which  in  fome  degree  modifies  its 
properties,  and  renders  it  particularly  liable  to 
burd  the  bottles  in  which  it  is  kept,  cfpecially 
in  warm  weather ; another  inconvenience  is, 
that  if  the  bottles  are  not  quite  full  and  clofed 
with  perfedf:  exadtnefs,  the  nitrous  gas  by  the 
abforption  of  the  oxygenous  portion  of  the  air 
is  converted  into  nitrous  acid,  and  in  confe- 
quence  readfs  on  and  dedroys  a part  of  the 
ether,  converting  it  into  water  and  oxalic  acid, 
which  in  proportion  as  they  are  produced  de-. 
feend  to  the  bottom  of  the  vefiel  forming  an 
acid  liquor  on  which  the  red  of  the  ether  floats. 
This  lofs  and  trouble  however  may  be  avoided 
by  rectifying  the  ether,  which  is  done  bed  in  the 
following  way.  Pour  into  a drong  vial  fo  as 
to  fill  it  about  two-thirds,  one  part  of  ether  and 
four  parts  of  pump  water,  and  agitate  it  cau- 
tioufly  at  fird,  and  occafionally  removing  the 
thumb  from  the  mouth  of  the  vial  to  afford  a 
free  paflage  for  the  difengaged  nitrous  gas : 
when  no  more  of  this  air  is  extricated,  add  a 
quantity  of  dry  pearlafh  equal  in  weight  to  the 
ether,  and  {hake  the  whole  well  together  : then 
transfer  the  mixture  into  a tubulated  retort  and 
proceed  to  didillation,  taking  care  that  the  tem- 
perature does  not  exceed  i2o°Fah.:  the  ether 
will  pafs  into  the  receiver  quite  pure,  and  may 
be  kept  for  any  length  of  time  in  drong  well 
clofed  bottles  with  no  more  rifle  of  accidents 
than  fulphuric  ether  is  fubjeCt  to. 

Nitrous  ether  refembles  fulphuric  ether  in 
mod  of  its  properties,  it  has  however  a dilute 
yellow  colour,  and  a fomewhat  different  odour 
and  flavour ; this  appears  to  be  owing  to  a little 
refinous  matter  from  which  it  can  never  be  en- 
tirely freed  : by  repeated  didillation  from  frefh 
parcels  of  dry  white  fugar,  as  Deyeux  has  ob- 
ferved,  this  impurity  may  in  great  part  be  fe- 
parated,  and  in  proportion  as  this  takes  place  the 
ether  becomes  more  and  more  analogous  to  that 
prepared  by  fulphuric  acid. 

Nitrous  ether  appears  capable  of  uniting  with 
nitrous  gas  in  two  proportions : when  the  ether 
is  in  excefs  it  forms  nitrous  ether  in  the  date 
in  which  it  appears  previous  to  rectification  ; 
when  the  nitrous  gas  exceeds  the  ether  it  com- 
pofes  a permanently  eladic  fluid  that  has  ob- 
tained the  name  of  etherized  nitrous  gas . The 
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preparation  of  this  differs  from  that  of  nitrous 
ether  only  in  the  rapidity  with  which  the  acid 
and  alcohol  a£I  on  each  other  : when  the  com- 
bination takes  place  very  flowly  much  ether  and 
little  etherized  gas  is  the  refult,  but  when  the 
contrary  is  the  cafe,  thefe  two  products  are 
formed  in  an  inverfe  proportion.  If  equal  parts 
of  alcohol  and  ftrong  nitrous  acid  are  mixed  to- 
gether at  the  ufual  atmofpheric  temperature,  or 
at  a higher  heat  in  proportion  as  the  acid  is 
diluted,  a very  rapid  and  copious  effervefcence 
takes  place,  a little  ether  is  condenfed  in  the 
receiver,  and  a large  quantity  of  pas  pafles 
through  the  conducting  tube,  the  firft  portions 
of  which  are  etherized  nitrous  gas,  and  the 
latter  part  common  nitrous  gas.  What  re- 
mains in  the  retort  is  acetous  acid  with  a little 
oxalic  acid.  The  properties  of  etherized  nitrous 
gas,  according  to  Van  Deiman  and  his  affociates, 
to  whom  we  are  indebted  for  its  difcovery  are 
the  following. r It  has  a difagreeable  ethereous 
odour  exaCtly  refembling  that  of  olefiant  gas 
when  treated  with  oxymuriatic  acid.  By  the 
application  of  flame  it  takes  fire  and  burns  with 
a yellowifh  lambent  flame  like  alcohol : after 
the  combuftion  has  ceafed  the  veflel  in  which 
it  has  been  carried  on  contains  a vapour  of  An- 
gular pungency.  Water  completely  abforbs  this 
gas,  but  requires  a confiderable  time  to  effeCt 
it  except  agitation  is  had  recourfe  to,  refem- 
bling in  this  refpeCl  carbonic  acid.  Alcohol 
produces  the  fame  effeCI  as  water,  and  takes  up 
the  gas  not  only  more  rapidly  but  alfo  in  larger 
proportion.  A folution  of  cauftic  potafh  alfo 
diflolves  it,  but  with  confiderable  difficulty,  and 
on  the  addition  of  fulphuric  or  muriatic  acid 
the  etherized  gas  is  again  fet  at  liberty  un- 
altered in  any  of  its  properties.  Ammonia, 
whether  liquid  or  in  the  gafeous  ftate,  is  incap- 
able of  contracting  any  union  with  it.  The 
fame  is  the  cafe  with  oxygen  gas  at  the  common 
temperature,  but  a mixture  of  the  two  airs  when 
inflamed  occafions  a molt  violent  explofion.  Sul- 
phuric acid  inftantly  decompofes  this  gas  by 
abforbing  the  ether,  the  nitrous  gas  retaining  its 
elaftic  ftate.  Sulphureous  acid  produces  the 
fame  effeCt,  only  it  requires  fome  days  for  this 
purpofe.  If  fulphuric  acid  previoufly  diluted 
with  an  equal  weight  of  water  is  placed  in 
contad:  with  this  gas  over  mercury,  its  aCtion  is 
greatly  retarded ; the  diminution  of  volume  in 
the  inclofed  air  takes  place  much  more  flowly, 
and  even  after  fome  days  a minute  portion  of 
etherized  gas  is  retained  by  the  nitrous  gas, 
which  in  confequence  acquires  the  property  of 


enlarging  the  flame  of  a taper  that  is  immerfed 
in  it,  in  the  fame  manner  as  nitrous  oxyd  doe*. 
Nitrous  acid  according  to  its  degree  of  con- 
centration abforbs  either  wholly  or  in  part  the 
ethereous  portion  of  the  gas  j and  the  fame  may 
be  obferved  of  muriatic  acid. 

Etherized  nitrous  gas  when  pafled  through  a 
red  hot  glafs  tube  depofits  a little  oil,  and  by 
fubfequent  waffiing  with  lime-water  is  freed 
from  fome  carbonic  acid  ; the  refidue  is  nitrous 
gas  mixed  or  combined  with  common  carbu- 
retted  hydrogen,  and  is  not  aCIed  on  by  ful- 
phuric, nitric  or  muriatic  acids,  by  cauftic  potafh 
or  alcohol.  The  addition  of  oxygen  gas  pro- 
duces red  vapours,  the  nitrous  gas  is  converted 
into  acid,  and  the  gafeous  refidue  is  carburetted 
hydrogen. 

*##  Muriatic  Ether. 

After  chemifts  had  fhewn  the  produ&ion  of 
ether  by  means  of  the  fulphuric  and  nitric  acids, 
it  was  natural  to  attempt  its  preparation  by  the 
muriatic  acid.  But  this  latter  in  its  ufual  ftate 
of  dilution  with  water  has  no  a£Iion  on  alcohol, 
and  therefore  the  various  modes  that  were  at 
firft  pradtifed  to  produce  muriatic  ether  entirely 
failed.  A few  chemifts  were  faid  to  have  fuc- 
ceeded  by  employing  Ample  muriatic  acid,  but 
in  a more  concentrated  and  dry  ftate  than  the 
liquid  acid  ; the  procefs  however  was  both  diffi- 
cult and  doubtful,  and  muriatic  ether  can  hardly 
be  faid  to  have  been  known  till  Rouelle  dis- 
covered that  it  might  be  prepared  by  diftilling 
together  alcohol  and  the  fmoaking  liquor  of 
Libavius,  which  is  a concentrated  muriat  of  tin 
in  its  higheft  ftate  of  oxydation.  The  Marquis 
de  Courtanvaux  having  repeated  the  experiments 
of  Rouelle  with  much  care,  propofes  the  fol- 
lowing as  the  belt  method  of  preparing  the 
fubftance  in  queftion.  Mix  together  in  a retort 
three  parts  of  fuming  muriat  of  tin  and  one  of 
alcohol,  a confiderable  degree  of  heat  is  imme- 
diately excited  and  a white  fuffdcating  vapour 
arifes,  which  however  foon  difappears  on  agi- 
tating the  mixture.  As  foon  as  an  ethereous 
odour  is  perceived,  let  two  balloon  receivers  be 
luted  on  and  kept  as  cool  as  poffible,  then  by 
the  application  of  a gentle  heat  to  the  retort 
there  comes  over  firft  a little  dephlegmated 
alcohol  which  is  fucceeded  by  the  ether : by  an 
increafe  of  temperature  a few  drops  of  coloured 
oil  are  produced,  and  then  arifes  partly  in  the 
form  of  a foft  butter  and  partly  in  that  of  a 
denfe  brown  liquid,  a quantity  of  fmoaking 
muriat  of  tin,  part  of  the  metallic  oxyd  remain- 
ing in  the  retort  as  a grey  powder.  When  the 
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ether  thus  procured  is  mixed  with  a folution  of 
pearlaffi,  a copious  effervefcence  and  precipi- 
tation takes  place,  owing  to  the  decompofition 
of  fome  muriat  of  tin  contained  in  the  ether, 
after  which  by  diftillation  at  a gentle  heat  the 
muriatic  ether  arifes  in  a Hate  of  great  purity 
amounting  to  half  of  the  impure  product  of  the 
firft  diftillation. 

Several  other  of  the  metallic  muriats  have 
been  found  to  be  equally  efficacious  with  the 
liquor  of  Libavius : the  corrofive  muriats  of 
antimony  and  arfenic,  the  muriats  of  bifmuth 
and  zinc,  and  the  red  muriat  of  iron  have  in 
particular  been  ufed  with  fuccefs  in  the  prepa- 
ration of  muriatic  ether. 

Scheele,  the  difcoverer  of  oxymuriatic  acid, 
was  induced  to  try  the  effeCt  of  this  in  the  pre- 
paration of  muriatic  ether. 9 For  this  purpofe 
he  put  three  ounces  of  alcohol  into  a receiver, 
with  which  was  connected  a retort  holding  two 
ounces  of  common  fait,  upon  which  was  poured 
an  equal  weight  of  fulphuric  acid ; the  muriatic 
acid  thus  difengaged  palled  into  the  receiver 
where  it  combined  with  the  alcohol,  and  this 
when  faturated  with  acid  was  transferred  to 
another  retort  containing  three  ounces  of  black 
oxyd  of  manganefe  in  fine  powder : the  mixture 
inftantly  alfumed  a green  colour  and  prefently 
after  became  fo  hot  as  to  boil.  When  the  ebul- 
lition had  ceafed  there  was  found  in  the  receiver 
a liquor  from  which  on  mixture  with  water  a 
quantity  of  ether  inftantly  feparated.  The  fame 
method  is  recommended  by  Van  Mons,  except 
that  he  employs  only  one-fourth  of  the  oxyd  of 
manganefe  ufed  by  Scheele,  and  performs  the 
fecond  diftillation  in  a Woulfe’s  apparatus,  the 
bottles  of  which  contain  a folution  of  cauftic 
potaffi,  by  which  the  acid  is  prevented  from 
reading  on  the  ether. 

Another  mode  of  applying  oxymuriatic  acid 
to  the  preparation  of  ether,  firft  praCtifed  by 
Scheele,  is  mentioned  by  Pelletier,  c and  de- 
ferves  to  be  repeated  as  being  perhaps  the  moil 
expeditious  and  economical  of  any.  He  intro- 
duces into  a large  tubulated  retort  a mixture  of 
eight  ounces  of  manganefe  and  16  ounces  of 
decrepitated  muriat  of  foda,  upon  which  he 
pours  another  mixture  of  twelve  ounces  of  ful- 
phuric acid  and  eight  ounces  of  alcohol.  From 
this  mafs  ten  ounces  are  drawn  ofFby  diftillation 
at  a gentle  heat,  which  by  fubfequent  rectifi- 
cation yields  four  ounces  of  ether. 

It  deferves  to  be  remarked  that  the  ether 
prepared  by  oxymuriatic  acid  generally  depofits 


during  its  rectification  with  potaffi  a confider- 
able  quantity  of  a clear  aromatic  and  bitter  oil, 
which  finks  in  drops  to  the  bottom  of  the  veffel : 
the  ether  alfo,  according  to  -Dollfufs,  at  leaft 
before  rectification,  is  compleatly  mifcible  with 
water  when  ffiaken  with  it  for  fome  time. 

The  preparation  of  ether  by  means  of  fimple 
muriatic  acid  is  not  eafy,  and  was  readily  fup- 
pofed  to  be  impoffible  by  fome  of  the  leaders  of 
the  modern  fchool  of  French  chemifts,  becaufe 
it  contradicted  one  of  their  early  theories  on 
the  procefs  of  etherification  ; yet  Beaume,  a 
chemift  of  great  experience  and  unqueftioned 
veracity,  had  affirmed  that  he  had  obtained  a 
fmall  quantity  of  ether  by  mixing  together  alco- 
hol and  muriatic  acid  both  of  them  in  the  ftate 
of  vapour : La  Planche  alfo  had  obtained  ether 
by  adding  to  decrepitated  muriat  of  foda  a mix- 
ture of  alcohol  and  fulphuric  acid,  and  diftilling 
the  whole  by  a gentle  heat.  A chemift  of  the 
name  of  Martin  alfo  affirms  that  he  had  pre- 
pared muriatic  ether  by  cohobating  equal  parts 
of  alcohol  and  muriatic  acid,  by  which  procefs 
the  quantity  of  ether  obtained  amounted  to  half 
of  the  alcohol  employed.  Finally  the  practi- 
cability of  this  method  appears  to  be  eftablifhed 
beyond  doubt  by  the  following  formula  of  Mr. 
Baffe.  u Keep  a quantity  of  common  fait  in 
fufion  for  about  an  hour  in  order  to  drive  off  all 
the  water  of  cryftallization,  then  pulverize  it 
and  put  40  parts  into  a tubulated  retort  con- 
nected with  aWoulfe’s  apparatus,  the  firft  bottle 
of  which  contains  20  parts  of  moft  highly  rec- 
tified alcohol : then  add  to  the  fait  in  the  retort 
20  parts  of  the  ftrongeft  fulphuric  acid,  and 
proceed  to  diftillation  by  a gentle  heat,  keeping 
the  alcohol-bottle  as  cool  as  poffible.  When 
the  alcohol  is  faturated  with  acid,  transfer  it  to 
a retort  and  diftil  over  about  one  half  of  it ; 
agitate  this  portion  with  an  alkaline  ley  and  the 
ether  will  prefently  feparate  and  float  on  the 
furface,  whence  it  may  be  obtained  by  decanta- 
tion or  diftillation.  The  quantity  of  ether  from 
the  above  materials  amounts  to  5 parts. 

Muriatic  ether  has  a ftriking  refemblance  to 
that  prepared  by  fulphuric  acid ; its  fpecific 
gravity  however  is  greater,  amounting  according 
to  Hermbftadt  to  0.84 : its  tafte  alfo  has  a pe- 
culiar aftringency  like  alum,  and  when  burning 
it  exhales  a ftrong  acrid  odour  refembling  that 
of  fulphureous  acid. 

* | * Fluoric  Ether. 

All  that  we  know  of  this  fubftance  is  due  to 
Scheele. v He  firft  impregnated  rectified  alcohol 


* Scheclc’s  Eflays,  p.  302.  1 Memoires,  i.  p.  141. 

* Van  Mons  Jouxn.  d«  China,  iv.  p.  26.  or  Thomfoo’s  Claim,  ii.  p.  246.  Y Efs.  p.  303, 
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with  fluoric  acid  gas,  by  diftilling  pulverized  fluor 
fpar  with  fulphuric  acid  and  placing  alcohol  in 
tire  receiver : the  fmoaking  fpirit  thus  obtained 
was  diftilled  with  a gentle  heat,  but  no  fign  of 
ether  made  its  appearance.  Another  portion  of 
the  acidulated  fpirit  was  then  mixed  with  black 
oxyd  of  manganefe,  and  by  fubfequent  diftil- 
lation  an  ethereous  fluid  came  over,  from  which 
by  redlification  a little  ether  was  obtained,  of  a 
very  agreeable  fmell  refembling  that  of  nitrous 
ether. 

Acetic  Ether. 

Acetic  ether  was  firft  difcovered  by  the  Count 
de  Lauraguais ; the  method  of  its  preparation 
was  by  diftilling  together  equal  parts  of  alcohol 
and  acetic  acid.  Scheele,  Bergman,  Pdrner,  and 
other  chemifts  repeated  this  procefs  ineffectually, 
and  hence  were  induced  to  fufpeCt  fome  error. 
In  confequence  of  thefe  doubts,  Pelletier  w en- 
tered into  a careful  examination  of  the  fubjeCt, 
and  has  both  fhown  the  reafon  of  the  failure  of 
Scheele,  and  has  given  the  proper  method  by 
which  to  fucceed.  He  diftilled  together  equal 
parts  of  alcohol  and  acetic  acid,  and  drew  off  a 
little  more  than  half;  this  liquor  was  acidulous 
and  had  an  ethereous  fmell,  but  no  genuine 
ether  could  be  made  to  feparate.  He  then  mixed 
together  1 2 ounces  of  ftrong  radical  vinegar  and 
the  fame  quantity  of  alcohol,  and  diftilled  over 
one  half  of  it  at  a boiling  temperature  ; this  pro- 
dud  he  poured  back  into  the  retort  and  recom- 
menced the  diftillation  ; the  produce  of  this  and 
of  the  third  diftillation  were  in  like  manner  re- 
.cohobated,  and  having  begun  again  for  the 
fourth  time  he  finally  obtained  1 2 ounces  of  an 
ethereous  fluid  ; with  tills  he  mixed  a fufficient 
quantity  of  carbonated  potafti  to  faturate  the 
acid  which  it  contained,  and  then  fubmitted  it 
to  a gentle  diftillation.  The  firft  fix  ounces 
that  came  over  were  pure  acetous  ether,  the 
next  four  ounces  alio  contained  ether,  but  not 
fo  pure  as  the  former.  It  is  remarkable  that 
during  the  cohobations  a confiderable  abforption 
of  air  took  place. 

Scheele  obtained  acetous  ether  in  a more 
-compendious  manner  by  mixing  together  acetite 
of  potafh,  or  of  lead  (fugar  of  lead),  or  of  cop- 
per (diftilled  verdigris),  with  alcohol,  and  then 
adding  as  much  fulphuric  acid  as  was  requifite 
to  deeompofe  the  acetous  fait  and  diftilling  the 
mixture  at  a low  heat ; the  produce  being  ftiaken 
with  water  the  ether  rifes  to  the  furface  and 
may  be  poured  off.  From  16  parts  fugar  of 
lead,  6 parts  ftrong  fulphuric  acid,  and  9 parts 

“ Memoir  e-s,  i.  p.  238. 


of  alcohol,  Bucholz  obtained  6 parts  re&ifici 
ether. 

Acetic  ether  always  retains  the  odour  of  the 
acid  by  which  it  is  formed  : it  is  not  fo  volatile 
as  the  ethers  procured  by  the  mineral  acids ; it 
burns  with  a lambent  blue  flame  like  alcohol ; 
it  is  foluble  in  a little  more  than  twice  its  bulk 
of  water,  and  is  decompofable  into  acetous  acid 
by  repeated  diftillations  at  a very  gentle  heat. 

Various  other  acids  have  been  diftilled  with 
alcohol  for  the  purpofe  of  procuring  ether,  but 
with  little  or  no  fuccefs.  Oxalic  acid  with  an 
equal  weight  of  alcohol  yielded  Bergman  a 
watery  fomewhat  etherized  alcohol.  Benzoic 
acid  and  alcohol,  according  to  Scheele,  afford 
no  ether,  but  when  a little  common  muriatic 
acid  is  added  to  the  mixture,  an  ethereous  liquor 
comes  over,  of  which  part  floats  on  water  and 
part  finks  in  the  fame  fluid.  The  ether,  or  the 
lighter  portion,  has  the  odour  of  benzoic  acid, 
burns  with  a clear  flame  and  fmoak,  and  is 
about  equal  in  volatility  to  acetic  ether.  The 
phofphoric,  boracic,  tartareous,  citric,  and  fuc- 
cinic  acids  were  found  by  the  fame  able  chemift 
to  be  incapable  of  producing  ether  either  by 
their  own  adlion  or  alcohol,  or  when  mixed 
with  oxyd  of  manganefe  or  muriatic  acid. 
t Z * Theory  of  Etherification. 

Of  the  various  theories  by  which  chemifts 
have  endeavoured  to  explain  the  rationale  of  the 
curious  and  interefting  procefs  of  etherification, 
we  fhall  mention  only  three.  The  firft  of  thefe, 
remarkable  for  its  ingenuity  and  fimplicity  and 
the  ftriking  fimilarity  which  it  bears  to  the 
theory  of  Vauquelin  and  Fourcroy  in  its  leading 
principle,  was  invented  by  Macquer  previous  to 
the  great  changes  introduced  into  the  fcience  by 
the  difeoveries  of  Prieftley  and  the  other  fathers 
of  gaffeous  chemiftry. 

Spirit  of  wine,  fays  Macquer,  * which  is  at 
once  inflammable  and  mifcible  with  water  in  all 
proportions,  differs  from  any  oil  by  containing  a 
more  confiderable  quantity  of  water,  which 
enters  into  its  compofition  as  a principal  or  con- 
ftituent  part ; hence  if  we  deprive  fpirit  of  wine 
of  that  aqueous  principle  by  which  it  differs 
from  oils,  it  ought  to  approach  fo  much  the 
more  to  an  oily  nature  in  proportion  as  it  is 
deprived  of  the  water  with  which  it  is  com- 
bined. Now  this  is  precifely  what  happens  in 
the  procefs  of  etherification.  When  equal  quan- 
tities of  alcohol  and  fulphuric  acid  are  diftilled 
together,  the  firft  produce  is  alcohol  highly 
dephlegmated  j then  fucceeds  ether,  which  from 

* Chem.  Di<£.  art,  Ether, 
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its  burning  with  a white  flame  and  fmoak,  and 
being  immii'cible  with  water  in  all  proportions, 
approaches  nearer  to  the  character  of  oil  than 
alcohol  does.  When  the  alcohol  has  loft  an 
additional  quantity  of  water  it  is  converted  into 
oil  of  wine,  which  is  a genuine  oil,  being  not 
mifcible  with  water,  burning  with  a fmoaky 
flame  and  leaving  behind  a refinous  coal.  In 
further  confirmation  of  this  it  may  be  obferved 
that  water  is  actually  feparated  from  the  alcohol 
during  the  whole  of  the  diftillation.  The  ob- 
jedfions  to  this  reprefentation  of  the  procefs 
independently  of  any  theory  are,  that  it  notices 
and  accounts  for  only  a few  of  the  changes  that 
~take  place,  and  therefore  is  at  beft  imperfedl : 
in  particular  the  copious  depofition  of  charcoal 
and  the  formation  of  acetous  acid  is  wholly 
negledled. 

When  the  theory  and  general  deductions  of 
Lavoifier  began  to  be  received  among  chemifts, 
and  oxygen  was  confidered  as  the  active  princi- 
ple by  which  all  chemical  changes  were  brought 
about,  the  formation  of  ether  was  very  com- 
pendioufly  explained  in  the  following  manner. 
The  difengagement  of  fulphureous  acid  accom- 
panies the  production  of  ether,  therefore  “ in 
“ this  operation  the  fulphuric  acid  is  decom- 
“ pofed,  and  its  oxygen,  by  combining  with  the 
“ hydrogen  and  carbon  of  the  alcohol  forms 
“ three  ftates,  which  uTe  alfo  find  in  the  diftill- 
“ ation  of  fome  bitumens;  i.  a very  volatile 
<c  oil  or  ether;  2.  ethereal  oil;  3.  bitumen.”  r 
Imprefled  with  this  idea  the  fame  chemift  is  led 
to  the  unfounded  affertion  that  in  all  the  modes 
of  preparing  muriatic  ether,  the  acid  is  in  the 
ftate  of  oxymuriatic  acid.  “ It  is  evident  there- 
*(  fore-,”  adds  he,  “ that  ether  is  merely  a com- 
“ bination  of  alcohol  with  the  oxygen  of  the 

acids  made  ufe  of;”  and  then  in  order  to 
confirm  this  pofition  he  fays  that  ether  may  be 
obtained  by  repeated  diftillations  of  alcohol  from 
the  red  oxyd  of  mercury;  an  laffertion  which 
moft  affuredly  is  falfe,  except  the  mercurial 
oxyd  was  prepared  by  nitrous  acid,  and  in  con- 
fequence  of  being  infufficiently  heated  contained 
a portion  of  it  undecompofed  ; in  which  cafe  it 
might  perhaps  form  with  alcohol  a nitrous  ether. 

The  laft  theory  which  we  {hall  mention  is 
that  of  Vauquelin  and  Fourcroy  : it  is  the  moft 
recent  and,  becaufe  it  is  founded  on  a minute 
attention  to  the  feveral  phenomena  that  take 
place  during  the  formation  of  ether,  the  moft 
fatisfa&ory  of  any  that  have  yet  been  offered. 
The  facfls  and  obfervations  by  which  this  theory 
is  fupported  are  the  following.  2 


r.  If  one  part  of  alcohol  and  two  of  fulphuric 
acid  are  mixed  together,  the  temperature  rife* 
to  about  2oo°  Fah.  the  mafs  immediately  acquires 
a deep  brownilh-red  colour,  which  deepens  into 
black  a few  days  after,  and  at  the  fame  time 
exhales  a vapour  manifeftly  ethereous. 

2.  Equal  parts  of  concentrated  fulphuric  acid 
and  rectified  alcohol,  acquire  on  mixture  a tem- 
perature of  19c0  Fah.;  bubbles  of  gas  are  ex- 
tricated, the  liquor  becomes  turbid  and  opalef- 
cent,  and  at  the  end  of  a few  days  acquires  a 
deep  red  colour.  The  whole  being  then  tranf- 
ferred  to  a diftillatory-pneumatic  apparatus,  and 
being  heated  to  207°  Fah.  ebullition  takes  place 
and  ether  paffes  over  into  the  recipient : if  the 
operation  is  carefully  conducted,  no  elaftic  fluid 
is  difengaged,  and  the  vapour  when  condenfed 
is  found  to  be  only  water  and  ether.  When 
the  liquid  thus  obtained  amounts  to  about  half 
of  the  alcohol  employed,  fulphureous  acid  be- 
gins to  be  manifeft,  and  in  a fhort  time  the- 
produflion  of  ether  ceafes  and  is  fucceeded  by 
oil  of  wine  accompanied  by  water  and  acetous 
acid.  The  contents  of  the  retort  being  kept 
boiling  and  becoming  more  and  more  concen- 
trated as  the  diftillation  proceeds,  are  conftantly 
acquiring  a higher  temperature : when  this 
amounts  to  about  234°Fahr.  olefiant  gas  begins 
to  come  over  and  continues  till  the  oil  of  wine 
ceafes  to  flow.  At  this  period  carbonic  acid 
gas  firft  makes  its  appearance,  the  water  and 
fulphureous  acid  gas  ftill  continuing  to  be  pro- 
duced, and  the  refidue  in  the  retort  connfts  of 
little  elfe  than  fulphuric  acid  thickened  by  char- 
coal. A longer  continuance  of  the  heat  ftill  gra- 
dually increafing  produces  a little  water,  which 
foon  ceafes,  fulphureous  acid,  and  carbonic 
acid,  the  laft  of  which  continues  the  longeft  : 
when  no  more  gas  is  difeharged,  the  refidue  in 
the  retort  confifts  of  fulphur  and  charcoal.  . 

Thefe  are  the  fa£ls,  and  from  thefe  the  able 
chemifts  who  obferved  them  have  concluded : 

1.  That  the  fpontaneous  a£lion  of  alcohol 
and  fulphuric  acid,  when  this  laft  is  confiderably 
in  excefs,  is  fufficient  for  the  formation  of  ether 
without  the  affiftance  of  any  extraneous  heat, 
and  that  by  duly  proportioning  the  two  fub- 
ftances  the  alcohol  might  be  wholly  decompofed 
and  made  to  yield  all  the  ether  which  it  is 
capable  of  doing  when  treated  in  the  ufual 
manner. 

2.  That  the  formation  of  ether  is  not  owing 
to  the  affinity  of  the  oxygen  contained  in  the 
fulphuric  acid  for  the  hydrogen  or  carbon  of 
the  alcohol,  is  manifeft  from  the  fa£l  that  fnu 


y Chaptal’s  Elements  of  Chira.  iii.  p.  259,  * An,  de  Chim.  xxiii.  p.  203. 
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■the  preparation  of  ether  no  fulphureous  acid  gas 
is  evolved  till  the  production  of  ether  has  almoft 
ceafed.  It  muft  therefore  be  the  entire  attrac- 
tion of  the  fulphuric  acid  for  one  or  more  of  the 
elements  of  the  alcohol  that  determines  its  de- 
compofition ; now  fince  water  is  formed  during 
the  whole  procefs,  and  fince  the  affinity  of  this 
for  fulphuric  acid  is  known  to  be  very  powerful, 
it  appears  likely  that  this  is  the  caufe  that  de- 
ilroys  the  equilibrium  of  the  affinities  by  which 
the  elementary  particles  of  alcohol  are  retained 
in  combination,  and  induces  the  oxygen  and  hy- 
drogen to  unite  and  produce  water*  Hence  it 
might  at  firft  fight  be  fuppofed  that  ether  differs 
from  alcohol  in  containing  a fmaller  proportion 
of  oxygen  and  hydrogen.  This  however  will 
not  be  found  to  be  the  cafe  when  we  advert  to 
the  depofition  of  charcoal,  which  equally  with 
the  formation  of  water,  accompanies  the  pro- 
duction of  ether : now  the  amount  of  the  char- 
coal depofited,  is  greater,  in  proportion  to  that 
which  is  left,  than  the  hydrogen  of  the  water 
compared  to  what  ftill  remains  in  the  ether, 
therefore  this  latter  fluid  although  compofed  of 
the  fame  elements  as  alcohol,  differs  from  it  in 
containing  a fmaller  proportion  of  carbon  com- 
pared to  the  hydrogen.  During  the  progrefs  of 
diftillation  the  heat  to  which  the  materials  in 
the  retort  are  expofed  is  continually  increafing, 
and,  the  affinity  of  the  acid  and  alcohol  alfo  aug- 
menting, the  acid  itfelf  is  at  length  decom- 
pofed : fulphureous  acid  is  generated,  and  the 
excefs  of  oxygen  deprives  the  alcohol  of  part  of 
its  hydrogen,  whence  refults  the  oil  of  wine, 
differing  from  ether  in  containing  a larger  por- 
tion of  carbon ; and  in  confirmation  of  this  it 
may  be  oblerved,  that  the  carbon  depofited 
during  the  production  of  oil  of  wine  is  not  fo 
great  as  when  ether  is  produced. 

The  authors  of  this  hypothefis  having  ffiown 
that  during  the  formation  of  ether  no  decom- 
ofition  of  the  fulphuric  acid  takes  place,  attri- 
ute  to  the  acid  only  the  power  of  detaining 
the  alcohol  in  a heat  more  than  fufficient  for 
the  volatilization  of  this  fluid  when  uncombined, 
and  fuppofe  that  the  production  of  ether  and 
water  and  the  depofition  of  charcoal  are  to  be 
wholly  attributed  to  the  aCtion  of  caloric.  There- 
fore fay  they,  an  analogous  decompofition  of 
alcohol  takes  place  in  circumftances  refembling 
in  nd  refpeCt  thofe  in  which  fulphuric  ether  is 
produced,  except  the  expofure  of  alcohol  to  an 
unufually  high  temperature.  Thus  when  per- 
fectly cauftic  potaffi  is  mixed  with  dephleg- 
niated  alcohol  and  heat  is  gradually  applied, 
the  liquor  becomes  brown  by  the  depofition  of 


charcoal,  water  is  produced,  and  an  odorant 
fluid  paffes  over  fimilar  in  many  refpeCts  to 
ether  or  oil  of  wine.  So  again,  when  the  va- 
pour of  alcohol  is  palled  through  an  earthen- 
ware tube  almoft  red  hot,  a decompofition  takes 
place,  the  products  of  which  are  fimilar  to  thofe 
which  appear  in  the  formation  of  fulphuric 
ether,  except  fo  far  as  thefe  latter  are  modified 
by  the  decompofition  of  fulphuric  acid.  Char- 
coal is  depofited  within  the  tube,  a fragrant 
odour  like  that  of  ether  is  perceived,  an  oil 
which  concretes  into  brilliant  cryftals  like  ben- 
zoic acid  is  produced,  together  with  olefiant 
gas,  carburetted  hydrogen,  and  carbonic  acid.  ( 

Such  is  the  fubftance  of  this  very  ingenious 
theory,  and  fuch  are  the  fails  by  which  it  is 
fupported ; upon  which  we  fhall  make  a few 
remarks. 

In  the  firft  place  it  would  have  been  more 
fatisfaitory  if  the  gas  had  been  examined,  which 
we  are  told  is  difengaged  when  equal  parts  of 
alcohol  and  fulphuric  acid  are  mixed  together. 
Secondly,  the  acetous  acid  which  is  copioufly 
formed  as  long  as  the  oil  of  wine  continues  to 
flow  is  entirely  negleiled.  Thirdly,  the  relative 
proportions  of  charcoal  in  alcohol  and  ether  are 
contradictory  to  fome  apparently  correct  ana- 
lyfes  of  thefe  fubftances  by  chemifts  of  acknow- 
ledged ability.  Lavoifier  from  the  refult  of  his 
experiments  on  fermentation,  makes  the  relative 
proportions  of  hydrogen  and  carbon  in  alcohol 
to  be  as  i to  1.7  : but  the  procefs  of  fermenta- 
tion is  fo  complicated,  that  no  great  dependence 
can  be  placed  on  this  refult.  Let  us  therefore 
have  recourfe  to  a Ampler,  and  on  that  account 
more  fatisfactory  analyfis  of  the  fame  fluid  by 
the  fame  chemift.  From  the  combuftion  of 
alcohol  in  oxygen  gas,  Lavoifier  found  the  pro- 
portions of  hydrogen  and  carbon  to  be  : 1 :3-d. 
In  ether  the  proportions  of  hydrogen  and  car- 
bon according  to  Cruikfhank,  are  : 1 : 5.  Oil 
of  wine  has  not  been  analyfed ; but  in  olefiant 
gas  according  to  Henry,  the  hydrogen  and  car- 
bon are  : 1 : 5.7  at  leaft,  and  probably  the  car- 
bon is  in  a confiderably  higher  ratio.  Now, 
fince  during  the  decompofition  of  alcohol  when 
diftilled  with  fulphuric  acid,  ether,  oil  of  wine, 
and  olefiant  gas  make  their  appearance  in  fuc- 
ceffion ; fince  water  is  produced  during  the 
whole  procefs,  and  fince  the  depofition  of  char- 
coal alfo  takes  place  but  in  a diminiffiing  ratio, 
it  appears  probable  that  thefe  different  fubftances 
form  part  of  a regular  feries,  of  which  alcohol 
is  one  extremity,  and  olefiant  gas  the  other,  and 
in  which  the  proportion  of  carbon  is  conftantly 
increafing,  and  that  of  the  hydrogen  and  oxy- 
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gen  diminiffiing ; hut  as  thefe  two  laft  are  fe- 
parated  in  confequence  of  the  produttion  of 
water,  and  perhaps  of  acetous  acid,  the  oxygen 
muft  be  abftra£ted  in  much  greater  proportion 
than  the  hydrogen,  fo  that  the  ultimate  refult 
of  this  method  of  decompofition  will  be  carbu- 
retted-hydrogen,  the  oxygen  being  entirely  ex- 
pended. 

Perhaps  the  following  modifications  of  the 
theory  of  Vauquelin  may  in  fome  degree  add  to 
its  confiftency.  Alcohol  and  fulphuric  acid  in 
equal  proportions  being  expofed  to  a conftantly 
increasing  temperature,  the  acid  feparates  the 
water  contained  in  the  alcohol,  and  in  confe- 
quence highly  dephlegmated  alcohol  is  the  ear- 
lieft  product  of  the  diftillation  : a greater  degree 
of  heat,  added  to  the  affinity  of  the  acid  for 
water,  decompofes  part  of  the  alcohol ; its  oxy- 
gen and  hydrogen  produce  water,  and  carbon 
is  depofited ; but  thefe  its  elements  being  fe- 
parated  in  unequal  proportions  ether  is  the  re- 
fult. At  a fomewhat  higher  temperature,  be- 
fore the  ether  has  ceafed  to  flow,  the  carbon 
and  hydrogen  as  they  are  feparating  from  the 
alcohol  rea£l  on  the  fulphuric  acid,  take  away 
a portion  of  its  oxygen  and  form  acetous  acid, 
while  fulphureous  acid  gas  is  volatilized  together 
with  the  laft  portions  of  ether.  A (till  greater 
heat  takes  away  from  the  alcohol  a larger  pro- 
portion of  its  oxygen  and  hydrogen,  and  oil  of 
wine  is  the  confequence ; which  probably  differs 
from  ether,  in  containing  more  carbon  and  lefs 
oxygen  ; the  production  of  water,  acetous  acid, 
and  fulphureous  acid  proceeding  as  before.  The 
temperature  ftill  going  on  to  increafe,  the  oil  of 
wine  is  itfelf  partly  decompofed,  and  olefiant 
gas  is  thus  added  to  the  produCts  of  the  diftil- 
lation.  The  oil  of  wine,  olefiant  gas  and  ace- 
tous acid  at  length  ceafe,  and  nothing  comes 
over  but  a little  water,  fulphureous  acid  and 
carbonic  acid,  thefe  laft  being  no  doubt  pro- 
duced by  the  aCtion  of  the  charcoal  on  the  ful- 
phuric acid. 

Hence  the  whole  procefs  of  etherification, 
comprehending  the  converfion  of  alcohol  into 
ether,  oil  of  wine  and  olefiant  gas  may  be  con- 
fidered  as  the  effett  of  a conftantly  increafing 
temperature,  the  aClion  of  which  the  alcohol 
is  prevented  from  efcaping  in  confequence  of 
its  affinity  for  the  fulphuric  acid  (and  as  a fur- 
ther proof  of  this  affinity  it  may  be  remarked 
that  the  moft  accurately  re£tified  ether  always 
contains  a notable  quantity  of  fulphuric  acid) 
The  decompofition  of  this  acid  and  confe- 
quent  produ&ion  of  fulphureous  acid  gas  has  no- 
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thing  to  do  with  the  procefs  of  etherification  ; 
it  being  caufed  in  the  firft  part  of  the  operation 
by  the  formation  of  acetous  acid,  and  in  the 
latter  part  of  it  by  the  formation  of  carbonic 
acid. 

It  will  now  be  proper  to  take  notice  of  fome 
objections  that  have  been  urged  againft  the 
theory  of  Vauquelin  andFourcroy,  founded  upon 
experiments  in  which  oxyd  of  manganefe  was 
employed,  together  with  the  ufual  materials  of 
fulphuric  ether,  and  which  are  iuppofed  by 
many  to  demonftrate  the  neceffity  of  oxygen  in 
the  converfion  of  alcohol  into  ether. 

It  was  Scheele  who  firft  remarked,  that  if 
black  oxyd  of  manganefe  be  mixed  with  ful- 
phuric acid  and  alcohol,  and  the  whole  fub- 
jected  to  diftillation,  ether  is  produced  without 
any  fulphureous  acid  making  its  appearance. 
This  experiment  was  repeated  by  Dabit  2 with 
fuccefs,  and  is  urged  by  him  to  Ihow  the  necef- 
fary  agency  of  oxygen  in  the  formation  of  ful- 
phuric ether.  The  acid  and  the  manganefe 
immediately  reatt  on  each  other,  fays  he,  ful- 
phat  of  manganefe  is  the  refult,  and  oxygen  is 
difengaged ; but  no  oxygen  gas  is  produced 
during  the  whole  of  the  diftillation,  therefore  the 
oxygen  muft  combine  with  the  alcohol  to  form 
ether.  Further,  there  is  no  depolition  of  char- 
coal in  the  retort,  therefore  none  of  the  alcohol  is 
deftroyed  as  in  the  common  mode  of  proceed- 
ing. Vauquelin  however  has  pofitively  ffiown, 
that  in  the  diftillation  of  fulphuric  acid  and  al- 
cohol the  greateft  part  of  the  ether  pafles  over 
before  any  fulphureous  acid  is  produced  ; and 
in  reply  to  this  M.  Dabit  has  only  to  urge  the 
unproved  aflertion  that  fulphuric  acid  may  lofe 
a part  of  its  oxygen  without  becoming  fulphu- 
reous acid.  Thefe  objedlions  induced  M.  Vau- 
quelin to  repeat  with  care  the  experiments  of 
Dabit,  the  refult  of  which  was  a complete  re- 
futation of  his  theory. 

a Equal  parts  of  fulphuric  acid,  alcohol,  and 
oxyd  of  manganefe  were  mixed  together  and 
immediately  fubjetted  to  diftillation  : a liquor 
was  obtained  amounting  to  about  half  of  the 
alcohol  employed,  which  had  fomewhat  of  an 
ethereous  odour,  but  was  of  a bitter  and  very 
difagreeable  flavour,  was  entirely  mifcible  with 
water,  and  was  fpecifically  heavier  than  the  al- 
cohol made  ufe  of,  this  latter  being  r=  0.83, 
and  the  former  zxx  0.86.  This  liquor  being  re- 
diftilled  with  carbonated  alkali,  and  f of  it  being 
drawn  off,  was  found  to  have  acquired  a more 
ethereous  odour,  its  fpecific  gravity  was  — o.8?; 
when  mingled  with  an  equal  bulk  of  water,  be- 
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tween  y and  | of  it  remained  undiffolved  in  this 
fluid,  and  this  undifl'olved  part  was  extremely 
analogous  to  common  fulphuric  ether.  On  ex- 
amining the  refidue  of  the  firft  diftillation  a 
quantity  of  charcoal  was  found  depofited,  and 
this  being  contrary  to  what  M.  Dabit  had 
affirmed,  it  was  fufpefted  by  M.Vauquelin  that 
in  confequence  of  proceeding  to  diftillation  im- 
mediately after  the  mixture  of  the  materials, 
part  of  the  fulphuric  acid  inftead  of  combining 
with  the  oxyd  of  manganefe  had  a£ted  imme- 
diately on  the  alcohol,  and  thus  had  caufed  the 
depolition  of  charcoal  and  had  generated  a little 
real  ether.  In  confequence  of  this  fufpicion  a 
fecond  mixture  was  made  of  equal  parts  of  ful- 
phuric acid,  manganefe  and  alcohol,  and  was 
allowed  to  ftand  48  hours  before  it  was  diftilled. 
The  produft  of  the  diftillation  was  a liquid 
equal  to  1%  of  the  alcohol,  the  odour  and  nau- 
feous  flavour  of  which  were  very  different  from 
ether.  Being  rectified  in  the  ui'ual  way,  fome- 
what  more  than  half  of  the  liquor  was  drawn 
off,  which  exhibited  the  following  properties. 
Its  fpecific  gravity  was  :az:  0.85,  greater  than 
that  of  the  alcohol ; it  was  mifcible  with  water 
in  all  proportions ; it  was  lefs  volatile  than 
ether,  and  its  flame  though  white  and  accom- 
panied by  fmoak  confiderably  refembled  that  of 
alcohol.  On  examination  of  the  refidue  of  the 
firft  diftillation  no  charcoal  was  found  to  be 
depofited,  and  this  ether  when  analyfed  by 
paffing  through  a red  hot  earthenware  tube, 
appeared  to  contain  a larger  proportion  of  oxy- 
gen and  carbon  than  true  fulphuric  ether.  The 
facts  therefore  which  have  been  urged  by  M. 
Dabit  againft  the  theory  of  Vauquelin,  are  in 
reality  a ftriking  confirmation  of  it,  and  are 
particularly  interefting  as  demonftrating  the  ex- 
iftence  of  an  intermediate  fubftance  between 
alcohol  and  ether. 

The  phenomena  that  take  place  during  the 
formation  of  nitrous  ether  are  too  complicated, 
and  have  been  too  little  obferved  with  the  re- 
quifite  attention  to  allow  us  to  lay  down  a fatis- 
fadlorv  theory  on  the  fubjebf : not  only  the 
alcohol  but  even  the  acid  is  decompofed  from 
the  very  moment  of  their  mixture  ; nitrous  gas 
is  extricated,  and  therefore  part  of  the  oxygen 
of  the  acid  is  combined  with  the  alcohol ; it 
muft  be  obferved  however  that  no  charcoal  is 
depofited,  and  that  oxalic  and  acetous  acids  are 
formed  befides  water  and  ether  ; it  is  very  poffi- 
ble  therefore  that  here,  as  in  fulphuric  ether, 
the  water  and  ether  are  produced  by  a new 
arrangement  of  the  elements  of  the  alcohol,  and 
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all  the  oxygen  contributed  by  the  acid  is  em- 
ployed in  the  production  of  the  oxalic  and 
acetous  acids. 

Where  ether  is  made  from  the  aCtion  of  mu- 
riatic acid  on  alcohol,  it  is  obvious,  as  the  acid 
is  not  decompofed  in  any  part  of  the  procefs, 
that  this  is  not  in  any  degree  brought  about  by 
the  aCtion  of  oxygen.  Even  when  the  concen- 
trated metallic  muriats  are  ufed  inftead  of  the 
Ample  acid,  it  may  be  queftioned  whether  the 
whole  effeCb  is  not  to  be  attributed  to  the  con- 
centration of  the  acid  and  the  remarkable  affinity 
which  thefe  falts  have  for  water.  The  acid  in 
thefe  falts  is  certainly  not  in  the  ftate  of  oxy- 
muriatic  acid,  and  it  appears  from  Prouft  b that 
when  the  fmoaking  muriat  of  tin  is  made  ufe 
of  for  this  purpofe,  the  metallic  oxyd  is  in  pre- 
cifely  the  fame  ftate  of  oxydation  after  as  before 
it  has  been  employed  in  the  preparation  of 
ether.  The  only  faCt  in  oppofition  to  this  is 
noticed  by  Scheele,  namely,  that  the  green  mu- 
riat of  iron  is  incapable  of  converting  alcohol 
into  muriatic  ether,  whereas  the  red  muriat  will 
efteCt  this  change  with  great  eafe.  He  has 
however  omitted  to  mention  whether  the  red 
muriat  is  found  after  the  procefs  in  the  ftate  of 
green  muriat,  which  would  be  the  cafe  if  the 
former  fait  a&ed  in  confequence  of  its  excefs  of 
oxygen.  Muriatic  acid,  alcohol,  and  oxyd  of 
manganefe  however  will  produce  ether,  and  the 
oxymuriatic  acid  is  at  the  fame  time  converted 
into  Ample  muriatic  acid : but  according  to  Mr. 
Baffe, c the  liquid  thus  produced  is  not  an  ether 
but  very  Amilar  to  the  ethereal  liquor  of  M. 
Dabit  mentioned  above,  and  if  this  is  a corre£t 
reprefentation,  this  objection  alfo  falls  to  the 
ground. 

It  is  an  enquiry  which  has  been  agitated 
among  chemifts  whether  all  the  ethers  are  ef- 
fentially  and  radically  the  fame ; and  it  may  be 
fuppofied  that  if  the  theory  of  etheriflcation  is 
the  fame  in  all,  the  produdt  refulting  from  this 
identity  of  aftion  fhould  alfo  be  the  fame  what- 
ever acid  is  made  ufe  of : but  in  oppofition  to 
this  it  may  be  ftated  on  the  authority  of  Scheele, 
that  every  ether  combines  with  and  retains,  even 
after  rectification  with  alkali,  a portion  of  the 
acid,  by  the  agency  of  which  it  was  formed, 
and  therefore  that  there  is  a real  fpecific  dif- 
ference between  ethers  depending  on  the  par- 
ticular acid  which  enters  into  their  compo- 
fition. 

ETHIOPS. 

This  term  is  at  prefent  obfolete  : it  was  ufed 
by  the  old  chemifts  to  denote  four  different 
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metallic  preparations  of  a dark  colour,  which 
were  for  the  moft  part  employed  in  pharmacy. 

i.  Ethiops  Antimonialis. 

This  is  a double  fulphuret  of  antimony  and 
mercury,  and  is  prepared  either  by  triturating 
equal  weights  of  crude  antimony  and  mercury, 
till  the  mercury  is  no  longer  fluid ; or  by  fufing 
fome  fulphuret  of  antimony  in  an  earthen  cru- 
cible, and  when  it  is  upon  the  point  of  fixing,  to 
pour  in  an  equal  weight  of  hot  mercury ; the 
mixture  immediately  becomes  fluid,  and  after  a 
while  folidifies : when  cold  it  muft  be  levigated 
in  a mortar  and  wafhed.  Inftead  of  crude  anti- 
mony the  golden  fulphur  of  this  metal  is  fome- 
times  made  ufe  of. 

Ethiops  Martialis. 

This  is  the  pure  black  magnetic  oxyd  of 
Iron  ; which  fee. 

Ethiops  Mercurii  per  fe. 

By  this  name  the  older  German  pharmaco- 
poeias diftinguifh  an  imperfect  oxyd  of  Mer- 
cury, made  by  triturating  this  metal  with  gum 
arabic  or  any  other  Ample  mucilage : it  is  an 
extremely  inartificial  and  imperfect  preparation, 
the  mercury  being  for  the  moft  part  not  oxy- 
dated,  but  only  reduced  to  a ftate  of  very  mi- 
nute divifion. 

Ethiops  Mineralis. 

This  is  the  artificial  black  fulphuret  of  Mer- 
cury ; which  fee. 

EUCLASE.  Hauy. 

The  colour  of  this  mineral  is  a very  clear 
fea-green.  It  occurs  only  cryftallized.  Its 
primitive  form  is  that  of  an  oblique  quadri- 
lateral prifm,  but  its  fummits  are  generally  fo 
complicated  by  truncatures  and  bevillings  as  to 
render  a mere  verbal  defeription  of  it  entirely 
unintelligible  : in  this  ftate  it  refembles  certain 
varieties  of  Topaz,  but  may  readily  be  diftin- 
guifhed  by  the  meafurement  of  the  obtufe 
angles  of  the  prifm  being  1330  inftead  of  1240, 
and  in  its  lamellje  not  being  perpendicular  to 
the  axis  of  the  cryftal.  It  has  a brilliant  vitreous 
luftre.  Its  fra£ture  in  the  direction  of  its  axis, 
and  parallel  to  the  fmall  diagonal  of  its  bafe,  is 
perfeftly  lamellar,  but  when  parallel  to  the  large 
diagonal  is  very  imperfectly  fo.  Its  crofs  fraCture 
is  fomewhat  conchoidal.  It  is  tranfparent  and 
has  a double  refraCtion.  It  is  fufficiently  hard 
to  fcratch  quartz,  but  is  remarkably  brittle. 
Sp.  gr.  — 3.06. 

When  expofed  to  the  blowpipe  this  mineral 
firft  lofes  its  tranfparency,  and  then  melts  into 
a white  enamel.  It  has  been  analyfed  by  Vau- 
quelin,  with  the  following  refult. 
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portion  could  be  afforded  for  analyfis : of  the 
lofs,  Vauquelin  attributes  the  greateft  part  to 
water  of  cryftallization,  and  the  reft  is  probably 
alkali. 

The  Euclafe  was  found  in  Peru  by  Dombey, 
and  all  the  fpecimens  in  the  cabinets  of  Europe 
were  brought  over  by  this  naturalift. 
EUDIOMETR  Y . 

The  term  eudiometry  is  applied  to  thofe  pro- 
ceffes  that  have  been  employed  to  afeertain  the 
purity,  or  in  other  words  the  degree  of  oxy- 
genation of  any  gafeous  mixture,  and  efpecially 
of  atmofpherical  air. 

The  relative  fitnefs  of  air  for  the  purpofe  of 
refpiration  and  combuftion  is  certainly  a queftion 
of  high  importance,  and  it  has  been  an  object 
of  great  moment  to  determine  how  far  the 
circumftances  of  climate,  expofure,  prevailing 
wind,  and  all  other  meteoric  phenomena,  croud- 
ed  population,  perceptible  fumes  or  fuppofed 
noxious  vapours  of  different  kinds,  and  other 
caufes  that  affed  the  fenfible  quality  of  the 
atmofphere,  really  alter  its  chemical  compo- 
fition.  Befides  the  varieties  in  the  natural  at- 
mofphere, chemifts  alfo  are  conftantly  producing 
different  gafeous  mixtures,  the  analyfis  of  which 
is  defired  ; and  as  far  as  relates  to  the  quantity 
of  oxygen  contained,  eudiometry  here  alfo  may 
be  put  into  praCtice : but  by  far  the  greater 
number  of  eudiometrical  obfervations  and  ex- 
periments that  have  been  made  relate  to  the 
conftitution  of  the  atmofphere  alone  under  dif- 
ferent circumftances. 

The  precife  conftitution  of  atmofpherical  air  is 
deferibed  under  that  article ; it  may  be  con- 
fidered  as  a chemical  mixture  of  azotic  and 
oxygen  gaffes  (the  fmall  portion  of  carbonic  acid 
being  fet  afide)  in  the  average  proportions  of  78 
of  the  firft  and  22  of  the  fecond,  eftimating  by 
bulk,  or  of  74  to  26  by  weight. 

A.11  the  eudiometric  proceffes  have  only  for 
their  objed  to  afeertain  dire&ly  the  quantity 
of  oxygen,  and  the  only  methods  commonly 
employed  are  the  oxygenation  of  nitrous  gas, 
of  a hydro  fulphuret,  of  hydrogen,  and  of  phof- 
phorus,  each  of  which  require  a feparate  con- 
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fideration.  The  fubje£t  of  eudiometry,  being 
one  in  which  much  accuracy  is  required,  was 
long  furrounded  with  difficulties*,  very  com- 
plicated chemical  decompofitions  have  been  dif- 
covered  in  procefles  that  at  firlt  were  confidered 
only  as  inftances  of  fimple  oxygenation;  all  the 
fcrupulous  minutenefs  in  manipulation,  and  in 
eftimating  the  real  quantities  of  gafeous  bodies 
has  been  found  eflential  to  procuring  juft  and 
accurate  refults ; and  hence  it  has  happened  that 
none  of  the  difcoverers  of  thefe  procefles  have 
been  the  perfons  to  bring  them  to  perfection. 
We  ffiall  therefore  in  this  place  only  enlarge 
upon  the  latter  experiments.  The  concurring 
teftimony  of  all  the  accurate  eudiometers  {hews 
fo  great,  and  to  moft  philofophers  unexpected, 
a fimilarity  in  the  conftitution  of  the  atmofphere 
in  almoft  every  fituation  in  which  man  can  be 
placed,  and  in  every  change  of  climate  or 
weather,  that  when  we  find  fuch  enormous  dif- 
ferences in  the  degree  of  oxygenation  of  the  at- 
mofphere as  fome  obfervers  have  given,  we  may 
fairly  doubt  the  fidelity  of  the  experiments,  or 
the  competency  of  the  method  employed.  In 
general  therefore  we  can  find  no  furer  teft  of 
the  accuracy  of  any  eudiometrical  procefs  than 
that,  with  the  fame  manipulations  it  will  always 
fhew  nearly  the  fame  quantity  in  the  atmofphere 
at  all  times  and  feafons,  that  is,  within  the  limits 
of  about  one  per  cent,  over  or  under  an  average. 
Inftead  of  this  we  find  on  the  average  of  the 
refults  of  different  experimenters  a range  of 
fometimes  8 or  io  per  cent,  in  the  ftatements 
of  the  quantities  of  oxygen,  even  where  the 
fame  eudiometric  fubftance  has  been  employed; 
a circumftance  which  (hews  the  neceffity  of  uni- 
formity not  only  in  the  general  mode,  hut  even 
in  very  mipute  particulars  in  order  to  give  com- 
parable refults  between  the  obfervations  of  dif- 
ferent chemifts. 

Of  nitrous  gas  as  an  eudiometer. 

This  was  the  firft  eudiometer  employed,  be- 
ing ufed  by  Dr.  Prieftley  in  his  original  experi- 
ments immediately  connected  with  his  great 
difcovery  of  oxygen  gas.  If  nitrous  gas  be 
mixed  in  a glafs  jar  over  water  with  oxygen  (both 
fuppofed  to  be  perfectly  pure  and  in  the  pro- 
portions in  which  they  mutually  faturate  each 
ether  to  form  nitric  acid)  there  will  be  a total 
difappearance  of  both  gaffes,  the  water  will  be 
feen  to  rife  and  fill  the  jar,  entirely  abforbing  the 
newly  formed  nitric  acid  in  its  paffage.  Though 
this  total  abforption  of  the  two  gaffes  never  ac- 
tually takes  place,  yet  when  they  are  as  pure 
as  poffible,  and  in  accurate  proportions,  it  is 
fo  nearly  complete  that  the  refidue  amounts 
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only  to  a very  minute  quantity,  and  is  found  by 
experiments  to  be  azotic  gas.  On  the  other 
hand,  when  nitrous  gas  is  added  to  atmofpheric 
air,  or  any  other  mixture  of  azot  and  oxygen, 
a certain  and  confiderable  abforption  takes  place 
and  in  direct  proportion  to  the  quantity  of  oxy- 
gen prefent,  fo  that,  fuppofing  a conftant  uni- 
formity of  adtion  to  be  exerted,  nitrous  gas 
would  poffefs  all  the  requifites  for  a perfedl 
eudiometer.  Thus,  for  example,  if  one  mea- 
fure  of  pure  nitrous  gas  be  added  to  the  fame 
quantity  of  common  air,  after  a complete  mix- 
ture of  the  two  has  been  effedted,  the  airs  will 
only  occupy  the  fpace,  on  an  average,  of  about 
x.o8  inftead  of  2.  and  confequently  .92  parts 
will  have  been  abforbed.  This  refult  Dr. 
Prieftley  was  in  the  habit  of  denoting  by  the 
expreffion,  that  the  air  was  of  the  purity  of  r.08, 
equal  parts  of  the  two  gaffes  being  always  ufed. 
This  proportion  of  nitrous  gas  is  indeed  more 
than  fufficient  to  faturate  the  oxygen  of  the  at- 
mofpherical  air,  but  as  no  error  can  arife  from 
an  excefs  of  nitrous  gas  equal  to  that  of  having 
a deficiency  of  it,  thefe  proportions  are  gene- 
rally ufed  for  all  airs  fuppofed  to  contain  not 
much  more  oxygen  than  the  atmofphere.  For 
giving  comparative  refults  of  the  oxygenation  of 
airs,  therefore,  no  further  calculations  would  be 
requifite,  could  the  purity  of  the  nitrous  gas  be 
enfured.  But  as  the  expreffion,  an  air  of  the 
purity  of  1.08,  only  implies  that  1.08  is  the 
unabl'orbed  refidue  when  1.  of  nitrous  gas  is 
mixed  with  1.  of  common  air,  or  in  other 
words,  an  abforption  of  .92  parts,  the  adfual 
quantity  of  oxygen  contained  in  the  air  muft 
be  fought  for  by  other  data,  which  fhall  de- 
termine the  relative  proportions  in  which  ni- 
trous air  and  oxygen  muft  be  combined  to  pro- 
duce a total  abforption,  and  form  nitrous  acid. 
Thus  if  it  is  found  that  3 parts  of  nitrous  gas 
are  required  fully  to  faturate  and  convert  into 
nitrous  acid  x part  of  oxygen  gas,  the  .92  parts 
abforbed  in  the  former  inftance  will  have  been 
produced  by  the  union  of  .69  of  nitrous  gas 
and  .23  of  oxygen  ; and  as  all  the  oxygen  is 
removed  from  the  air  by  this  treatment  (there 
being  much  more  than  fufficient  nitrous  gas  for 
the  purpofe)  we  may  thence  infer  that  xoo  parts 
of  the  atmofpherical  air  examined  contains  23 
of  oxygen. 

The  eudiometer  by  nitrous  gas  therefore  re- 
quires, for  adfual  refults,  the  fupport  of  ano- 
ther effential  experiment,  in  which  refpedt  the 
chance  of  error  is  greater  than  if  the  oxygen 
was  removed  by  a folid  or  a liquid  put  in  con- 
tact with  the  air  to  be  examined,  and  where  all 
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the  refidue  might  be  (imply  that  of  the  unab- 
forbed portion  of  this  air  alone.  This  difference 
however  in  the  mode  of  eftimation  would  be 
of  no  importance  could  the  a£lion  of  nitrous 
gas  be  brought  to  be  uniform  under  all  cir- 
cumftances,  and  diverted  of  many  anomalies 
and  uncertainties  that  now  attend  its  ufe.  The 
chief  of  thefe  are  the  following  : 

By  the  very  ingenious  and  accurate  experi- 
ments of  Fontana,  Ingenhouz,  and  Cavendifh, 
it  has  been  fully  (hewn  that  different  portions 
of  the  very  fame  gaffes  will  undergo  an  enor- 
mous difference  of  abforption  according  to  the 
width  of  the  tube  in  which  they  are  mixed,  the 
time  of  (landing  together,  the  mode  of  fhaking, 
and  other  fmaller  manipulations.  Thus,  as  Mr. 
Cavendifh  has  obferved  e,  if  I meafure  of  nitrous 
gas,  and  as  much  common  air  be  rapidly  mixed 
and  immediately  (haken,  the  abforption  will  be 
nearly  half  the  mixture,  but  if  the  airs  are  fuf- 
fered  to  remain  in  conta£l  about  a fourth  of  a 
minute  before  they  are  (haken,  the  abforption 
will  be  no  more  than  about  .8.  The  nature  of 
the  water  too  in  which  the  experiment  is  made 
is  found  mod  materially  to  influence  the  refult. 
Thefe  differences  might  however  be  avoided, 
and  the  experiments  made  in  this  way  might  be 
univerfally  comparable  if  chemifts  would  agree 
to  adopt  the  fame  precife  method  of  operating 
in  all  the  minute  particulars  that  are  found  to 
affedl  their  accuracy. 

Thus  Mr.  Cavendifh,  by  obferving  thefe  pre- 
cautions, was  enabled  to  afeertain  the  very  great 
uniformity  of  the  compofition  of  common  air 
in  different  feafons  and  (ituations. 

The  a£tual  quantity  of  oxygen  contained  in 
the  air  examined  is  found  (as  above-mentioned) 
by  the  known  compofition  of  nitric  acid  ; there 
is  however  another  method,  which  is  the  re- 
moval of  unfaturated  nitrous  gas  from  the  re- 
fidue which  contains  only  this  gas  and  azot, 
and  thus  leaving  the  azot  belonging  to  the  air 
examined.  For  this  purpofe  however  it  is  ef- 
fential  to  enter  into  a minute  inveftigation  of 
the  nature  of  the  nitrous  gas  employed,  and  to 
afeertain  what  are  its  impurities,  and  whether  it 
can  contain  any  azot,  which,  by  mixing  with 
the  azot  of  the  common  air,  might  occafion  an 
error  in  the  inference  drawn  from  the  quantity 
of  unabforbed  refidue. 

The  very  elaborate  feries  of  experiments  on 
this  fubjeft  undertaken  by  Humboldt f firft, 
and  afterwards  by  this  chemift  and  Vauquelin5, 
require  fome  attention  in  this  place,  though  all 
the  obfervations  contained  therein  have  not  been 
• i’hiL  Trauf.  vol.  73.  1 An.  China,  tom.  38.  p.  jz 3. 


confirmed  by  other  enquirers,  and  though  fome 
of  the  calculations  are  founded  on  hypothetical 
data,  and  imply  a minutenefs  of  inveftigation- 
on  which  the  known  uncertainty  of  thefe  ex- 
periments will  not  allow  us  to  place  implicit 
confidence. 

According  to  the  above-mentioned  chemifts, 
when  nitric  acid  of  any  ftrength  i's  added  to 
copper  wire  (which  is  the  ufual  method  of  pro- 
curing nitrous  gas)  an  eftervefcence  more  or 
lefs  vehement  takes  place,  and  a gas  is  difen- 
gaged  confiding  of  nitrous  gas,  but  always 
mixed  with  a portion  of  azot.  The  quantity 
of  the  latter  is  found  to  vary  extremely  accord- 
ing to  the  ftrength  of  the  acid,  being  from  about 
one-tenth  to  nearly  half  the  entire  gas.  Hence 
the  neceffity  of  finding  that  degree  of  ftrength 
of  the  acid  which  will  produce  the  pureft  ni- 
trous gas : and  this  degree  Mr.  Humboldt  dates 
to  be,  that  in  which  the  fpecific  gravity  is  about 
1. 15  to  1. 17,  or  from  17  to  21  of  Beaume’s 
areometer.  An  acid  either  ftronger  or  weaker 
than  this  gives  a much  more  impure  gas. 

The  mixture  of  azot  with  the  nitrous  gas  the 
above  chemifts  afeertain  in  two  ways,  by  fulphat 
of  iron  and  by  oxymuriatic  gas.  Dr.  Prieftley 
had  found  h that  when  nitrous  gas  was  agitated 
with  a folution  of  fulphat  of  iron,  a large  por- 
tion of  the  gas  was  abforbed  and  the  folution 
became  thereby  of  a dark  reddifh  black  colour, 
and  acquired  an  acid  tafte,  whilft  the  unabforbed 
refidue  was  pure  phlogifticated  (azotic)  air,  or 
nearly  fo,  as  one  meafure  of  it  with  as  much  of 
frefh  nitrous  air  occupied  the  fpace  of  1.92 
meafures.  Hence  if  the  refidue  be  the  azot 
preexifting  in  the  nitrous  gas,  and  not  formed 
by  the  action  of  the  fulphat  of  iron,  this  appears 
a fimple  and  ready  way  of  afeertaining  the  purity 
of  the  nitrous  gas,  and  removing  it  from  the 
azot  left  in  thefe  eudiometrical  experiments. 

The  precife  nature  of  this  mutual  adlion  of 
nitrous  gas  and  fulphat  of  iron  was  examined 
by  Meffrs.  Humboldt  and  Vauquelin  in  the  fol- 
lowing way:  to  a folution  of  iy  ounce  of  ful- 
phat of  iron  252  cubic  inches  of  nitrous  gas 
were  thrown  up,  of  which  180  were  fpeedily 
abforbed.  The  fame  gas  had  been  previoufly 
tried  with  the  fame  teft,  and  the  whole  was  ab- 
forbed except  a refidue  of  1 2 per  cent,  which 
was  azot.  This  folution  of  iron  then  (hewed 
the  following  appearances:,  ift,  with  potafh,  a 
deep  green  oxyd  of  iron  was  feparated,  and  a 
very  fenfible  ammoniacal  fmell  was  given  out  : 
2d,  with  fulphuric  acid,  white  vapours  were 
expelled,  which  were  found  to  be  nitrous  acid 

* D*  D°  p.  181,  k Expts.  on  Air,  vol.  3.  p.  13. 
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3d,  tinCture  of  litmus  was  ftrongly  reddened  by 
the  folution,  though  the  nitrous  gas  had  paffed 
through  potafh  in  its  way  to  the  folution  of  iron. 
From  thefe  trials  the  prefence  of  an  acid  in  ex- 
cefs,  of  nitric  acid,  and  of  ammonia  were  de- 
tected, and  confequently  forne  change  mull  have 
taken  place  capable  of  converting  the  nitrous 
gas  into  nitrous  acid,  and  of  uniting  azot  and 
hydrogen  (the  conftituents  of  ammonia)  in  fuch 
a manner  as  to  produce  this  alkali  from  ma- 
terials which  gave  no  indication  of  it  before  mix- 
ture. For  further  certainty  the  folution  was  put 
into  a retort,  fuperfaturated  with  potafh,  and 
diftilled  gradually  nearly  to  drynefs.  The  dif- 
tilled  liquor  had  an  ammoniacal  fmell  and  gave 
white  fumes  when  a piece  of  glafs  moiflened 
with  muriatic  acid  approached  it,  and  being 
afterwards  faturated  with  this  acid  and  diftilled 
to  drynefs,  4 grains  of  pure  muriated  ammonia 
were  collected.  The  firft  refidue  (or  that  of  the 
fulphat  of  iron  with  nitrous  gas  and  potafh 
nearly  dry)  was  then  wafhed  with  pure  water, 
which  by  fubfequent  evaporation  gave  1 7 grains 
of  nitre. 

To  compleatthe  experiment,  the  gas  that  had 
efcaped  the  firft  aCtion  of  the  iron  folution, 
amounting  to  72  cubic  inches,  was  agitated  with 
fulphat  of  iron  and  a large  portion  was  abforbed. 
If  it  had  contained  the  whole  of  the  azot  of  the 
252  inches  of  nitrous  gas  (amounting  at  12 
er  cent,  to  30.24)  only  42  inches  would  have 
een  abforbed,  but  inftead  of  this  the  whole  dif- 
appeared  except  8.64  inches  of  azot.  Hence 
it  follows  that  the  difference  between  8.64  and 
30.24,  or  about  21  inches  of  azotic  gas  had 
alfo  been  abforbed  by  the  iron  folution  as  well 
as  the  nitrous  gas.  It  is  to  this  abforption  of 
azot  that  the  authors  of  this  experiment  chiefly 
look  for  the  explanation  of  the  prefence  of  the 
ammonia  in  the  folution.  Both  nitric  acid  and 
ammonia  are  allowed  to  be  formed  in  the  ex- 
periment, the  nitrous  gas,  fay  they,  gains  the 
oxygen  neceffary  to  complete  its  acidification  by 
decompofing  part  of  the  water  prefent.  The 
hydrogen  of  the  decompofed  water  then  unites 
to  the  difengaged  azot  (prefent  in  the  proportion 
of  12  per  cent,  of  the  entire  gas)  and  forms 
ammonia,  and  again  the  nitrat  of  ammonia  de- 
compofes  by  double  affinity  an  equivalent  por- 
tion of  fulphat  of  iron,  fo  that  the  folution  con- 
tains nitrat  of  iron,  fulphat  of  ammonia,  and 
fulphat  of  iron,  and  the  refidual  gas  is  fimply 
that  portion  of  the  azotic  impurity  of  the  ni- 
trous gas  which  has  efcapcd  the  complicated 
aCtion  of  thefe  affinities. 

ML  Humboldt  then  endeavours  to  confirm 


this  hypothefis  of  the  prefence  of  azot  in  nitrous 
gas  being  accidental  and  preexiftent  in  the  gas 
before  the  aCtion  of  the  iron  folution  (on  which 
the  whole  of  his  eudiometric  fyftem  is  founded) 
by  analyzing  the  fame  nitrous  gas  by  oxymuri- 
atic  acid  gas.  By  this  reagent  (allowing  for 
corrections  in  the  eftimate  on  account  of  the 
impurity  of  the  acid  gas  and  of  the  water 
whereby  the  two  gaffes  are  mixed)  Mr.  H.  finds 
a larger  refidue  of  azot  than  when  fulphat  of 
iron  is  ufed  to  decompofe  the  nitrous  gas. 
Now  the  oxymuriatic  acid  will  certainly  abforb 
and  oxygenate  the  nitrous  gas,  but,  as  the  au- 
thor of  the  experiment  fuppofes,  it  will  not  act 
in  any  way  upon  any  portion  of  azot  that  may 
be  mixed  with  it  as  in  the  former  cafe,  nor  will 
there  be  any  ammonia  formed  in  this  inftance, 
the  prefence  of  this  alkali  being  abfolutely  in- 
compatible with  this  acid.  Hence  the  increafe 
in  the  quantity  of  refidual  azot  is  fuppofed  to 
be  owing  to  the  addition  of  that  portion  which, 
when  the  fulphat  of  iron  was  ufed,  went  to  form 
ammonia,  and  which  therefore  may  be  now 
eftimated.  Thus,  in  the  aCtual  numbers  of  a 
given  experiment  (with  the  corrections  that  the 
reader  may  be  aware  of  the  difficulties  that  op- 
pofe  a very  accurate  refult)  100  parts  of  nitrous 
gas  mixed  with  as  much  oxymuriatic  acid  gas 
left  a refidue  of  20  parts  of  azot.  The  acid 
gas  was  previoufly  found  to  be  abforbed  by 
water  all  but  10  per  cent,  of  air  nearly  atmof- 
pherical,  of  which  4 parts  were  found  to  be 
oxygen  and  6 azot  ; and  confequently  thefe 
6 parts  of  azot  muft  be  deduCted  from  the  re- 
fidue of  20,  leaving  14  for  the  whole  of  the 
azot  preexifting  in  the  nitrous  gas.  On  the 
other  hand,  100  parts  of  the  fame  nitrous  gas 
analyzed  by  fulphat  of  iron  left  1 1 parts  of  azot. 
Of  this  number  2 are  to  be  deduCted  for  the 
azot  of  the  interftitial  air  of  the  folution,  and 
the  remaining  9 parts  are  the  quantity  of  pre- 
exiftent azot  in  the  100  parts  of  nitrous  gas 
as  indicated  by  the  latter  mode  of  analyfis.  Con- 
fequently the  difference  in  the  quantity  of  azot 
indicated  by  the  two  modes  of  analyfis,  that  is 
between  14  and  9,  or  5 parts,  are  fuppofed  to 
be  the  azot  entering  into  the  compoiition  of  the 
ammonia  which  is  formed  only  in  the  firft  in- 
ftance. 

Humboldt  has  fhewn  very  fatisfaftorily  that 
the  eudiometrical  mixture  of  nitrous  gas  and 
atmofpheric  or  oxygen  gas  cannot  be  made  to 
anfwer  when  performed  over  mercury,  which 
were  it  practicable  would  be  highly  to  be  wilhed 
on  account  of  the  complication  in  the  experi- 
ment caufed  by  the  aCtion  of  water  alone  on 
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nitrous  gas,. and  alfo  of  the  air  contained  in  all 
common  waters.  But  when  the  mixture  is 
made  over  mercury,  though  the  nitrous  gas 
unites  with  the  oxygen  as  ufual,  the  mixture 
remains  in  the  gafeous  or  vaporous  form  for 
want  of  the  contact  of  fome  fluid  capable  of 
abforbing  the  new  products.  Confequently  the 
experiment  muft  be  made  over  water  and  not 
mercury. 

The  above  experiments  on  the  fource  of  the 
refidual  azot  and  the  deductions  from  them, 
have  however  been  objeted  to  by  Berthollet, 
and  every  thing  that  comes  from  fo  excellent  an 
obferver  deferves ’"attention,  though  we  cannot 
confider  the  objection  as  entirely  valid.  When 
nitrous  gas  is  agitated  with  diftilled  water,  a 
diminution  of  from  io  to  14  per  cent,  takes 
place,  and  as  Humboldt  has  obferved,  nitrated 
ammonia  is  found  in  the  water,  which  he  at- 
tributes to  the  fame  caufe  as  in  the  formation 
of  the  fame  compound  by  nitrous  gas  and  a 
folution  of  fulphat  of  iron,  that  is,  to  a decom- 
pofition  of  part  of  the  water,  its  oxygen  fatu- 
rating  part  of  the  nitrous  gas  to  form  nitric 
acid,  and  its  hydrogen  combining  with  the 
azotic  impurity  of  the  nitrous  gas  to  form  the 
ammonia.  To  this  explanation  Berthollet  objets 
that  the  quantity  of  ammonia  is  extremely  fmall 
compared  to  that  of  the  nitric  acid  produced  ; 
that  if  potafh  be  diflolved  in  the  water  the  di- 
minution of  the  gas  is  much  fpeedier  and  no  am- 
monia whatever  is  formed,  but  only  nitric  acid, 
which  is  found  in  the  form  of  nitrat  of  potafh 
when  the  water  is  examined  •,  that  the  eletric 
fpark,  according  to  Van  Marum,  caufes  the  ab- 
forption  of  nearly  three-fourths  of  the  volume  of 
the  nitrous  gas  when  over  water,  and  the  refidue 
, is  azot ; but  when  over  mercury,  only  of  about 
half  its  bulk ; and  from  thefe  and  other  obfer- 
| vations  he  concludes  that  the  azot  left  after  all 
thefe  operations  is  not  a mere  impurity  of  the 
nitrous  gas,  but  is  produced  by  the  decom- 
pofition  of  the  nitrous  gas  itfelf.  Thus  he  con- 
cludes that  water,  potafh,  the  eletric  fpark, 
&c.  have  the  power  of  effecting  a decompofltion 
of  the  nitrous  gas  neither  by  adding  nor  taking 
i away  any  fubftance,  but  Amply  by  concentrating 
the  oxygen  in  one  portion  to  its  exclufion  in  the 
other.  The  portion  in  which  the  oxygen  is 
concentrated  is  therefore  converted  to  nitric 
1 acid,  and  that  from  which  it  is  withdrawn  is 
the  refidual  azot  gas.  In  further  confirmation 
I of  this,  the  fame  chcmift  mentions  that  on  ex- 
pofing  nitrous  gas  to  a cold  folution  of  fulphat 
! of  iron,  and  introducing  phofphorus  to  the  refi- 
due, it  did  not  diffolve  therein  as  phofphorus 


does  in  pure  azot,  but  only  became  foluble  after 
a fubfequent  fhaking  with  hydro fulphuret  of 
potafh,  whence  he  would  infer  that  nitrous  gas 
is  not  fo  compleatly  decompofed  by  fulphat  of 
iron  as  by  the  hydro-fulphuret. 

It  has  been  mentioned  that  Humboldt  lays 
much  ftrefs  on  the  comparative  teft  with  oxy- 
muriatic  gas,  and  finds  (as  his  theory  required) 
a greater  refidue  with  this  teft  than  with  that  of 
the  fulphat  of  iron.  Berthollet  however  aflerts 
that  on  operating  with  very  pure  nitrous  and 
oxymuriatic  gaffes,  adding  the  latter  to  the  for- 
mer very  carefully  to  avoid  the  leafl  fuper-fatu- 
ration,  the  gaffes  fo  totally  difappeared  that 
no  more  than  from  x to  2 per  cent,  of  the  vo- 
lume of  nitrous  gas  remained  at  all,  inflead  of 
14,  which  was  Humboldt’s  refult.  The  great 
defet  of  M.  Berthollet’s  explanation  of  the 
caufe  of  the  azot  is,  that  the  fource  of  the  hy- 
drogen of  the  ammonia,  allowed  on  all  hands  to 
be  produced  by  the  mutual  ation  between 
nitrous  gas  and  fulphat  of  iron,  and  even  fn  a 
fmaller  quantity  between  nitrous  gas  and  water, 
is  totally  unaccounted  for,  nor,  according  to  the 
antiphlogiftic  fyftem  of  chemiftry,  is  there  any 
fubftance  prefent  except  water  that  can  furnifh 
it.  If  therefore  fome  water  is  atually  decom- 
pofed and  its  hydrogen  thus  employed,  there  is 
a furplus  of  oxygen  which  may  go  either  to  the 
compleat  acidification  of  the  nitrous  gas  or  to 
the  compleat  oxygenation  of  the  fub-oxyd  of  iron 
of  the  fulphat.  The  other  part  of  the  valuable 
refearch  of  Humboldt,  confifting  of  many  ex- 
periments with  a view  of  finding  the  piecife 
point  of  faturation  between  nitrous  gas  and 
oxygen,  either  pure  or  in  atmofpheric  air,  will 
be  further  noticed  under  the  article  Nitrous 
Acid,  but  it  may  be  here  mentioned  that  he 
confiders  this  point  of  faturation  of  the  two 
gaffes  to  be  (in  bulk)  from  2.6  to  2.5  of  nitrous 
gas  to  r.  of  oxygen,  in  which  proportions,  there- 
fore, they  form  nitric  acid. 

Whatever  may  be  the  fource  of  the  azot  left 
unabforbed  in  the  refidue  of  nitrous  gas,  it 
appears  by  numerous  experiments  that  nitrous 
gas  applied  in  a gafeous  form , can  fcarcely  be 
depended  on  as  an  accurate  and  comparable 
eudiometer,  and  that  the  number  of  precautions 
required  to  ufe  it  with  tolerable  accuracy  is  too 
great  to  give  any  encouragement  to  adopt  it  as 
an  univerfal  inftrument. 

Of  n irons  gas  dijfolved  in  a folution  of  iron. 

The  objections  that  prevail  fo  powerfully 
againft  the  ufe  of  nitrous  gas  do  not  apply  in 
this  cafe-,  and  late  obfervations  have  fhewn  that 
this  teft  is  the  moft  expeditious  and  Ample  of 
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any  lcnown,  and  does  not  appear  to  yield  to 
any  in  accuracy.  Indeed  it  is  no  fmall  pre- 
fumption  in  its  favour,  that  the  refults  which  it 
gives  correfpond  very  clofely  with  thofe  of  the 
eudiometer  of  phofphorus,  hydroful phuret,  &c. 
whilft  the  fimple  nitrous  gas  eudiometer  always 
differs  from  the  others  in  a very  remarkable 
manner.  In  ufing  this  compound  folution,  no 
calculations  relative  to  other  gaffes  are  required, 
but  the  abforption  of  air,  on  mixture  of  the  gas 
to  be  examined  with  the  folution,  limply  indi- 
cates the  quantity  of  oxygen  contained  in  the 
air. 

This  eudiometer  (fird  adopted  by  Mr.  Davy)* 
is  as  fimple  as  poffible.  The  folution  is  made 
by  paffmg  nitrous  gas  through  green  fulphat  or 
inuriat  o(  iron  diffolved  to  faturation  in  water. 
As  the  gas  is  abforbed  the  folution  pafles  from 
olive  green  to  a deep  brown  or  almoft  black. 
A graduated  eudiometer  tube  is  then  filled  with 
the  air  to  be  examined,  and  put  in  contact  with 
the  folution,  which  by  very  gentle  agitation  will 
in  a few  minutes  abforb  all  the  oxygen  and 
leave  the  azot  untouched.  (The  mojl  convenient 
apparatus  for  this  and  other  eudiometrical  proccjfes 
* will  be  defcribed  in  the  Appendix.)  The  only  pre- 
cautions required  here  are  not  to  ufe  the  fame 
folution  twice,  to  keep  it  in  a well-ftopped 
bottle,  and  particularly  to  obferve  the  time  of 
the  greated  diminution  when  ufed,  for  fhortly 
after,  the  volume  of  the  refidual  gas  begins  again 
to  enereafe,  owing  perhaps  to  the  decompofition 
of  the  nitrous  gas  formed  in  the  experiment.  One 
cubic  inch  of  the  folution  of  moderate  ftrength 
will  abforb  5 or  6 cubic  inches  of  oxygen,  and 
therefore  will  be  fufficient  to  analyze  about  25 
inches  of  common  air. 

Of  the  fulphurets  as  Eudiometers. 

A mixture  of  iron  filings  and  fulphur  moid- 
ened  with  a little  water,  and  kept  in  a clofe 
veflel  for  about  twelve  hours,  was  the  eudio- 
meter employed  by  the  illuflrious  Schecle  in  his 
original  experiments  on  the  conftitution  of  the 
air  fo  early  as  the  year  1779.  The  fulphur  and 
iron  unite  by  the  help  of  the  moifture,  and  a 
fulphuret  is  formed  which  has  the  power  of 
very  completely  abforbing  the  oxygen  from  the 
atmolphere.  With  the  fimple  apparatus  of  a 
fmall  cup  of  this  mixture,  fupported  on  a fmall 
pedellal  in  the  midft  of  a jar,  graduated  and 
(landing  over  water,  this  excellent  chemift  ob- 
ferved  that  an  abforption  foon  vifibly  took  place, 
and  the  water  gradually  rofe  in  the  jar  during 
about  eight  hours,  after  which  no  further  rife 
look  place;  and  the  entire  contents  were  di- 


minifhed  about  9 parts  out  of  33  (the  entire  ca- 
pacity of  the  veffel  deducting  the  fpace  occupied 
by  the  cup)  or  about  27  out  of  100.  To  afccr- 
tain  whether  any  notable  change  took  place  in 
the  atmofphere  during  the  variety  of  feafons 
through  the  year,  he  continued  them  with  the 
fame  apparatus  for  a twelvemonth,  but  the  ab- 
forption was  always  from  24  to  27  per  cent, 
without  any  connexion  with  the  apparent  ftate 
of  the  atmofphere. 

This  is  to  be  confidered  as  a mod  valuable 
elementary  experiment  (and  quite  in  the  man- 
ner of  this  excellent  philofopher,  that  is,  of 
doing  great  things  with  fimple  means)  but  cir- 
cumflances  which  he  could  not  then  forefee  ren- 
der a more  minute  accuracy  neceffary  to  bring 
this  ted  to  the  perfection  of  which  it  is  capable. 
Dr.  Prieftley  found  that  a mixture  of  moif- 
tened  fulphur  and  iron  filings  after  a certain  time 
produces  a quantity  of  hydrogen  gas,  which, 
when  the  ted  is  ufed  eudiometrically,  will  mix 
with  the  azotic  gas  and  enlarge  the  bulk  of  the 
refidual  air,  thus  giving  the  appearance  of  a 
iefs  abforption  of  oxygen  than  has  really  taken 
place.  Hence  the  abforption  fhould  be  re- 
gidered  at  the  time  of  the  greated  diminution. 
The  fulphureted  alkalies  or  alkaline  earths  are 
equally  efficacious  with  the  mixture  of  fulphur 
and  iron  filings,  and  being  in  a liquid  date  they 
may  be  (haken  with  the  air,  which  will  fo  much 
(horten  the  operation  that  five  or  ten  minutes 
in  this  way  of  application  will  fuffice,  which  is 
often  a real  convenience. 

The  fulphuret  of  lime  is  made  by  boiling  to- 
gether fulphur,  lime,  and  water.  For  this  pur- 
pofe  mix  one  ounce  of  flowers  of  fulphur  with 
a little  pure  water,  put  it  into  a glafs  matrafs 
and  add  about  a quart  more  of  water,  and  3 
ounces  of  lime  broken  into  fmall  fragments; 
dop  the  veffel  loofely  with  a cork  and  boil 
gently  for  about  an  hour  with  frequent  fliaking. 
By  fubfidence  the  liquor  foon  becomes  clear, 
and  is  then  to  be  poured  without  delay  into 
clofe-dopped  bottles.  The  liquid  Ifulphuret  of 
potaffi  or  foda  will  anfvver  as  well,  and  thefe 
folutions  may  be  made  much  more  concentrated 
than  the  liquid  fulphuret  of  lime.  The  fimple 
apparatus  of  Dr.  Hope  (fee  the  Appendix ) may 
be  conveniently  ufed  in  this  eudiometrical  pro- 
cefs.  The  air  to  be  examined  and  the  liquid 
fulphuret  of  lime  are  (haken  together  for  five 
or  ten  minutes,  after  which  the  abforption  is 
complete. 

Guyton  has  propofed  to  haden  the  abforp- 
tion by  heating  the  folution,  but  it  appears  that 
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•with  a very  little  excefs  of  heat  there  is  clanger 
of  getting  a confiderable  admixture  of  fulphu- 
retted  hydrogen. 

Even  in  the  cold,  and  when  the  procefs  has 
been  put  an  end  to  as  foon  as  the  abforption  is 
complete,  the  refidual  azot  muft  contain  fome 
fulphuretted  hydrogen,  fince  it  has  the  ftrong 
fmell  peculiar  to  this  gas,  but  the  quantity  is  fo 
fmall,  that  though  fubi'equent  ffiaking  with  pure 
water  will  not  free  it  from  this  fmell,  no  per- 
ceptible diminution  is  found.  The  refidual  gas 
therefore  may  be  eftimated  as  entirely  azot 
without  danger  of  error. 

A more  important  circumftance  has  been 
mentioned  by  Marti k,  which  if  accurate,  ren- 
ders another  precaution  necellary.  It  appears 
from  this  that  liquid  fulphuret  of  lime  (and  pro- 
bably the  liquid  alkaline  fulphurets  alfo)  are 
capable  of  abforbing  a certain  portion  of  azot 
as  well  as  oxygen,  if  it  has  not  previoufly  been 
expofed  to  air  for  a ffiort  time.  The  quantity 
of  azot  thus  abforbed,  however,  is  very  fmall, 
though  fufficient  to  make  a very  fenfible  dif- 
ference in  the  calculation.  By  the  experiments 
here  given  the  abforption  of  azot  is  in  direct 
proportion  to  the  quantity  of  the  folution.  Thus 
when  one  part  of  common  air  was  fhaken  with 
20  parts  (in  bulk)  of  the  liquid,  the  abforption 
was  26  per  cent,  but  of  thefe  only  21  are  found 
to  be  oxygen,  and  therefore  5 of  azot  are  alfo 
abforbed.  To  prove  it,  the  experiment  was  re- 
peated with  the  fame  folution  that  had  ferved 
for  the  previous  experiment,  and  the  abforp- 
tion was  now  only  about  21  parts,  fhewing 
therefore  that  the  fulphuret  had  been  faturated 
with  azot  by  the  former  procefs.  The  fame 
folution  was  further  fhaken  with  pure  azot  but 
with  no  diminution  of  the  latter,  whereas  when 
a frelh  portion  of  the  folution  was  ufed  about 
.05  of  the  azot  were  abforbed.  With  a per- 
fectly frelh  fulphuret  that  had  been  clofely  kept 
from  air  till  cold,  and  then  ufed  immediately, 
the  abforption  of  azot  was  much  greater,  for  a 
twentieth  of  its  bulk  of  common  air  fhaken  with 
it  for  a few  minutes  diminilhed  full  one  half, 
and  confequently  the  air  had  loft  both  all  its  oxy- 
gen amounting  to  about  21  per  cent,  and  alfo 
29  of  its  azot.  But  it  is  never  necellary  to  ufe 
fuch  a large  proportion  of  the  folution,  a quan- 
tity equal  to  once  or  twice  the  bulk  of  the  air 
being  amply  fufficient,  and  for  perfe£t  accuracy 
it  will  therefore  be  advifeable  previoufly  to 
Ihake  it  with  a little  common  air,  (or  in  a bottle 
which  it  only  partly  fills)  after  which  it  may  be 
fafely  confided  in,  as  being  a very  excellent  and 


accurate  eudiometer.  The  fame  oblerver  alfo 
confirms  the  fa£fc  now  fo  well  eftablilhed,  of  the 
almoft  unvarying  proportion  of  oxygen  during 
all  the  fenfible  changes  of  the  atmofphere,  by 
a feries  of  obfervations  carried  on  for  a long 
time  at  Altafulla  in  Spain,  the  above  eudio- 
meter ffiewing"  at  all  times  from  21  to  11  of 
oxygen. 

Of  Phofphorus  as  an  Eudiometer. 

Phofphorus  is  capable  of  two  modes  of  com- 
buftion  when  in  contact  with  common  air ; the 
one,  rapid,  with  evolution  of  great  heat  and 
light,  the  other  flow,  with  the  production  only 
of  white  fumes  ftrongly  luminous  in  the  dark. 
The  latter  takes  place  when  the  temperature  is 
not  higher  than  about  90°  or  ioo°  (more  or  lei’s 
according  to  the  purity  of  the  phofphorus),  and 
it  is  this  mode  which  is  chiefly  ufed  for  eudio- 
metrical  purpofes.  It  is  Amply  and  conveniently 
performed  by  fixing  one  end  of  a long  thin  cy- 
linder of  phofphorus  in  a bit  of  a glafs  tube 
run  through  a cork  which  loofely  fits  the  open 
end  of  the  glafs  tube  or  narrow  jar  in  which  the 
air  is  contained,  and  immerfing  the  lower  part 
of  the  jar  in  cold  or  cool  water.  As  foon  as  the 
phofphorus  is  in  the  tube,  it  becomes  furrounded 
with  a white  fume,  luminous  in  the  dark,  which 
flowly  falls  to  the  bottom  and  is  abforbed  by 
the  water,  during  which  time  the  contained  air 
gradually  leflens  and  the  water  rifes  in  the  tube. 
The  abforption  is  compleat  when  the  contained 
gas  becomes  clear  and  no  longer  luminous, 
which,  in  a fmall  tube  with  a flick  of  phofphorus 
that  traverfes  nearly  the  whole  length  of  its 
bore,  and  at  a heat  of  about  70,  requires  from 
half  an  hour  to  an  hour.  The  procefs  fucceeds 
equally  well  though  in  a longer  time  at  a lower 
temperature : a heat  of  about  80  or  90  is  as 
much  as  the  phofphorus  will  ufually  bear  with- 
out adually  taking  fire,  which  may  readily  be 
avoided  by  obferving  that  it  melts  and  becomes 
glofly  on  the  furface  juft  before  it  kindles. 

Several  fa£ls  are  to  be  noticed  on  this  eu- 
diometer, the  exadl  operation  of  which  has 
been  afcertained  by  Goettling,  Berthollet,  and 
other  chemifts.  When  phofphorus  is  expofed 
to  air  at  any  temperature  below  that  at  which 
it  kindles,  the  firft  effect  feems  to  be  a folu- 
tion of  a minute  portion  in  the  azot  of  the 
furrounding  air,  and  this  phofphorized  azot 
then  immediately  unites  with  the  oxygen,  be- 
comes thereby  luminous,  and  phofphorous  acid 
abforbable  by  water  is  generated.  Hence  it  is 
(ftri£tly  fpeaking)  the  phofphorus  diflolved  in 
the  azot  that  is  the  eudiometer  in  this  inftance, 
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very  ftrong  decodbion,  which  is  then  evaporated 
generally  by  a boiling  heat,  till  of  a thick  treacley 
confidence,  after  which  it  is  dried  to  the  degree 
required  over  a dove,  or  in  fome  gentle  heat  to 
avoid  the  burning  and  confequent  deftrudbion 
of  the  medicinal  powers,  which  would  enfue 
were  not  the  heat  moderated.  The  particular 
precautions  required  for  certain  of  thefe  extracts 
need  not  here  be  enumerated. 

The  fpirituous  extracts,  or  thofe  in  which  the 
menftruum  is  alcohol  more  or  lefs  diluted,  are 
prepared  in  the  fame  general  way.  As  the  fub- 
ftance  extracted  by  alcohol  is  chiefly  refin,  thefe 
extradbs  are  often  called  refinous  extracts  or 
artificial  refins. 

When  the  vegetable  employed  is  a fucculent 
herbaceous  plant,  the  extradb  is  often  made 
without  the  addition  of  water,  merely  by  putting 
the  frefh  plant  under  a ftrong  prefs,  forcing  out 
all  the  natural  juice,  and  evaporating  it  flowly 
to  the  due  confidence.  The  extradb  of  hemlock 
is  made  in  this  way.  Thefe  preparations  are 
alfo  called  with  more  perfect  accuracy  Infpijfated 
Juices.  The  gum  refins  are  properly  the  native 
juices  of  plants,  infpiflated  by  the  evaporation 
of  the  watery  part  either  in  the  fun’s  heat  or  by 
artificial  fire,  or  fometimes  by  both.  The  cate- 
chu is  an  infpiflated  juice  of  this  kind,  and  is 
compofed  chiefly  of  tan  brought  to  a ftate  of 
drynefs. 

Chemiftry  is  indebted  to  Fourcroy  for  a very 
valuable  refearch  into  the  purely  chemical  nature 
of  extradb,  contained  in  his  elaborate  analyfis 
of  the  cinchona  of  St.  Domingo : a and  to 
Vauquelin  b for  an  excellent  enquiry  into  the 
fame  fubjedb  connected  with  the  analyfis  of  the 
fap  and  native  juices  of  the  fucculent  plants. 
All  thefe  memoirs  throw  much  light  on  the 
nature  of  extradb,  though  many  difficulties  dill 
remain. 

Fourcroy’s  operations  on  the  cinchona,  as  far 
as  relates  to  extradb,  are  the  following.  A pound 
(16  ounces)  of  the  cinchona  reduced  to  powder 
was  boiled  twelve  times  fucceflively  for  a quar- 
ter of  an  hour,  in  about  26  lb.  of  water  each 
time.  The  firft  decodbion  was  of  a deep  brown 
red,  very  bitter,  and  ftrongly  frothed  in  boiling, 
it  yielded  by  evaporation  in  a gentle  heat  5 oz. 
7 grs.  of  a brown  dry  extradb.  The  fecond 
decodbion  was  much  lefs  coloured,  and  gave 
only  9 drams  of  extradb  : the  third  gave  only  2 
gTS  ; and  thefenfible  qualities  of  each  decodbion 
regularly  diminifhed  to  the  twelfth,  which  was 
little  elfe  than  pure  water.  The  entire  quantity 
of  extradb  obtained  was  9 oz.  56  grains.  A 


fecond  feries  of  decodbions  was  made  in  pre- 
cifely  the  fame  way  and  with  the  fame  quan- 
tities, but  with  this  difference,  that  each  decoc- 
tion was  allowed  to  pool  before  evaporation,  in 
which  time  the  fix  firft  depofited,  in  decreafing 
proportions,  a quantity  of  black  tenacious  ex- 
tradb, apparently  infoluble  in  cold  water.  The 
fupernatant  liquors  were  then  united,  and  the 
whole  evaporated  to  2 lbs.  and  the  depofit 
on  cooling  was  added  to  the  other  extradb3, 
which  all  together  amounted  to  almoft  2 ounces 
lefs  than  the  quantity  obtained  in  the  former 
way,  which  therefore  remained  in  the  2 lbs.  of 
decodbion.  This  laft  on  mixture  with  alcohol 
depofited  about  an  ounce  of  a whitifh  cohefive 
mafs,  evidently  different  from  the  black  extrac- 
tive depofit,  and  was  mucilage.  Alcohol  there- 
fore appearing  a ufeful  reagent  in  this  analyfis, 
the  black  extradb  feparated  from  the  decodbions 
by  mere  cooling  was  treated  in  this  way,  to 
determine  whether  it  was  fimple  or  compounded. 
Accordingly  alcohol  was  boiled  on  it,  and  dif- 
folved  all  but  about  which  remained  in  the 
form  of  a fine  red  powder.  This  laft  digefted 
with  cold  water  loft  a third  of  its  weight  of 
mucilage,  fimilar  to  that  precipitated  from  the 
decodbion,  and  the  remainder  was,  as  before,  a 
fine  red  powdery  fubftance,  the  nature  of  which 
will  be  prefently  mentioned..  The  alcoholic 
folution  was  then  let  to  ftand  expofed  to  air  for 
fome  days,  when  it  depofited  a fmall  quantity 
of  brilliant  cryftalline  grains.  It  was  then  mixed 
with  water,  and  in  fome  hours  there  feparated 
a number  of  white  flocculi.  Laftly,  the  alcohol- 
and  water  were  totally  evaporated,  and  a large 
quantity  of  extradb  remained.  By  repeating 
this  mode  of  analyfis  with  the  entire  extradb 
obtained  by  the  firft  procefs  (which  was  there- 
fore the  whole  of  the  matter  which  a pound  of 
cinchona  would  yield  by  boiling  with  water  to 
exhauftion)  all  the  above  fubftances  were  ob- 
tained in  the  following  proportions 


Mucilage  ------  1 

Cryftalline  grains  feparated  ft 

from  the  folution  - - / 

Flocculi  feparated  by  adding  ft  _ 
water  to  the  folution  - J 
Red  powder  infoluble  in  alcohol  — 
Extradb  left  at  laft  - - - - 7 

Lofs 


gros. 

1 


grs. 

O 


1 12 

2 O 

o 4+ 


9 o 56 
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It  appears  therefore  that  the  extrait  is  in  by 
far  the  greateft  proportion,  which,  with  the  red 
powder,  are  the  only  fubftances  to  be  particularly 
confidered  in  this  place.  It  may  be  juft  added 
that  the  mucilage  very  clofely  refembled  the 
common  gum-mucilages,  the  cryftalline  grains 
were  infoluble  in  alcohol  and  in  cold  water,  but 
yielded  to  a large  quantity  of  boiling  water, 
difl'olved  in  the  alkalies  and  gave  fome  ammonia 
by  diftillation  ; but  the  exait  nature  of  this  fub- 
ftance  is  not  known,  and  the  flocculi  refembled 
in  every  refpeit  the  gluten  of  wheat. 

The  red  powder  the  author  fhews  to  be  clearly 
different  from  refin  or  any  of  the  fuppofed  im- 
mediate vegetable  principles.  Though  its  in- 
folubility  in  water  would  make  it  approach  to 
the  nature  of  refin,  its  equal  infolubility  in 
alcohol  refutes  this  conjeiture.  Neither  does 
it  melt  at  a gentle  heat,  but  it  unites  with  alka- 
lies immediately  and  infeparably,in  both  of  which 
properties  it  differs  from  refin.  Its  colour  is  ex- 
tremely durable  and  little  altered  by  the  oxy- 
muriatic  acid.  The  true  nature  of  this  red 
powder  feems  to  be  in  a good  meafure  explained 
by  that  of  the  ex  trait. 

This  extrait  is  obvioufly  from  its  quantity 
and  its  fenfible  properties  the  moft  important  of 
the  foluble  parts  of  the  cinchona.  When  quite 
dry  it  is  hard  and  brittle  and  fhining  in  its  frac- 
ture, of  a black  or  deep  brown  colour,  and  in- 
tenfely  bitter.  Neither  gum  nor  refin  refembles 
it  in  the  united  properties  of  being  foluble  totally 
and  permanently  in  hot  alcohol,  and  infoluble  in 
cold  water,  but  diffolving  entirely  in  hot  water, 
with  the  feparation  of  the  greater  part  (but  not 
the  whole)  on  cooling,  unlefs  largely  diluted. 
The  oxymuriatic  acid  was  tried  as  a reagent  on 
a fmall  portion  of  this  extrait  diffolved  in  a large 
quantity  of  water.  The  firft  effeit  of  the  acid 
paffed  in  the  form  of  gas  through  the  folution, 
was  to  give  it  a clear  red  colour  and  to  feparate 
a red  flocculent  powder.  A greater  quantity  of 
the  gas  deprived  the  liquor  of  colour  and  much 
lightened  that  of  the  powder.  After  feparating 
all  the  red  flocculi,  which  amounted  to  -f  of  the 
extract  originally  employed,  the  liquor  now 
faturated  with  the  gas  gave  by  evaporation  a 
black  acerb  matter  mixed  with  muriatic  acid. 

This  extrait  therefore  appears  by  this  analyfis 
to  be  compofed  of  two  parts,  one  capable  of 
being  converted  by  oxymuriatic  acid  into  a red 
pulverulent  fubftance,  and  the  other  not  aited 
on  by  this  fubftance.  On  examining  the  above 
red  powder  it  was  found  alfo  to  refemble  very 
clofely  the  red  powder  mentioned  above  as  one 
of  the  conftituents  of  the  cinchona.  The  author 


therefore  concludes  that  this  Lift  confifts  of  the 
true  extrait  altered  by  abforption  of  oxygen, 
fince  a fimilar  powder  is  produced  by  the  direct 
aition  of  oxvmuratic  acid  on  extract ; and  infers 
that  the  oxygenation  in  the  former  cafe  is  pro- 
duced by  the  gradual  aition  of  the  atmofphere 
on  the  furface  of  the  decoction  during  the  long 
expofure  in  the  time  of  evaporation.  In  con- 
firmation of  this  hypothefis  he  adds  that  the 
quantity  of  this  red  infoluble  powder  generated, 
is  in  direit  proportion  to  the  time  of  expofure 
to  air,  and  hence  as  it  appears  to  be  nearly  inert 
on  the  human  conftitution,  it  has  been  lately 
thought  proper  in  pharmacy  to  avoid  this  deteri- 
oration of  the  extrait  by  boiling  the  decoition 
only  for  a few  minutes  and  in  a covered  veffel. 

Extrait  when  heated  per  fe  to  decompofition 
gives,  befides  the  ufual  vegetable  produces,  a 
fmall  quantity  of  ammonia,  which  indicates  the 
prefence  of  azot,  but  whether  this  is  an  effential 
part  of  extrait,  or  only  arifes  from  fome  ad- 
hering portion  of  gluten,  is  very  doubtful. 

A very  pure  extract  has  long  been  known  in 
pharmacy  by  the  name  of  Effential  Salt  of  Count 
la  Garaye,  who  firft  conceived  the  idea  of  pre- 
paring the  fuppofed  effential  or  finer  part  of  the 
foluble  matter  of  cinchona  and  other  fubftances 
by  infufion  in  cold  water,  afiifted  by  extreme 
and  long  continued  agitation.  This  laft  was 
firft  performed  by  fmall  mills  and  a very  com- 
plicated apparatus,  but  was  afterwards  found 
unneceflary.  This  prepai'ation  is  made  Amply  by 
adding  cold  water  to  the  powdered  bark,  {halting 
them  together  frequently  during  a maceration 
of  two  days,  and  then  flowly  evaporating  the 
infufion,  which  is  ftrongly  impregnated  with 
the  fenfible  and  active  properties  of  the  cinchona. 
The  extrait  thus  prepared,  if  the  evaporation 
be  well  managed,  has  a fine  granular  cryftalline 
appearance,  whence  the  inventor  took  it  for  an 
effential  fait.  It  is  fcarcely  foluble  in  cold  water 
and  a good  deal  refembles  the  red  powder,  the 
fuppofed  oxygenated  extrait ; but  it  has  not 
been  examined  in  a very  fatisfaitory  way. 

The  above  are  the  general  properties  of  the 
extract  obtained  by  the  decoition  of  the  peru-- 
vian  bark,  and  will  apply  with  fome  latitude  to 
that  of  moft  other  barks  and  woods.  With 
many,  howrever,  a large  portion  of  tan  is  mixed 
which  may  be  feparated  by  folution  of  ifinglafs, 
or  any  other  gelatin. 

We  proceed  to  the  properties  of  the  extrait 
as  contained  in  the  native  juices  of  plants,  and 
therefore  probably  in  a purer  ftate,  at  leaft  being 
already  in  a ftate  of  folution,  all  the  changes 
liable  to  be  produced  by  decoition  with  water 


3 I- 


- 

' ■■■  ■ - 1 . 

■ ■ i.  . 

4 , 

' ' • ' 

• - ■■  - *r  . . \ 

■ 

' 

' 

. > l'  JO 

tL  ’ ' 

’•*  ' • 

1 ' - > • 

■ J Sjli  ft  KJ  i •.  ^ 


) 


■ »li;  jj  t ; i ' . , ’ ■ - ' 

’ ' ■ I ■ ,,  *3 

’ / 

1 ' - . - , 

■ 

, ■ 

• i : , ’ 

■ 

‘ ■ i ■ 

' 

1 r ■"  • 

’?  : ••  . ; ■ 

■ 

■■  - • _ -■••• 

1 1 : ...  . - . . J 

1 

1 • :’i-  • 


. . ;t  . . , . ■ t u.  . 

• V . . r . ( 

■■■■•'  • 

' 

»* > ^ * i , 

; 

- - ^ 

. 

•*  ■*  * .i  . - , , 

I 

■ * ; 1 ^ 


/ 

• • i -CifJ.  . i . .x  . 

•' • • 

■ * - - - .. 
t - ' ^ 

t ♦*  -•  - . . ; 

r. ■'**■■■-  - - . . . ; 

■ 

J 1 J .*  iO  t.  A 


„ 


. 

’ 

’ 


‘ J -- 


- . . .J 


- ' 


• * . . I 

- > 


J - - ■ -.Vi-  - - . -.1  - . > . . - 


. 

i ••  - . ... 

* -v  - ■-  } 


#*  a. 


FEC 


F E C 


( 424  ) 


be  obtained  free  from  colour  and  tafte.  The 
root  or  grain  employed  mud  firft:  be  thoroughly 
bruifed,  rafped,  or  broken  down  in  any  way, 
and  then  walhed  with  a quantity  of  cold 
water,  which  becomes  immediately  turbid,  and 
if  the  fecula  is  white,  milky  *,  and  fimply  holds 
the  fecula  fufpended  in  a ftate  of  extreme  divi- 
fion,  but  without  diffolving  any  portion  of  it. 
This  turbid  water  is  then  to  be  immediately 
feparated  from  the  fibrous  pulp  by  a fieve,  and 
allowed  to  remain  at  reft  for  a time,  when  the 
fecula  will  be  found  at  the  bottom,  in  the  form 
of  a very  fine  clofe-grained  powder,  but  without 
any  tenacity  or  cohefion,  fomewhat  of  the  con- 
fidence of  very  fine  wetted  fand.  It  fhould 
then  be  wafhed  repeatedly  with  abundance  of 
water,  till  this  comes  from  it  quite  infipid. 

The  extraction  of  fecula  is  therefore  as  fimple 
as  poflible,  confiding  in  fa£t  only  of  a fingle 
operation,  that  of  wafhing  out  with  cold  water, 
but  it  is  only  from  grains  and  fome  roots  that  it 
can  be  procured  fo  eafily,  for  this  fimple  me- 
thod will  not  fucceed  in  the  nut  or  kernel 
feeds,  in  which  the  mixture  of  oil,  fecula,  and 
mucilage  is  fo  intimate,  that  both  diffolve  toge- 
ther into  a milky  emulfion  when  agitated  with 
water ; nor  will  mere  wafhing  eafily  feparate  the 
fecula  from  many  of  the  juices,  fruits,  and  foft 
parts  in  which  it  is  intimately  combined  with 
mucilage,  extraCf,  and  faline  fubftances. 

In  all  procefles  for  the  reparation  of  fecula 
from  other  vegetable  matters,  it  fhould  be  con- 
ftantly  kept  in  mind  that  only  cold,  water  is  to  be 
employed,  for  when  hot  it  diffolves  readily. 

Pure  fecula  (taking  ftarch  for  an  example)  is 
a white  powder  nearly  if  not  abfolutely  infipid, 
fomewhat  adhering  to  the  tongue,  but  readily 
foftening  down  in  the  mouth  into  an  incohering 
pulp.  When  examined  with  care  in  a ftrong 
light,  and  efpecially  with  the  help  of  a lens,  it 
is  feen  to  be  compofed  of  fmall  femi-tranfparent 
globules,  with  a fattiny  glofs  b and  fomewhat  of 
a cryftalline  arrangement.  When  in  mafs  and 
fqueezed  between  the  fingers,  it  breaks  with  a 
flight  fnap  and  a peculiar  fhort  feel  not  eafily 
defcribed.  It  is  not  eafily  moiftened  with  cold 
water,  on  the  furface  of  which  it  fwims  till 
thoroughly  wetted. 

Pure  ftarch  when  heated  ftrongly  in  the  open 
air,  paffes  from  yellow  to  red  and  brown,  foftens, 
puffs  up,  exhales  a white,  pungent,  acid-fmelling 
fmoke,  exaftly  refembling  that  of  mucilage  or 
fugar,  and  leaves  a fpongy  and  rather  bulky 
coal.  The  produCIs  of  its  diftillation  are, 
a water  loaded  with  pyromucous  acid,  fome 
k Fourcroy  Syft.  de  Conn.  Chim, 


drops  of  a red  or  brown  oil,  much  carbonic 
acid  and  hydrocarbonous  gaffes.  The  coal  when 
fully  calcined  leaves  flight  traces  of  potafh  and 
phofphat  of  lime. 

Starch  does  not  eafily  alter  in  the  air,  but  by 
very  long  keeping  it  runs  into  clots,  and  gets  a 
four  and  rancid  fmell. 

Fecula  rubbed  with  a little  cold  water  only 
makes  an  incoherent  mafs,  which  on  drying 
cracks  into  fmall  pieces.  With  more  water  and 
a moderate  warmth  the  mixture  ferments  faintly, 
and  turns  four,  probably  by  producing  tire  ace- 
tous acid. 

Boiling  water  however  a£3rs  in  a very  different 
manner  on  fecula,  for  it  fpeedily  and  totally 
diffolves  it  into  a thick,  tenacious,  tranfparent 
gelly,  as  is  daily  feen  in  the  domeftic  ufes  of 
ftarch.  This  gelly  becomes  thicker  and  more 
tenacious  by  long  boiling,  and  it  will  unite  with 
boiling  water  in  any  proportion. 

By  flow  evaporation  the  gelly  (hrinks  in  every 
direftion,  and  at  laft  dries  into  a nearly  tranfpa- 
rent brittle  fubftance,  fo  clofely  refembling  the 
evaporated  folution  of  mucilage,  that  fcarcely 
any  difference  can  be  found  between  the  two. 

The  gelly  when  much  diluted  and  dried  on 
very  extended  furfaces  gives  only  a kind  of 
varnilh  and  ftiffnefs,  for  which  it  is  of  great 
ufe  in  the  ftarching  of  linen. 

Moft  of  the  acids  diffolve  fecula  readily, 
efpecially  when  hot,  and  with  nearly  the  fame 
appearances  that  attend  their  adlion  on  mucilage 
and  fugar.  The  nitric  acid  however  does  not 
produce  with  fecula  the  Mucous  acid,  as  it  does 
with  gum  mucilage. 

The  alkalies  diffolve  fecula  with  eafe,  but 
without  appearing  to  produce  any  material 
change  in  its  compofition. 

On  the  whole  the  refemblance  between  the 
amylaceous  fecula  and  mucilage  is  fo  ftrong, 
that  they  may  almoft  be  confidered  as  identical 
when  each  is  brought  to  a ftate  of  folution  in 
water. 

Of  the  Green  Fecula  of  Plants. 

A vaft  number  of  the  green  fucculent  plants 
when  expofed  to  flight  preffure,  give  a very 
turbid  green  juice,  from  which  a fecula  fubfides 
though  extremely  flowly,  but  it  may  be  fepa- 
rated more  readily  by  the  filter.  In  this  cafe 
the  filtered  liquor  is  tenacious,  but  clear  and 
colourlefs,  and  a green  pulp  is  left  on  the  filter. 
Rouelle*  appears  to  have  been  the  firft  who  clear- 
ly (hewed  the  nature  of  this  fecula,  and  proved  it 
to  be  not  in  the  lead  fimilar  to  the  amylaceous 
fecula,  but  to  be  compofed  of  a fubftance  re- 
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fembling  the  gluten  of  wheat,  Intimately  com- 
bined with  a kind  of  refin  foluble  in  alcohol, 
to  which  the  green  colour  feems  to  be  owing. 
The  clear  liquor  from  which  this  fecula  has 
fubfided  alfo  holds  in  folution  another  portion 
of  gluten,  or  a funilar  matter. 

Fourcroy  confiders  this  fecula  rather  as  albu- 
minous, and  the  fubftance  contained  in  the  clear 
liquor  to  be  ftill  more  decidedly  fo,  but  Prouftd 
has  pointed  out  fome  differences,  and  the  other 
obfervations  of  this  excellent  chemift  on  this 
i'ubjefit  are  alfo  important. 

When  any  of  the  green  turbid  juice  of  plants, 
fuch  as  of  cabbage,  hemlock,  crefs,  and  the  like, 
is  expofed  to  heat,  it  coagulates  or  becomes 
ropy,  and  foon  a confiderable  quantity  of  a 
green  tough  glutinous  mafs  feparates  in  flocculi 
from  the  liquor,  which  is  then  left  colourlefs. 
The  clear  filtered  recent  juice  of  plants  alfo 
affords  flocculi  of  gluten,  which  readily  feparate 
at  a heat  as  low  as  145°.  At  this  temperature 
the  albumen  of  an  egg  mixed  with  water  will 
not  coagulate.  When  the  coagulated  mafs 
dries,  it  hardens  into  an  elaftic  horny  fubftance, 
which  will  not  again  unite  with  water.  If  this 
fecula  either  before  or  after  coagulation  by  heat 
be  kept  under  water,  in  warm  weather  it 
becomes  offenfive  in  a day’s  time,  and  by  keep- 
ing  it  grows  exceflively  putrid,  with  the  fetor 
attending  animal  matter  in  a high  ftate  of 
decompofition.  It  appears  to  be  to  this  that  the 
exceffive  putrefcency  of  hemp  is  owing  whilfl  it 
is  rotting  in  ditches  to  prepare  it  for  fpinning. 
The  water  in  which  this  fecula  has  been  long 
kept  contains  fulphuretted  hydrogen,  carbonat 
of  ammonia,  and  fome  gluten  diflolved  in  the 
ammonia. 

To  fhew  more  decidedly  that  it  is  a kind  of 
gluten  rather  than  albumen  which  gives  alfo  to 
the  liquor  which  holds  fecula  in  fufpenfion  thofe 
chemical  properties  belonging  peculiarly  to  ani- 
mal matter,  Prouft  made  the  following  com- 
parative experiments,  taking  the  white  of  egg 
as  the  example  of  the  purefl  albumen,  and  clear 
filtered  cabbage  juicp  for  the  other.  Two  mat- 
traffes  were  filled,  the  one  with  the  cabbage 
juice,  the  other  with  fome  of  a liquor  made  of 
the  white  of  an  egg  beat  up  with  a pint  of 
water.  On  immerfmg  them  in  water  heated  to 
1 45°,  the  juice  dire£Uy  became  turbid  with 
clieefe-like  flocculi  which  fell  to  the  bottom, 
but  the  albuminous  water  remained  unchanged. 
Two  more  veffels  were  filled,  one  with  the  egg- 
water  and  the  other  with  the  juice  diluted  with 
twenty  parts  of  water,  and  were  flowly  heated 


to  ebullition.  In  the  latter  the  fecula  feparated 
totally  from  the  water,  but  the  egg-water  only 
became  opalefcent,  but  not  curdy,  nor  did  it 
feparate  from  the  water,  for  albumen  much  di- 
luted cannot  by  mere  heat  be  freed  from  the 
water  with  which  it  is  mixed.  The  albuminous 
water  alfo  keeps  for  fome  days  clear  and  un- 
altered in  a common  temperature,  but  the  di- 
luted cabbage-juice  turns  putrid  and  begins  to 
be  curdy  in  a very  fhort  time,  and  fooner  or 
later  all  the  gluten  is  feparated  lpontaneoufly  in 
this  way.  Albumen  alfo  turns  the  red  vegetable 
juices  green,  but  the  recent  cabbage  juice  turns 
litmus  red,  and  the  wafhed  fecula  produces  no 
change  at  all.  Alcohol  feparates  part  of  the  al- 
bumen from  the  water  in  thin  flocculi,  but  added 
to  the  juice  it  caufes  a heavy  white  powder  to 
precipitate.  All  the  acids,  hydrofulphurets,  and 
ammonia  feparate  the  feculous  gluten  from  the 
juice  but  produce  no  change  on  albumen.  No 
fait  can  deprive  water  of  albumen,  but  this 
fecula  on  the  contrary  is  precipitated  from  its 
watery  folution  by  almoft  every  faline  fubftance. 
The  feculae  of  moft  of  thefe  plants  generally  dry 
to  a brown  hard  mafs,  but  dried  albumen  re» 
fembles  horn.  From  all  examinations  this  kind 
of  fecula  is  chiefly  compofed  of  a part  nearly 
if  not  abfolutely  identical  in  nature  with  the 
gluten  of  wheat  or  blood. 

The  green  fecula  when  put  into  potafh  partly 
diffolves  therein,  the  infoluble  portion  falling  to 
the  bottom  as  a green  fediment.  The  folution 
has  all  the  characters  of  animal  matters,  exhaling 
ammonia,  and  blackening  filver  and  many  other 
metallic  folutions. 

When  the  entire  green  feculous  precipitate, 
formed  by  heating  the  recent  juice,  is  treated 
by  alcohol,  a portion  only  diffolves  therein, 
leaving  the  true  gluten  untouched,  and  which 
amounts  to  about  80  per  cent,  of  the  entire  pre- 
cipitate. The  alcoholic  folution  evaporated  to 
drynefs  leaves  (as  Rouelle  firft  obferved)  a foft 
green  fubftance  refembling  a refin.  Alcohol 
alfo  added  to  the  juices  gives  a precipitate  of 
gluten,  and  unites  with  the  refin.  It  has  been 
doubted  however  by  Parmentier  whether  this 
green  refin  is  properly  fo  called,  fmee  it  does 
not  depofit  any  thing  on  mixture  with  water  as 
the  tinctures  of  the  true  refins  do.  The  oxy- 
muriatic  acid  in  a few  days  takes  away  all  colour 
from  this  green  refin,  makes  it  ropy  like  tur- 
pentine, and  its  folution  in  alcohol  will  then 
grow  turbid  with  water.  The  entire  green 
fecula  is  reduced  by  oxymuriatic  acid  to  the 
colour  of  dead  leaves.  The  above  refin  gives  a 


* Journ.  de  Phyf.  tom-  56. 


3 H 


VOL.  1. 


FE  L 


FEL 


( 426  ) 


clear  folution  with  potafh,  and  this  colour  will 
attach  itfelf  to  fillc,  but  it  is  not  permanent. 

On  the  whole  therefore  there  is  much  reafon 
to  believe  that  the  green  fecula  of  plants  confifts 
of  gluten  intimately  combined  with  a fubftance 
very  nearly  refembling  a refin,  and  that  it  is  to 
the  former  principle  that  the  tendency  to  animal 
putrefadtion  and  the  ammoniacal  produfts  are 
owing,  and  in  the  latter  the  green  colour  feems 
entirely  to  refide. 

See  further  the  article  Gluten. 

FELSITE.  See  Felspar  ( CompaEl J. 

FELSPAR.3  Feldspath.  Germ,  and  Fr. 

Of  this  mineral  there  are  the  following  fub- 
fpecies,  viz.  Adularia,  Common  Felfpar,  com- 
patl  Felfpar,  continuous  Felfpar,  Labradore 
Felfpar. 

z.  Adularia  Adular , Wern.  Moonjlone, 
Kirw.  Feldfpath  nacre , Hauy. 

The  colour  of  adularia  is  yellowifh,  greenifh, 
or  milk-white,  and  in  certain  diredions  it  exhi- 
bits a play  of  filvery  and  pearly  colours,  owing 
to  the  different  reflections  of  light  from  the 
laminae  of  which  it  is  compofed.  It  occurs 
either  in  mafs  or  cryftallized.  Its  primitive 
figure  is  an  irregular  oblique  angled  parallelipi- 
ped,  of  which  the  faces  in  two  diredions  are 
lmooth  and  well  defined  and  form  an  angle  with 
each  other  of  90°,  while  the  faces  in  the  third 
diredion  are  uneven,  and  form  with  the  others 
angles  of  i2o°.  and  ill.0  28'.  Befides  this,  its 
primitive  figure,  it  prefents  alfo  the  following 
modifications. 

1.  An  oblique  four-fided  prifm  bevilled  on 
two  of  its  oppofite  fides. 

2.  An  oblique  four-fided  prifm  with  dihedral 
fummits. 

3.  A fix-fided  prifm  with  dihedral  fummits. 

4.  A double  cryftal,  in  the  form  of  a redan- 
gular  four-fided  prifm  compofed  of  two  half 
cryftals  united  together  in  oppofite  diredions. 

5.  A quadruple  cryftal,  compofed  of  four 
cryftals  of  var.  2.  united  together  by  their  fum- 
mits and  mutually  penetrating  each  other,  form- 
ing a kind  of  crofs,  confifting  of  four  triangles 
united  round  a common  centre. 

The  furface  of  the  cryftals  is  fmooth  and 
often  ftriated  longitudinally.  They  are  for  the 
moft  part  middle  fized  or  large.  The  external 
luftre  is  fhining  and  fomewhat  pearly : the 

luftre  of  the  principal  fradure  is  bright  fhining  ; 
of  the  crofs  fradure  fhining,  between  vitreous 
and  pearly.  Its  longitudinal  fradure  is  per- 
fedly  foliated,  its  crofs  fradure  is  fmall  con- 
ehoidal.  It  breaks  into  rhomboidal  fragments. 


It  is  compofed  fometimes  of  ftrait  lamellar 
diftind  concretions.  It  is  tranflucent  pafling 
into  tranfparent.  Its  hardnefs  is  inferior  to 
quartz,  but  greater  than  that  of  common  fel- 
fpar. It  is  eafily  frangible.  Sp.  gr.  2.5  to 
2.6. 

When  expofed  to  the  blowpipe  without  addi- 
tion it  crackles  a little,  and  at  length  melts  into 
a whitifh  glafs. 

It  has  been  analyzed  with  the  following  refults 
by  Chenevix  and  Vauquelin. 


Chen. 

Vauq. 

Silex  - 

- 64.  - 

64. 

Alumine 

- 24.  — 

20. 

Lime  - 

62  c — 

2. 

Oxyd  of  iron  2.  — - 

O. 

YY  ater  - 

- 1.75  — 

O 

Potafh  - 

- 0 — - 

H 

98.00 

IOO. 

Adularia  was  firfl  found  by  H.  Pini  in  the 
mountains  furrounding  Saint  Gothard  in  Swit- 
zerland, efpecially  in  the  fummit  called  Mont 
Adula  (whence  its  name).  It  here  occurs  in 
cryftals,  lining  the  cavities  of  gneifs  and  mica- 
ceous fchiftus.  This  mineral  is  alfo  faid  by 
Jamefon  to  occur  in  the  Ifle  of  Arran.  The 
moon-ftone  of  Ceylon,  and  a mineral  difcovered 
in  Languedoc  by  M.  Dodun  and  named  by  him 
ceil  de  poijfon  (argentine  felfpar  of  Kirwan)  are 
alio  confidered  as  varieties  of  adularia. 

II.  Common  Felspar.  Gemeitter  Feldfpath , 
Wern. 

The  colour  of  this  mineral  is  milk-white, 
yellowifh,  greyifh  and  reddifh  white;  alfo  wax 
yellow  and  ochre  yellow ; flefh  red,  blood  and 
brick-red ; leek  green,  mountain  green,  and 
fometimes  though  rarely  verdigris-green.  It 
occurs  in  mafs,  diffeminated,  in  rounded  frag- 
ments or  cryftallized.  Its  primitive  form  and 
the  other  varieties  of  cryftallization  that  it  af- 
fumes  are  the  fame  as  thofe  of  adularia  : it  has 
alfo  been  found  in  ten-fided  prifms  with  dihe- 
dral or  other  varioufly  modified  fummits.  The 
cryftals  are  for  the  moft  part  fmall  and  middle- 
fized.  Externally  felfpar  is  more  or  lefs  fhining; 
internally  it  is  the  fame,  with  a luftre  between 
vitreous  and  pearly.  The  longitudinal  fradure 
is  perfectly  lamellar ; the  crofs  fradure  is  fine 
grained  uneven  paffing  into  fplintery.  Its  frag- 
ments are  rhomboidal  with  only  four  fhining 
faces,  the  other  two  being  nearly  dull.  It  varies 
from  tranflucent  to  opake.  It  occurs  often  in 
granular  concretions,  either  large  or  fmall.  It 
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is  not  fo  hard  as  quartz,  yet  will  fcratch  glafs  : 
it  is  brittle  and  eafily  frangible.  Sp.  gr.  2.27 
to  2.70. 

It  melts  before  the  blowpipe  without  addition 
into  a white  fomewhat  tranflucent  glafs. 

Felfpar  has  been  often  analyfed  and  with  very 
different  refults.  The  three  laft  analyfes  of  this 
fubftance  and  perhaps  the  moft  to  be  depended 
on,  are,  one  of  common  felfpar  and  another  of 
felfpar  from  the  fand  of  Ceylon,  by  Chenevix, 
and  one  of  the  green  Siberian  felfpar  by  Vau- 
quelin. 


Com.  F. 

Ceylon  F. 

Siberian  F. 

Silex 

- 64. 

— 68.5 

— 62.83 

Alumine 

- 24. 

— 20.5 

— 17.02 

Lime  - 

- 6.25 

— 7- 

“ 3- 

Oxyd  of 

iron  2. 

— 1.5 

— 1 . 

Potafh  - 

0 

— 0 

— 

96.25 

915 

96.85 

Felfpar  when  expofed  to  the  weather  acquires 
gradually  an  earthy  appearance,  and  at  length 
palfes  into  porcelain  clay.  It  alfo  occurs  in  a 
Hate  of  femi-decompofition  in  feveral  varieties 
of  granite  and  porphyry,  where  it  cannot  have 
been  affe£ted  by  the  atmofphere.  When  in 
this  ftate  it  is  ufually  of  a yellowifh  or  reddifh- 
white  colour,  a faintly  glimmering  luftre,  and 
a fra&ure  imperfe£lly  foliated  palling  into 
earthy : it  breaks  into  indeterminately  angular 
fragments,  is  opake  and  confiderably  fofter  than 
common  felfpar.  A very  light  coloured  variety 
was  analyfed  by  Vauquelin,  and  found  to  con- 
tain Silex  - - - 74 

Alumine  - - 14.5 

Lime  - - - 5.5 


94.0 

Lofs  - - 6 
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Some  of  the  coloured  tranflucent  varieties 
of  felfpar  contain  particles  of  mica  difperfed 
through  their  fubftance,  and  thefe  when  the 
ftone  is  expofed  to  the  light  form  fo  many 
luminous  points,  which  relieve  the  colour  of 
the  felfpar  and  give  the  whole  a fpangled  ap- 
pearance that  has'a  pleafing  effe£b : in  fome 
inftances  however  thefe-  brilliant  particles  feem 
to  be  occafioned  merely  by  fiflures  in  various 
directions.  When  felfpar  exhibits  this  appear- 
ance it  is  called  Aventurine  (a  term  alfo  applied 
to  a fimilarly  glittering  variety  of  Quartz). 
The  green  Siberian  felfpar  fometimes  contains 


fpangles  of  a remarkably  brilliant  fdvery  mica, 
forming  a very  elegant  aventurine.  Another 
fine  variety  has  been  procured  from  Cedlovatoi, 
an  ifland  in  the  White  Sea,  not  far  from  Arch- 
angel, confuting  of  a femitranfparent  hyacinth- 
brown  bafe  with  gold  coloured  fpangles.  The 
aventurine  of  Spain  is  the  moft  familiar  to 
European  lapidaries,  but  this  is  a variety  of 
quartz. 

Common  felfpar  is  the  moft  generally  dif- 
fufed,  both  as  to  its  local  and  geological  fitua- 
tion,  of  any  other  mineral  except  perhaps  quartz. 
It  is  an  effential  conftituent  of  granite  and 
gneifs,  and  frequently  occurs  in  micaceous  and 
argillaceous  fchiftus  : it  forms  a large  proportion 
of  all  filenite,  and  is  contained  abundantly  in 
almoft  all  porphyries : it  is  occafionally  though 
rarely  found  in  primitive  limeftone  : it  abounds 
in  primitive,  tranfition  and  fecondary  griinftein, 
and  frequently  though  in  fmaller  proportion  in 
moft  of  the  other  rocks  belonging  to  the  trap- 
formation  : it  alfo  abounds  in  the  greater  part 
of  the  real  lavas. 

III.  Compact  Felspar.  Dichter  Felfpath , 
Emmerl.  Fe/fite,  Kirw. 

Its  colour  is  bluifh  white  palling  into  Iky- 
blue,  or  greenifh-white  palling  into  brownifh- 
green.  The  blue  variety  occurs  in  mafs,  the 
green  is  either  difleminated  or  cryftallized.  Its 
luftre  is  gliftening.  Its  fraClure  is  very  imper- 
fedly  lamellar  approaching  to  fplintery : its 
fragments  are  indeterminately  angular : it  is 
feebly  tranflucent,  and  though  hard  confiderably 
inferior  in  this  refpecft  to  quartz. 

Before  the  blowpipe  it  is  difficultly  fufible 
without  addition,  into  a frit  or  imperfect  glafs. 
It  has  not  been  analyfed. 

The  blue  compact  felfpar  was  difcovered  by 
Widenmann  at  Krieglach  in  Stiria,  forming  a 
granitic  mafs  with  white  quartz  and  filvery  white 
fomewhat  un&uous  plates,  which  have  been 
confidered  by  fome  mineralogifts  as  mica,  by 
others  as  talc.  The  green  varieties  occur  in 
green  porphyry  and  grunftein. 

IV.  Continuous  Felspar,  Kirw.. 

Its  colour  is  reddilh-grey  or  flelh-coloured,  or 
pale  reddilh  yellow,  or  olive  green.  It  occurs 
in  mafs  and  generally  contains  hornblende  or 
common  cryftallized  felfpar  difperfed  through 
it  in  various  proportions.  It  is  fometimes  dull- 
but  generally  pofiefles  a feeble  glimmering  luf- 
tre : it  is  tranflucent  at  the  edges : its  fra£ture 
is  fine-fplintery  palling  into  uneven  earthy  5 its 
fragments  are  indeterminately  angular.  Its 
hardnefs  is  fully  equal  to  that  of  common  feh- 
fpar  and  it  is  lefs  brittle. 
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It  melts  at  a "high  heat  into  a porous  porcelain 
imafs.  It  appears  to  be  nearly  connedted  with 
tranfition  grunftein,  and  probably  forms  the  balls 
of  fome  of  thofe  porphyries  which  are  commonly 
ranked  as  hornftone  porphyries : indeed  certain 
varieties  of  this  and  fplintery  hornftone  refemble 
each  other  fo  clofely  in  their  external  charadlers 
that  it  is  by  no  means  eafy  to  afcertain  to  which 
fpecies  they  belong.  Hornftone  however  is  in 
general  both  harder  and  tougher,  and  is  infufible 
per  fi  before  the  blowpipe,  whereas  continuous 
felfpar  is  fufible,  though  it  often  requires  for  this 
purpofe  a very  high  and  long  continued  heat. 

V.  Labradore  Felspar.  Labradorjiem , 

Wern.  Feldfpath  epalin , Hauy. 

The  proper  colour  of  this  mineral  is  fmoak- 
grey  or  dark  afh  colour,  but  on  account  of  the 
fmall  crevices  between  the  lamellae  of  which  it 
is  compofed,  it  prefents  a mod  beautiful  play 
of  vivid  tints  varying  according  to  the  pofition 
in  which  it  is  viewed  : of  blue  it  exhibits  all 
the  varieties  from  violet  to  fmalt-blue ; qf  green 
it  difplays  the  pure  emerald  green  and  various 
other  tinges  approaching  to  blue  on  one  hand 
and  yellow  on  the  other ; of  yellow  the  ufual 
fhades  are  gold  and  lemon  yellow  verging  into 
deep  orange  and  thence  into  rich  copper-red 
and  tombac  brown.  The  parts  exhibiting  thefe 
beautiful  colours  are  difpofed  in  irregular  fpots 
and  patches,  and  the  fame  fpot  if  held  in  dif- 
ferent pofitions  difplays  various  tints.  It  has 
hitherto  been  found  only  in  detached  rolled 
fragments.  Internally  it  is  fhining  pafling  into 
fplintery,  with  a luftre  between  pearly  and  vi- 
treous. Its  principal  fradlure  is  perfectly  lamel- 
lar in  two  directions,  the  lamellae  crofting  each 
other  at  right  angles  *,  its  crofs  fracture  is  fome- 
what  conchoidal  : it  breaks  into  rhomboidal 
fragments  with  four  fpecular  faces.  It  ufually 
exhibits  large  granular  and  fometimes  though 
rarely  ftrait  lamellar,  diftinCt  concretions.  It 
is  ftrongly  tranflucent  pafling  into  femi-tranf- 
parent.  Sp.  gr.  2.6  to  2.7. 

It  is  fufible  without  addition  before  the  blow- 
pipe into  a white  enamel. 

The  only  analyfis  that  has  yet  been  made  of 
this  mineral  is  by  Bindheim,  according  to  whom 


it  contains  Silex  ----- 

Alumine  - - - - 13.6 

Sulphated  lime  - - 12. 

Oxyd  of  copper  - 0.7 

Ditto  of  iron  - - 0.3 

96.1 

Lofs  - - 3.9 


100.0 

* Phil.  Tranf. 


It  was  firft  dlfcovered  by  the  Moravian  mif- 
fionaries  on  the  Ifland  of  St.  Paul  on  the  coaft 
of  Labrador,  and  has  fince  been  found  in  In- 
germannland  in  Norway,  and  in  the  vicinity  of 
Lake  Baikal  in  Siberia.  It  is  fometimes  accom- 
panied by  mica,  black  fchorl  and  iron  pyrites. 

It  is  in  confiderable  eftimation  on  account  of 
its  beautiful  colours  for  ornamental  purpofes. 

On  comparing  the  refults  of  the  analyfis  of 
felfpar  by  Vauquelin  and  Chenevix,  both  of 
them  chemifts  of  acknowledged  ability  and  fcru-* 
pulous  accuracy,  it  is  impofiible  not  to  be  ftruck 
with  furprize  at  the  remarkable  difference  which 
appears  between  them.  That  potafh  fliould 
appear  in  one  analyfis  and  not  in  the  other  is  no 
extraordinary  circumftance,  becaufe  without  a 
particular  examination  for  this  very  objedf  the 
potafh  would  remain  undetected  and  its  amount 
would  be  transferred  to  the  general  account  of 
lofs  : the  lofs  therefore  in  Mr.  Chenevix’s  analyfis 
ought  to  be  equal  both  to  the  lofs  and  potafh  in 
Vauquelin’s;  but  the  amount  fet  down  as  lofs 
in  both  cafes  is  nearly  equal,  therefore  the  dif- 
ference between  the  earthy  and  metallic  pro- 
ducts of  the  two  analyfes  amounts  to  13  per 
cent,  being  the  proportion  of  potafh  as  afcer- 
tained  by  Vauquelin.  In  order  to  obtain  fome 
clue  by  which  to  account  for  this  difference,  the 
methods  of  analyfis  purfued  by  thefe  chemifts 
have  been  compared  and  examined,  but  without 
obtaining  much  fatisfadion. 

Mr.  Chenevix b after  finely  pulverizing  the 
felfpar,  treated  it  with  cauftic  potalh  in  a filver 
crucible,  and  the  whole  was  then  brought  to  a 
limpid  folution  by  muriatic  acid.  1.  The  liquor 
wras  evaporated  to  drynefs  and  the  faline  refidue 
digefted  in  a flight  excefs  of  muriatic  acid,  a 
white  powder  remained  infoluble  which  was 
filex.  2.  The  muriatic  liquor  with  the  wafh- 
ings  of  the  filex  was  then  mixed  with  ammonia, 
and  a copious  precipitate  was  thus  obtained.  3. 
This  precipitate  was  then  diffolved  in  muriatic 
acid,  and  afterwards  boiled  with  an  excefs  of 
potafh  by  which  the  iron  was  depofited  ; and 
the  addition  of  muriat  of  ammonia  then  threw 
down  the  alumine.  4.  The  ammoniacal  liquor 
No.  2,  was  treated  with  carbonat  of  potafh,  by 
which  carbonat  of  lime  was  procured.  This 
method  of  analyfis  appears  quite  unexceptionable 
as  far  as  the  earthy  and  metallic  contents  are 
concerned,  and,  if  carefully  performed,  there 
appears  no  reafon  why  its  refults  fhould  not  be 
confidered  as  giving  the  true  proportions  and 
quantities  of  the  earths  and  oxyd  of  iron  con- 
tained in  felfpar,  proper  allowance  being  firft 
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made  for  the  inevitable  errors  to  which  the 
mod  accurate  analyfis  is  neceflarily  fubjedL 

The  method  employed  by  Vauquelin  was  the 
following. e Having  fufed  the  felfpar  with 
cauftic  potalh,  he  dilTolved  the  mafs  in  dilute 
muriatic  acid,  and  evaporated  the  whole  to  dry- 
nefs  : r . the  faline  refidue  being  drenched  with 
water  and  filtered,  the  filex  remained  behind 
as  a white  infoluble  powder.  2.  The  clear 
liquor  being  treated  with  ammonia  produced 
a copious  white  precipitate.  3.  This  precipitate 
was  digeded  in  caultic  potalh  and  left  behind 
the  iron : muriatic  acid  was  then  added  to  figu- 
ration, and  afterwards  carbonat  of  potalh  threw 
down  the  alumine.  4.  The  liquor  No.  2,  gave 
no  precipitate  with  carbonated  potalh  or  ful- 
phuric  acid,  but  oxalic  acid  occafioned  a preci- 
pitate of  oxalat  of  lime,  which  when  calcined, 
was  confidered  as  carbonat  of  lime,  whence  the 
amount  of  the  lime  was  edimated  according  to 
the  ufual  proportions.  The  only  exceptionable 
part  of  this  analyfis  relates  to  the  method  of 
procuring  the  lime,  and  this  on  two  accounts : 
in  the  fird  place,  oxalic  acid  would  not  feparate 
the  whole  of  the  lime  from  the  liquor,  which 
confided  of  the  muriats  of  lime,  potalh,  and 
ammonia  ; and  in  the  fecond  place,  the  oxalat  of 
lime  which  was  precipitated  ought  by  no  means, 
after  having  undergone  calcination,  to  be  con- 
fidered as  carbonat  of  lime,  but  as  lime  in  a 
femi-caudic  date.  It  is  further  a fingular  cir- 
cumdance  and  contrary  to  general  experience, 
that  carbonat  of  potafir  fhould  have  been  unable 
to  throw  down  the  lime  from  the  folution  which 
was  decompofable  by  oxalic  acid.  But  even 
if  we  allow  the  utmod  polfible  weight  to  thefe 
obje&ions,  and  in  confequence  raife  the  amount 
of  lime  in  Vauquelin’s  analyfis  to  an  equality 
with  that  of  Chenevix’s,  there  dill  remains  a 
difference  of  1 1 per  cent,  unnaccounted  for. 
That  potalh  is  really  contained  in  the  Siberian 
felfpar  appears  alfo  from  a fubfequent  analyfis 
by  Vauquelin,  in  which  he  tifed  caudic  foda  as 
the  primary  i'olvent,  and  afterwards  obtained 
cry  dais  of  alum  by  the  addition  of  fulphuric 
acid.  It  is  however  worthy  of  notice  that  the 
account  of  Vauquelin’s  experiments  is  not  writ- 
ten by  this  eminent  chemid  himfelf,  but  is  con- 
tained in  a paper  read  at  the  Societe  philomathique 
by  Le  LLevrc,  and  in  confequence  is  not  in  the 
mod  authentic  form. 

With  regard  to  the  oppofite  analyfes  of  adu- 
laria  by  the  above  mentioned  chemids,  it  is  diffi- 
cult to  form  any  fatisfadlory  opinion,  as  the 
details  of  Vauquelin’s  analyfis  are  not  publiflied. 

• Jcvrn.  des  Mine*.  No,  49.  p.  14. 


It  may  however  be  remarked  that  in  the  amount 
of  filex  they  exactly  correfpond,  and  that  the 
proportion  of  alumine  as  determined  by  Vauque- 
lin, approaches  much  nearer  to  the  datement 
of  Chenevix  than  in  the  former  indance.  The 
chief  difference  is  the  proportion  of  lime,  but 
if,  as  is  probable,  the  fame  method  was  ufed  by 
Vauquelin  on  this  occafion  as  was  practifed  by 
him  on  the  former  one,  it  may  be  fufpetted. 
that  Mr.  Chenevix’s  edimate  approaches  nearer 
to  the  truth.  The  water  of  crydaliizatiou 
amounting  to  1.75  according  to  Chenevix,  is 
wholly  negle&ed  by  Vauquelin;  and  it  is 
obvious  that  the  proportion  of  potadi  as  given 
by  this  chemid  is  from  mere  edimation,  and  is 
reckoned  at  14.  becaufe  jud  fo  much  was 
wanted  to  compleat  the  original  100  parts  that 
he  operated  on.  The  iron  obtained  by  Chene- 
vix is  perhaps  only  a cafual  ingredient  of  adu- 
laria  : fo  that  making  the  requifite  allowances 
for  each  analyfis,  the  quantity  of  potafli  can 
hardly  be  edimated  at  more  than  6 per  cent. 
It  is  however  greatly  to  be  wifhed  that  Klap- 
roth or  Hatchett  would  undertake  anew  the  full 
analyfis  of  this  important  mineral  in  all  its 
varieties  and  fubfpecies. 

Some  further  intereding  particulars  refpe£l- 
ing  felfpar  arc  contained  in  a memoir  by  M. 
Gerhard.'1  Common  felfpar  when  heated  to 
incandefcence  lofes  1 per  cent,  (probably  water). 
After  being  calcined  it  is.  readily  a£ted  on  by 
fulphuric  acid,  and  the  produdf  is  a little  felenite 
and  much  alum ; the  filex  remaining  unaltered 
by  the  acid.  From  an  analyfis  conduced  in 
this  manner  M.  Gerhard  dates  the  condituent 
parts  of  felfpar  at 

Silex  - 64. 

Lime  - 6 

Alumine  30 


100 

Here  it  is  worthy  of  remark  that  the  pre- 
fence  of  potalh  in  this  mineral  is  fully  afeer- 
tained  by  the  copious  produdlion  of  alum  when 
it  is  treated  after  calcination  with  fulphuric  acid, 
and  this  is  the  lefs  liable  to  l'ufpicion  as  the 
memoir  was  publidied  long  before  the  necef- 
fity  of  potalh  to  the  crydallization  of  alum  was 
fufpefted  ; in  confequence  of  which  we  find 
in  Mr.  G’s  analyfis  no  mention  of  potalh,  and 
perhaps  it  is  fomewhat  in  favour  of  the  reduc- 
tion which  we  have  made  in  the  proportion  of 
alkali  as  given  by  Vauquelin,  that  this  reduced 
proportion,  viz.  6 per  cent,  added  to  the  quan- 
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tlty  of  alumine  found  in  common  felfpar  by 
Chenevix,  viz.  24  per  cent,  exactly  correfponds 
with  the  amount  of  alumine  as  ftated  by  Ger- 
hard. In  the  proportion  of  filex  he  alfo  agrees 
precifely  with  Chenevix,  and  in  the  quantity  of 
lime  differs  only  in  the  ratio  of  6.25  to  6. 

Common  felfpar  inclofed  in  a crucible  and 
expofed  to  a full  melting  heat,  is  converted  to  a 
milk-white  femi-tranfparent  mafs  refembling 
quartz.  The  addition  of  fdex  diminifhes  its 
fufibility  and  renders  the  mafs  more  opake. 
Four  parts  of  felfpar  and  one  of  chalk  form  a 
clear  tranfparent  glafs  of  a flight  yellowifh  green 
colour : but  a much  more  beautiful  glafs  may 
be  obtained  by  calcining  feparately  one  part  of 
fand,  four  of  felfpar,  and  two  of  chalk,  and 
then  fufing  them  together-,  this  glafs  is  how- 
ever harder  and  more  difficult  to  anneal  than 
common  glafs,  and  the  metallic  oxyds  only 
communicate  to  it  dull  muddy  tinges  of  red  and 
brown,  except  cobalt,  which  gives  it  a purer 
blue  than  common  glafs  is  capable  of  acqiuring. 

FERMENTATION  (Vinous ) die  Weinichte 
Gahrung.  Germ . 

The  important  procefs  whereby  faccharine 
folutions  are  converted  into  intoxicating  liquors, 
capable  of  yielding  alcohol  by  diftillation,  is 
one  of  the  moll  complicated  in  chemiftry,  and 
the  exadt  caufe  of  this  change  is  ftill  but  very 
imperfedlly  known.  We  fhall  therefore  content 
ourfelves  in  this  place  with  noticing  the  princi- 
pal requifites  to  fermentation,  the  circumftances 
that  occur  during  the  procefs,  and  the  efientia! 
produdt,  referving  to  the  articles  Spirits  dijlilled , 
Malt-liquors,  and  Wine,  fome  further  par- 
ticulars concerning  thefe  proceffes. 

The  only  fubftances  which  we  know  to  be 
unqueftionably  requifite  to  form  a fermentable 
liquor  are  Sugar  and  Water.  No  vegetable  juiee 
will  ferment  that  is  not  fenfibly  fweet,  or  from 
which  a portion  of  fugar  may  not  be  extracted 
by  chemical  means  •,  the  ftrength  of  vinous 
liquors  is  (other  things  being  the  fame)  in 
diredl  proportion  to  the  quantity  of  fugar  con- 
tained before  fermentation ; the  addition  of 
fugar  to  the  weakly  fermentable  juices  will  en- 
able them  to  produce  a ftrong  full-bodied  liquor, 
and  the  very  effence  of  this  procefs  is  the  difap- 
pearance  of  fugar  and  the  confequent  produc- 
tion of  alcohol. 

With  regard  to  the  water  it  does  not  appear 
how  far  this  is  an  adlive  ingredient  in  vinous 
fermentation,  but  it  is  fully  alcertained  that  a 
certain  degree  of  dilution  is  necefiary  to  this 
procefs-,  this  degree  exifts  naturally  in  the  juice 
of  grapes,  the  faccharine  fap  of  many  trees, 


and  other  liquors  fpontaneoufly  fermentable, 
and  if  thefe  very  liquors  be  deprived  merely  of 
great  part  of  their  water  by  gentle  evaporation, 
they  will  not  ferment  till  this  is  reftored  to  them. 
On  the  other  hand  a faccharine  juice  may  eafily 
be  too  dilute,  and  then  the  fermentation  'is 
languid  and  imperfect. 

But  pure  fugar  and  water  alone  will  not  fer- 
ment, and  therefore  fome  other  fubftance  is  alfo 
requifite.  Chemifts  have  directed  their  attention 
largely  to  this  point,  but  hitherto  with  little 
fuccefs,  nor  is  it  at  all  certain  or  rendered  pro- 
bable that  this  other  fubftance  muff;  be  any  indi- 
vidual principle,  or  whether  there  are  not  feveral 
which  will  lerve  equally  well  towards  the  de- 
compofition  of  the  fugar.  Muft,  or  grape  juice, 
contains,  befides  fugar  and  water,  a quantity  of 
vegetable  acid,  chiefly  the  tartareous,  and  one  or 
more  fubftances  obfcurely  defcribed  under  the 
name  extractive  or  mucilaginous.  Each  of  thefe 
is  alfo  requifite  to  its  fermentation,  for  if  either 
is  abftracted  the  procefs  will  not  take  place. 
But  the  tartareous  acid  is  compofed  of  that 
which  gives  the  acid  property,  together  with 
hydrogen,  carbon,  and  other  ingredients  alfo 
common  to  the  mucilaginous  extradf.  This 
latter  can  only  be  defined  to  be  a fubftance 
highly  foluble  in  water,  giving  it  a certain  de- 
gree of  tenacity  and  denfity,  remaining  as  a 
vifcous  jelly  after  flow  evaporation  to  drynefs, 
again  foluble  in  -water,  moft  readily  entering 
into  fpontaneous  change  at  a moderate  tempe- 
rature, and  giving  by  deftrudbive  diftillation 
a number  of  gaffeous  produdts  which  indicate 
the  prefence  of  carbon,  hydrogen,  oxygen,  and 
in  very  fmall  portions,  azot.  But  in  the  prefent 
ftate  of  chemical  knowledge  little  progrefs  is 
made  towards  a fatisfadbory  explanation  of  this 
procefs  by  confidering  the  ultimate  analyfis  of 
the  fermentable  materials,  and  at  prefent  we 
muft  fatify  ourfelves  with  their  immediate  com- 
pofition. 

It  appears  therefore  from  the  example  of 
grape  juice,  that  at  leaft  four  fubftances  are 
requifite  to  fermentation,  namely,  fugar,  water, 
an  acid,  and  what  (for  want  of  clearer  definition) 
may  be  termed  extradtive  matter,  and  when 
thefe  fimply  remain  together  for  a fhort  time  in 
a moderately  warm  temperature  they  will  be 
converted  to  a vinous  liquor.  The  two  latter 
fubftances  we  fhall  prefently  return  to  when  the 
other  requifites  and  circumftances  of  the  pro- 
cefs have  been  defcribed. 

A warm  external  temperature  is  alfo  necef- 
fary to  fermentation.  This  varies  according  to 
the  natural  fermentability  of  the  materials  and 
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their  bulk.  Thus  grape-juice  will  readily  begin 
to  ferment  at  about  6o°,  and  the  procefs  is 
ftrong  and  vehement  at  70  or  80.  The  fugar 
cane  juice  is  fo  exceflively  prone  to  fermenta- 
tion, that  in  the  climate  of  the  Weft  Indies  the 
procefs  would  begin  in  from  ten  to  fifteen  mi- 
nutes, and  hence  as  fermentation  is  the  deftruc- 
tion  of  fugar,  it  is  neceffary  in  the  making 
of  the  fugar,  to  begin  the  operations  on  the 
cane-juice  immediately  after  it  is  prefled  from 
the  plant.  This  operation  begins  with  bringing 
it  to  a fcalding  heat,  which  immediately  ftops 
all  tendency  to  fermentation.  On  the  other 
hand  no  juice,  however  in  itfelf  fermentable, 
will  ferment  at  a freezing  temperature,  fo  that 
all  domeftic  proceffes  of  the  kind  are  performed 
within  doors  or  near  a fire,  and  in  the  large 
way  chilling  muft  equally  be  avoided.  But  as 
fermentation  is  attended  with  the  produdion  of 
heat,  the  liquor  within  the  veffel  being  always 
feveral  degrees  warmer  than  the  outer  air,  large 
mafles  are  of  courfe  lefs  affeded  by  the  external 
cold  and  will  ferment  at  a lower  temperature. 

The  firft  figns  of  fermentation  are  a gentle 
inteftine  motion,  the  rifing  of  fmall  bubbles 
to  the  top  of  the  liquor,  and  a whitifh  turbid 
appearance.  This  is  foon  followed  by  the 
collection  of  a froth  or  head,  confiding  of  an 
infinite  number  of  air-bubbles  entangled  in 
the  liquor,  which  as  the  procefs  advances  rife 
flowly  to  a confiderable  height,  forming  a white 
denfe  permanent  froth.  A very  large  portion 
of  the  gas  alfo  efcapes,  which  has  always  a 
ftrong  agreeable  penetrating  vinous  fmell.  The 
temperature  of  the  liquor  at  the  fame  time 
increafes  feveral  degrees  above  the  external  air, 
and  continues  fo  during  the  whole  of  the  pro- 
cefs. Sooner  or  later  thefe  appearances  gradu- 
ally fubfide,  the  head  of  foam  fettles  into  a 
denfe  froth,  and  on  turning  it  afide  the  liquor 
beneath  appears  much  clearer,  and  nearly  at 
reft,  having  depofited  a copious  fediment,  and 
from  being  clammy  and  faccharine  to  the  tafte 
it  is  now  vinous,  and  intoxicating,  thinner  and 
of  lefs  fpecific  gravity. 

The  procefs  however  does  not  flop  fuddenly, 
but  goes  off  very  gradually,  the  liquor  continu- 
ing to  -work  or  throw  up  foam,  to  clarify, 
to  attenuate,  to  encreafe  in  intoxicating  power, 
and  more  compleatly  to  lofe  all  its  fugar,  which 
at  laft  can  now  no  longer  be  difeerned  by  the 
tafte,  or  deteded  by  chemical  analyfis.  The 
vinous  liquor  when  compleat,  if  of  fufficient 
ftrength  and  well  fermented,  will  now  keep  for 
an  indefinite  time  in  veffels  fecured  from  air, 


and  undergoes  comparatively  little  further  alter- 
ation except  in  becoming  more  perfe&ly  limpid 
by  the  depofition  of  an  additional  quantity  of 
fediment. 

The  nature  of  the  gas  of  fermenting  liquors 
has  long  been  known  to  confift  for  the  mod  part 
of  carbonic  acid,  and  therefore  it  will  extinguifti 
candles,  deftroy  animal  life,  convert  alkalies  into 
alkaline  carbonats,  and  the  like.  But  it  is  not 
Amply  carbonic  acid  that  is  given  off,  for  it  has 
been  found  by  Scheele  to  hold  in  folution  a 
fenfible  portion  of  alcohol,  and  by  Prouft  to 
contain  a quantity  of  azot.  Mr.  Collier  has  alfo 
found a that  the  gas  contains  all  the  materials 
requifite  for  vinous  fermentation.  For  this,  he 
paffed  the  whole  gas  from  a ninety  gallon  fer- 
menting tun  through  a calk  of  water,  and  divided 
the  water  thus  impregnated  into  three  parts, 
the  firft  of  which  was  immediately  diftilled  and 
gave  a fmall  quantity  of  fpirit,  to  the  fecond 
was  added  fome  yeali  by  which  a new  fermen- 
tation was  excited  and  the  fubfequent  produCt 
of  diftilled  fpirit  was  almoft  doubled,  and  the 
third  being  fuffered  to  remain  longer  produced 
fome  vinegar. 

The  attenuation  of  liquors  by  fermentation 
or  the  diminution  of  their  fpecific  gravity,  is 
very  ftriking.  This  is  commonly  feen  by  the 
hydrometer,  which  fwirns  much  deeper  in  fer- 
mented liquor  than  in  the  fame  materials  before 
fermentation.  Moll  of  this  attenuation  is  doubt- 
lefs  owing  both  to  the  deftruClion  of  the  fugar, 
which  diffolved  in  water  adds  to  its  denfity,  and 
to  the  confequent  produdion  of  alcohol,  which 
on  the  contrary  by  mixture  with  water  leffens 
its  denfity.  The  extrad  or  mucilage  alfo  ap- 
pears to  be  in  fome  degree  deftroyed  by  fer- 
mentation, for  the  gelatinous  confiftence  of 
thick  liquors  is  much  leflened  thereby,  though 
this  quality  as  far  as  it  depends  on  mucilaginous 
extrad  is  not  fo  completely  loft  as  the  faccharine 
material,  many  of  the  full-bodied  ales  for  ex- 
ample, retaining  much  of  their  original  clam- 
minefs  and  gelatinous  denfity. 

It  has  been  doubted  whether  alcohol  exifts 
ready  formed  in  vinous  liquors,  or  whether  it 
is  not  then  in  fome  intermediate  ftate,  and  is 
brought  to  a perfed  fpirit  by  the  boiling  heat 
required  for  diftillation.  It  is  not  eafy  to  devife 
any  unexceptionable  mode  of  determining  this 
queftion.  Fabbroni  argues  in  favour  of  alcohol 
being  a produEl  and  not  an  educl  from  wine,  that 
wine  cannot  be  again  formed  by  adding  the 
diftilled  alcohol  to  the  refidue;  and  alfo  that  if 
a fmall  portion  of  alcohol  is  added  to  wine,  it 
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may  be  feparated  again  almoft  entirely  by  car- 
bonat  of  potafli  (with  which  alcohol  will  not 
unite),  but  this  fait  will  not  feparate  any  alcohol 
from  wine  in  its  natural  ftate.  This  lafl  fadb 
however  only  {hews  that  the  union  of  the  alco- 
holic with  the  other  part  of  the  wine  is  too 
fbrong  to  be  broken  by  fnr.ple  affinity  without 
the  affiftance  of  heat ; and  as  to  the  former,  it 
is  highly  probable  that  the  boiling  heat  operates 
fome  change  on  the  other  conftituents  of  wine, 
the  eftedb  of  which  can  never  be  done  away  by 
the  mere  return  of  the  fpirit  which  has  been 
driven  off.  This  opinion  therefore  though  by  no 
means  improbable,  wants  further  confirmation. 

Alcohol  is  not  immediately  formed  in  fer- 
menting liquors,  as  it  does  not  appear  till  the 
fermentation  is  compleat,  for  the  liquor  diftilled 
in  the  early  ltage  of  the  procefs  will  not  yield  a 
drop  of  fpirit. 

The  external  air  feem3  to  have  no  chemical 
effedb  whatever  in  the  procefs  of  vinous  fer- 
mentation, as  it  may  be  conduced  full  as  well 
in  clofe  as  in  open  veffels,  always  allowing  room 
however  for  the  great  expanfion  of  the  materials 
and  the  vaft  produdbion  of  gas.  Mr.  Collier 
has  alfo  found  by  diredb  experiment  that  more 
fpirit  is  produced  by  clofe  than  by  open  fer- 
mentation. In  three  feparate  experiments,  in 
each  of  which  equal  quantities  of  v/ort  and 
yeaft  were  fermented  under  circumltances  pre- 
cifely  fimilar,  with  the  fingle  exception  that  in 
one  the  veffiel  was  open  and  in  the  other  it 
was  clofed  (having  no  exit  but  through  a tube 
dipping  in  water)  he  found  that  on  dillilling 
each  fermented  liquor  and  obtaining  the  fame 
quantity  of  fpirit  from  each,  that  belonging  to 
the  clofe-fermenting  veffels  was  conftantly  of  a 
lefs  fpecific  gravity,  and  confequently  contained 
more  alcohol  than  the  other.  Where  the  fpirit 
from  the  open  veffiel  was  74  degrees  below 
proof,  that  from  the  clofed  veffiel  was  56  : where 
the  former  was  83,  the  latter  was  65 ; and 
where  103,  the  other  was  93. 

The  theory  of  vinous  fermentation  is  ftill 
involved  in  extreme  difficulty,  on  account  of  the 
very  compound  nature  of  all  the  fubflances  em- 
ployed in  it,  and  their  great  tendency  to  decom- 
pofition  in  a variety  of  methods. 

The  refults  of  the  experiments  of  Lavoifier 
fhould  not  pafs  unnoticed,  though  it  is  obvious 
that  much  too  great  fimplicity  is  attempted  in 
the  explanation  of  a procefs  which  every  cir- 
cumftance  {hows  to  be  very  complicated.  It  is 
fome  advantage  however  that  the  adbion  of  the 
external  air  fo  neceffiary  to  be  confidered  in 
moil  decompofitions  of  vegetable  matter  may 


here  be  entirely  put  out  of  the  queftion.  The 
fimple  point  to  which  Lavoifiev’s  experiment* 
tend  is  (letting  afide  all  other  agents)  to  explain 
how  fugar  becomes  converted  into  carbonic  acid 
and  alcohol,  which  after  all,  is  the  great  phe- 
nomenon of  vinous  fermentation.  The  entire 
products  of  fugar,  yeafe,  and  water  fermented 
in  clofe  veffels,  are  Hated  to  be  carbonic  acid, 
alcohol,  and  water,  chiefly,  together  with  a 
fmall  quantity  of  acetous  acid  and  part  of  the 
materials  undecompofed.  We  fhall  not  enu- 
merate the  exadb  compofition  given  by  tins  emi- 
nent chemift  of  all  the  ingredients  and  products 
of  fermentation,  nor  enlarge  on  the  many  fources 
of  inaccuracy  which  may  be  pointed  out,  but 
the  theory  fuggefted  by  the  author  from  thefe 
experiments  is  the  following.  Sugar  is  a com- 
pound of  about  8 of  hydrogen,  64  of  oxygen, 
and  28  of  carbon,  and  the  procefs  of  fermenta- 
tion effects  a change  merely  in  the  arrangement 
of  the  conffiituent  parts  of  the  fugar,  converting 
one  portion  into  carbonic  acid  and  the  other 
into  alcohol : and  hence  as  the  carbonic  acid 
contains  only  carbon  with  a large  proportion  of 
oxygen,  the  portion  which  is  left  muft  contain  all 
the  hydrogen,  now  concentrated  into  a much 
fmaller  cornpafs,  part  of  the  carbon,  and  only  the 
fmall  remaining  portion  of  oxygen.  Or  in  other 
words,  by  this  new  arrangement  of  the  ingre- 
dients of  the  fugar,  one  portion  (namely  the 
carbonic  acid)  is  totally  deprived  of  hydrogen 
and  overloaded  with  oxygen,  and  confequently 
the  other  portion  (which  is  the  alcohol)  abounds 
in  hydrogen  and  i6  deficient  in  oxygen.  The 
carbon  is  nearly  equally  divided  between  the 
two  produdbs  relatively  to  their  quantity. 

Perhaps  no  more  plaufible  theory  has  yet  been 
offered  of  the  general  phenomenon  of  vinous 
fermentation,  though  it  is  fo  extremely  defective 
in  effential  parts,  and  even  not  correfponding 
with  the  alledged  compofition  of  alcohol  given 
by  the  fame  chemift  in  another  part  of  his  en- 
quiries, that  it  can  only  be  regarded  as  an  inge- 
nious and  happy  conjedbure. 

The  great  queftion  ftill  remains  for  future 
enquirers  to  determine  : what  is  it  that  caufes 
fugar  to  ferment;  for  it  has  been  proved  that 
fugar  will  not  of  itfelf  begin  this  ipontaneous 
change  into  carbonic  acid  and  alcohol,  though 
when  once  begun,  probably  the  procefs  will  go 
on  without  further  affiftance.  It  has  been 
already  mentioned  that  both  extradbive  matter 
and  an  acid  are  prefent  in  every  known  inftance 
of  vinous  fermentation,  and  for  any  thing  that 
appears  to  the  contrary,  both  of  them  are  necef- 
fary,  though  the  requifite  quantity  of  each  is 
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very  fmall  compared  to  the  fugar •,  therefore 
the  ftrength  or  body  of  the  fermented  liquor  is 
in  diredf  proportion  to  the  quantity  of  fugar 
alone,  (the  fermentation  having  been  complete) 
and  there  is  ftrong  reafon  to  fuppofe  that  the  ex- 
tractive matter  and  the  acid  are  only  acceflary 
ingredients  but  ftill  elfential,  or  thofe  without 
which  the  vinous  decompofition  of  fugar  cannot 
be  effected. 

It  has  been  fuppofed  that  it  is  the  vegeto- 
animal  extraCt  as  it  has  been  called,  which 
exifts  in  the  fermentible  juices  of  vegetables 
that  caufes  the  firft  change  in  the  fugar.  The 
precife  nature  of  this  vegeto-animal  matter  is 
not  very  well  known,  it  may  be  fuppofed 
to  be  fimilar  to  the  gluten  of  wheat,  but  molt 
intimately  combined  with  the  vegetable  faccha- 
rine  mucilage,  and  hence  extremely  fufceptible 
of  fpontaneous  change.  The  chief  if  not  the 
only  proof  of  its  exiftence  in  many  of  thefe 
combinations  is  the  production  of  a quantity  of 
ammonia  when  decompofed  by  heat,  which 
alkali  is  almoft  uniformly  formed  by  the  aCtion 
of  fire,  and  indicates  in  the  recent  vegetable  the 
exiftence  of  azot.  It  may  therefore  be  more 
properly  termed  the  azotic  than  the  vegeto- 
animal  ingredient,  and  as  mentioned  under  the 
article  Bread,  it  feems  to  be  peculiarly  requifite 
to  the  panary  fermentation,  and  to  perform  the 
molt  important  part  in  this  procefs. 

Some  of  the  commoneft  fermenting  materials 
fuch  as  wort  of  malt,  or  the  infufion  of  the 
foluble  part  of  barley  rendered  faccharine  by 
previous  decompofition,  it  is  well  known  will 
hardly  enter  into  fermentation  without  the 
addition  of  yea/l,  and  hence  chemifts  have 
fought  in  this  fubftance  for  the  principle  which 
gives  the  firft  impulfe  to  the  fermentation  of 
fugar.  The  analyfis  of  yeaftb  prefents  a vafl 
variety  of  ingredients,  the  chief  of  which  are 
the  carbonic,  acetic,  and  malic  acids,  mucilage, 
fugar,  and  gluten.  Of  thefe  the  latter  is  in 
the  largeft  proportion,  which  would  feem  to 
give  much  weight  to  the  opinion  of  the  great 
ftiare  which  the  azotic  ingredient  has  in  indu- 
cing fermentation. 

Yet  Mr.  Henry c found  by  a feries  of  very 
interefting  experiments  that  malt  infufion  might 
be  made  to  enter  into  complete  fermentation 
fimply  by  impregnating  it  with  carbonic  acid 
from  chalk  and  fulphuric  acid,  and  the  liquor 
thus  fermented  gave  a yeaft,  which  made  per- 
fe£t  bread,  gave  alcohol  by  diflillation,  and 
vinegar  by  further  keeping.  Undoubtedly  the 
wort  itfelf  contained  all  the  ingredients  of  yeaft 
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fince  this  fubftance  was  produced  during  the 
fermentation,  but  the  experiment  is  decifive  to 
prove  that  no  addition  of  azotic  extradb  is  re- 
quired to  begin  fermentation  in  materials  natu- 
rally fermentible,  though  when  once  begun, 
the  yeaft  as  faft  as  it  was  produced  muft  have 
affifted  in  the  fermentation  then  going  on. 

The  evidence  for  the  neceffxty  of  an  acid  to 
begin  fermentation  is  therefore  more  decifive, 
but  it  ftill  is  doubtful  what  particular  acid  is 
required,  or  whether  feveral  will  anfwer  the 
purpofe. 

In  Mr.  Henry’s  experiments  the  acid  was  the 
carbonic,  and  from  the  arrangement  of  the 
apparatus  probably  a fmall  portion  of  the  ful- 
phuric was  alfo  carried  in  along  with  it.  But 
in  grape  juice  no  evidence  can  be  given  of  the 
exiftence  of  the  carbonic  acid  ready  formed, 
though  the  tartaric,  and  malic,  and  other  vege- 
table acids  contain  within  themfelves  the  two 
ingredients  of  carbonic  acid,  and  it  is  well 
known  that  they  are  chiefly  and  ultimately 
refolvable  into  the  carbonic.  Yeaft  will  even  in- 
duce fermentation  after  it  is  preffed  and  dried 
into  folid  cakes,  (a  pra&ice  not  uncommon  as 
it  will  keep  a great  length  of  time  in  this  form) 
but  after  this  operation  it  can  hardly  contain  an 
atom  of  carbonic  acid  ready  formed,  though 
with  abundant  tendency  to  produce  it  by  the 
firft  mutual  a£Hon  of  its  other  conftituent  parts. 

Many  interefting  enquiries  therefore  remain 
to  be  carried  on,  before  we  can  have  a full  and 
fatisfa<ftory  theory  of  this  moft  important  pro- 
cefs of  vinous  fermentation. 

FERMENTATION,  (Acetous).  See  Ace- 
tous Acid  and  Vinegar. 

FERMENTATION  (Putrid).  See  Putre- 
faction. 

FERNAMBOUC  WOOD.  See  Brazil 
Wood.  . 

FERRILITE.  See  Basalt. 

FEUERSTEIN.  See  Flint. 

FIBRE  OF  PLANTS.  Almoft  all  plants 
contain  a fibrous  matter,  which  is  diftinguifhed 
by  its  comparative  infolubility  in  all  chemical 
agents,  indeftru£libility  by  fpontaneous  change, 
and  by  a certain  toughnefs  and  elafticity  pro- 
duced by  the  ftrong  intertexture  of  minute  fibres. 
Thefe  fibres  are  fometimes  highly  flexible  and 
firm,  as  the  ftringy  ftalk  of  the  hemp  plant,  the 
aloe,  the  bark  of  the  birch,  and  other  trees  that 
afford  all  the  varieties  of  matting ; with  greater 
hardnefs  and  brittlenefs  they  exift  in  the  cane, 
but  ftill  highly  flexible  and  elaftic ; and  with 
ftill  greater  denfity  and  diminifhed  flexibility 
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they  form  the  ligneous  fibre  or  wood  of  the 
larger  trees.  The  chemical  analyfis  of  vegetable 
fibre,  which  prefents  a greater  proportion  of 
carbon  and  earthy  matter  than  any  other 
vegetable  fubftance  will  be  defcribed  under 
the  article  Wood. 

FIBRIN  (Animal),  MUSCULAR  FIBRE 
or  FLESH. 

The  mufele  or  fiefh  of  animals,  a fubftance 
equally  important  in  the  ftudy  of  phyfiology  as 
of  animal  chemiftry,  is  compofed  of  an  infinite 
number  of  oblong  or  cylindrical,  foft,  nearly 
inelaftic,  femitranfparent,  generally  fomewhat 
red  fibres,  which  examined  microfcopically  are 
i'een  to  fubdivide,  as  far  as  the  power  of  glades 
will  carry  the  eye,  into  bundles  of  fibrils  parallel 
to  each  other,  and  bound  together  by  minute 
cellular  web  of  obvioufly  a different  nature. 
The  circumftance  which  in  a phyfiological  point 
of  view  peculiarly  diftinguifties  mufcular  fibre 
from  every  fubftance  in  nature  is  its  dif- 
pofition,  when  living,  to  contra£l  in  length  on 
the  application  of  ftimuli,  and  to  return  imme- 
diately to  a ftate  of  relaxation,  an  inherent  power 
totally  independent  of  any  known  mechanical 
laws  of  motion,  and  a grand  phenomenon  of 
animal  life. 

When  fibre  is  chemically  examined  it  muft 
be  remembered  that  the  living  mufele,  befides 
being  interfered  to  extreme  minutenefs  with 
cellular  web,  is  penetrated  by  arteries,  veins, 
nervous  fibrils,  and  lymphatics,  all  of  which, 
with  their  contents,  muft  be  more  or  lefs  min- 
gled with  the  proper  fibre,  and  therefore  the 
chemical  analyfis  of  pure  fibre  cannot  be  pre- 
cifely  afeertained.  However,  maceration  with 
water  and  mechanical  preffure  will  remove  much 
of  this  extraneous  matter,  and  in  this  ftate  we 
muft  at  prefent  confider  it. 

Fibrin,  it  may  be  premifed,  has  fo  clofe  a 
refemblance  with  the  gluten  or  coagulum  of 
Blood,  that  in  a chemical  point  of  view  thefe 
fubftances  are  nearly  identical. 

When  a portion  of  mufele  cut  into  thin 
Ihreds  is  macerated  in  cold  water  for  feveral 
hours,  the  water  becomes  red  by  the  extra&ion 
of  the  blood  and  extraneous  parts  combined 
with  the  animal  fibre,  which  laft  gradually  be- 
comes whiter  and  cleaner.  This  maceration 
ihould  be  affifted  by  frequent  preffure,  and  by 
often  changing  the  water  it  may  be  con- 
tinued feveral  days  without  putrefcency  in  the 
fibre  itfelf.  If  the  flefh  is  then  boiled  long  in 
water  fome  more  animal  fluids  are  extracted, 
chiefly  gelatin,  together  with  coagulated  flocculi 


of  albumen  as  Fourcroy  has  obferved,  and  fome 
drops  of  oil.  When  the  foluble  parts  of  fibre 
are  wanted  for  domeftic  purpofes,  as  for  broths, 
foups,  & c.  the  previous  maceration  in  cold 
water  is  omitted.  The  fibre  after  the  aftion  of 
cold  and  hot  water  is  exhaufted,  remains  a grey 
white  infipid  ftringy  fubftance,  which  rather 
hardens  by  the  further  continuance  in  hot  water, 
and  when  dried  flowly  in  a warm  air  becomes 
femitranfparent  like  horn  and  very  brittle.  This 
is  fibrin  in  the  pureft  ftate  in  which  it  can  be 
procured. 

Fibrin  thus  prepared  is  totally  infoluble  in 
water.  It  diffolves  readily  in  moft  of  the  acids, 
but  with  the  dilute  nitric  it  gives  out  a large 
portion  of  azotic  gas  of  great  purity.  A ftronger 
nitric  acid  produces  a more  complicated  effeH, 
and,  as  Berthollet  has  obferved  in  his  valuable 
Memoir  on  Animal  Matters,  converts  part  of  it 
into  a kind  of  fuetty  fat  which  collects  on  the 
furface,  whilft  another  portion  is  changed  by 
means  of  the  nitric  acid  into  the  oxalic,  which 
therefore  is  always  found  in  the  remaining 
liquor. 

Fibre  added  to  the  fixed  alkalies  gives  off 
fome  ammonia,  and  is  reduced  to  a kind  of  foap 
by  union  with  the  alkali. 

Mr.  Hatchett’s  valuable  experiments  a on  this 
fubftance  throw  great  light  on  the  conftitution 
of  mufcular  fibre,  and  point  out  a moft  ftriking 
refemblance  to  condenfed  albumen  in  a variety 
of  particulars  before  unnoticed.  They  are 
chiefly  the  following.  Mufcular  fibre  (previoufly 
exhaufted  by  long  maceration  in  cold  and  hot 
water  of  every  thing  foluble  in  that  fluid)  was 
fteeped  for  a fortnight  in  nitric  acid  diluted 
with  three  parts  of  water.  The  acid  acquired  a 
yellow  tinge  and  had  acquired  all  the  properties 
of  the  nitric  folution  of  albumen.  The  chief 
part  of  the  fibre  thus  thoroughly  penetrated  by 
the  acid  was  then  put  into  boiling  water,  in 
which  it  diffolved  and  gave  a gelatinous  mafs 
by  evaporation,  which,  when  rediffolved  in 
water,  was  precipitated  by  infufion  of  tan  and 
by  nitro-muriat  of  tin,  in  the  precife  manner  of 
all  the  common  albuminous  folutions.  The 
fibre  after  fteeping  in  the  acid  was  chiefly  dif- 
folved in  ammonia,  forming  a brown  orange 
folution.  With  potafti  ammonia  was  extricated, 
and  it  formed  a foap  like  the  albuminous  fonps. 
The  refidue  left  undiffolved  after  the  a£lion  of 
ammonia  confifted  chiefly  of  fat.  Buc  when 
the  wafhed  fibre  was  treated  with  boiling  nitric 
acid,  the  folution  ftill  more  clofely  refembled, 
that  of  albumen  in  nitric  acid,  but  with  this 
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additional  circumftance,  that  on  fuperfaturation 
with  ammonia  a copious  white  precipitate  fell 
down,  which  confifted  of  the  phofphat  andoxalat 
of  lime,  of  which  the  former  preexifted  in  the 
fibre,  and  the  oxalic  acid  of  the  latter  was 
formed  by  the  aft  ion  of  the  nitric  acid  on  fome 
portion,  probably  the  gelatinous,  of  the  fibre, 
and  then  united  with  the  carbonat  of  lime  which 
is  alfo  prefent. 

The  folution  if  made  by  boiling  nitric  acid 
alfo  contains  a notable  excefs  of  oxalic  acid  as 
well  as  oxalat  of  lime,  but  this  acid  is  not  found 
in  any  ftate  when  only  cold  nitric  acid  has  been 
ufed,  and  hence  the  oxalic  acid  is  obvioufly  a 
produft  and  is  not  to  be  confidered  as  a con- 
ftituent  of  mufcular  fibre. 

The  liquor  or  broth  of  fibre  boiled  in  water 
contains,  befides  gelatin  and  other  animal  juices, 
a quantity  of  phofphat  of  foda  and  even  phof- 
phat of  lime,  which  is  almoft  entirely  extrafted 
from  the  fibre  by  long  boiling. 

Lime  therefore  is  found  in  mufcular  fibre  in 
two  Hates,  as  a phofphat  which  is  chiefly  fepa- 
rable  by  long  boiling,  and  in  fome  other  llate  in 
which  it  is  not  extrafted  by  water  but  remains 
ready  to  combine  with  the  oxalic  acid  as  foon 
as  formed,  for  this  acid  will  not  decompofe  the 
phofphat.  This  other  ftate  therefore  is  probably 
the  carbonat,  and  the  quantity  of  lime  in  this 
combination  is  fufficient  to  form  17  grains  of 
the  dry  oxalat  from  200  grains  of  the  mufcle 
previoufly  exhaufted  by  water  and  dried,  and 
then  diflolved  in  boiling  nitric  acid  and  precipi- 
tated by  ammonia. 

Much  difference  appears  in  the  quantity  of 
earthy  falts  in  mufcular  fibre  in  proportion  to 
the  age  of  the  animal.  Thus  Mr.  Hatchett 
found  that  though  beef  contained  both  phofphat 
and  carbonat  of  lime,  veal  gave  hardly  any  in- 
dications of  the  latter  and  a much  fmaller  quan- 
tity of  the  phofphat,  a circumftance  of  fome 
importance  in  phyfiology. 

The  analyfis  by  fire  fhewed  the  following 
very  notable  difference  between  the  three  great 
conftituents  of  the  foft  parts  of  animals,  namely 
gelatin,  albumen,  and  fibrin,  in  the  proportion 
both  of  carbon  and  of  earthy  refidue. 

Five  hundred  grains  of  ifinglafs  (the  pureft 
fpecimen  of  gelatin  that  can  be  taken)  diltilled 
with  a ftrong  heat  in  clofe  veffels  left  56  grains 
of  refidue,  of  which  54.5  were  loft  by  open 
calcination  and  therefore  were  carbon,  and  the 
refidue,  amounting  to  1.5,  appeared  to  be  phof- 
phat of  foda  with  a trace  of  phofphat  of  lime. 

Five  hundred  grains  of  dry  albumen  treated 
in  the  fame  way  gave  63-25  grains  of  carbon 


and  11.25  refiduum,  chiefly  foda,  rendered 
cauftic  by  the  heat,  together  with  phofphat  of 
foda  and  a very  fmall  portion  of  phofphat  of 
lime. 

Five  hundred  grains  of  dry  prepared  mufcle 
of  beef  gave  82.4  of  carbon  and  25.6  of  refidue, 
the  greateft  part  of  which  was  carbonat  of  lime 
mixed  with  fome  pure  lime  and  a little  of  the 
phofphat.  But  ftill  more  earthy  fait  is  con- 
tained in  mufcular  fibre  than  appears  in  this 
eftimate,  as  the  mufcular  fibre  was  previoufly 
exhaufted  of  every  thing  foluble  in  boiling  water, 
under  which,  as  already  mentioned,  is  to  be  in- 
cluded almoft  all  its  natural  content  of  phof- 
phat of  lime. 

The  general  inference  from  thefe  experiments 
and  others  mentioned  under  the  article  Albu- 
men, is  that  (fetting  afide  the  faline,  earthy, 
and  what  may  be  confidered  as  acceflary  ingre- 
dients of  mufcular  fibre  derived  from  its  intri- 
cate organization)  the  principal  conftituent  is  a 
fubftance  which  from  the  effeft  of  the  leading 
chemical  reagents  may  be  inferred  to  be  nearly 
identical  with  infpiflated  albumen,  and  this  ap- 
pears to  be  the  primary  fubftance  of  the  organi- 
zation of  many  if  not  moft  of  the  foft  parts  of 
the  body  in  which  the  moft  important  functions 
of  life  refide. 

A few  mifcellaneous  circumftances  may  be 
added  concerning  mufcular  fibre.  When  tho- 
roughly wafhed  and  freed  from  all  that  water 
can  extraft,  it  does  not  readily  putrefy,  but  in 
its  natural  ftate  it  foon  undergoes  this  change, 
the  texture  becomes  flabby  and  loofe,  the  colour 
pale,  and  the  fmell  exceflively  fetid.  The  flefh 
of  young  animals  (other  things  being  the  fame) 
more  readily  putrefies  than  of  old  ones.  When 
immerfed  in  running  water,  or  buried  under 
ground  under  particular  circumftances,  it  chan- 
ges to  that  Angular  fpermaceti-like  matter  which 
has  been  termed  Adipocire.  When  mufcular 
flefn  is  flowly  and  thoroughly  dried  and  kept  in 
a dry  air,  it  will  remain  long  without  undergoing 
any  change.  Alcohol  extrafts  the  colour  from 
mufcle,  hardens  its  texture  and  effeftually  pre- 
ferves  it  from  further  change.  In  general  almoft 
all  the  antifeptics  are  more  efficacious  in  pre- 
ferring fibre  from  putrefaftion  than  any  other 
of  the  foft  parts  of  the  body. 

Of  the  volatile  produfts  of  the  diftillation  of 
mufcular  fibre  ammonia  is  the  moft  important, 
and  indicates  the  exiftence  of  much  azot  in  the 
fibre  itfelf.  An  acid  is  alfo  given  out,  which 
is  acrid,  not  cryftallizable,  and  has  the  peculiar 
fmell  of  roaft  meat.  It  was  confidered  by  Ber- 
thollet  as  an  undefcribed  acid,  and  called  by 
3 1 2 
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him  the  zoonicy  but  it  feems  now  generally 
allowed  that  it  con  Alls  chiefly  of  the  acetous 
acid  fouled  and  altered  by  i'ome  of  the  animal 
fubftances  rendered  empyreumatic  by  the  heat 
ui'ed  to  procure  it. 

FILTRATION  is  one  of  the  daily  operations 
in  chemiftry,  apparently  Ample  and  trivial,  but 
concerning  which  a few  ufeful  particulars  may 
be  mentioned.  ( See  the  Appendix,  article  Filter ). 

FISH  SOAP  is  a kind  of  foap  lately  attempted 
to  be  introduced  in  manufacture,  made  by  dif- 
folving  refufe  filh  of  all  kinds  in  cauftic  alkali. 
(See  Soap.) 

FIRE.  See  Caloric. 

FIRE  DAMP  is  that  inflammable  gas  gene- 
rated in  many  mines,  particularly  coal  pits, 
which  often  produces  molt  dreadful  exploAons 
when  accidentally  Ared  by  the  workmen.  It  is 
only  to  be  prevented  by  thorough  ventiliation. 

FLESH.  See  Fibrin. 

FLINT.1  Feuerjlein.  Wern.  Pierre  a fufil. 
Broch.  Quartz-agathe  pynamaque.  Hauy. 

The  colour  of  this  mineral  is  fmoak-grey  of 
different  fhades,  pafling  into  greyifh-black  and 
almoft  perfe£t  black,  or  yellowifh-grey  pafling 
into  yeilowifti-white,  wine  and  ochre  yellow ; 
it  aifo  occurs  bluifh-grey,  yellowhh  and  reddifti- 
brown.  Two  or  more  colours  are  often  found 
in  the  fame  fpecimen  forming  points,  fpots, 
clouds,  or  ftripes.  It  generally  alfo  exhibits 
opake  white  fpots.  It  occurs  in  mafs,  diflemi- 
nated,  in  angular  grains  and  fragments,  in 
globular  and  tubercular  mafles,  or  carious,  and 
amorphous,  fometimes  alfo  in  pfeudo-cryftals 
either  pyramidal  or  prifmatic  moulded  on  calca- 
reous (par.  It  alfo  conftitutes  the  fubftance  of 
various  petrifactions  as  echinites  and  coralloids. 
Its  external  lufire  is  cafuaj,  internally  it  is  glim- 
mering. Its  fraCture  is  perfectly  conchoidal : 
it  breaks  into  indeterminately  angular  and  very 
(harp-edged  fragments.  It  fometimes  though 
rarely  occurs  in  lamellar  diftinCt  concretions. 
It  is  tranflucent,  varying  in  degree  according  to 
the  depth  of  colour,  the  very  light-grey  varieties 
being  femi-tranfparent.  Its  hardnefs  is  a little 
greater  than  that  of  quartz,  it  is  eafily  frangible 
in  any  direction.  Sp.  gr.  2.58  to  2.59. 

When  expofed  to  the  blow-pipe  it  becomes 
of  an  opake-white,  but  is  wholly  infuflble  with- 
out addition.  By  being  heated  red  hot  in  a 
diftillatory  apparatus  it  yields  from  one  to  two 
per  cent*  of  a fomewhat  empyreumatic  water 
and  a little  carbonic  acid.  If  projected  on 
fufed  nitre,  it  gives  out  a few  (parks  accom- 
.panied  by  a flight  detonation.  It  has  been 


analyfed  by  Klaproth5  and  Vauquelin 

the  following  refults. 

Klap. 

Vauq. 

Silex  - - 98. 

— 97. 

Lime  - - 0.5 

— 0. 

Alumine  - 0.25 

\ 

Oxyd  of  Iron  0.28 

/ J* 

Lofs  - - - r. 

— 2. 
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The  cloudy  and  opake  greyiflh  fpecks  which 
frequently  occur  in  this  mineral  contain  accord- 
ing to  Vauquelin,  from  two  to  flve  per  cent,  of 
carbonated  lime,  and  the  white  opake  cruft  with 
which  thofe  fpecimens  are  covered  that  are 
taken  immediately  out  of  chalk,  conflfts  accord- 
ing to  the  fame  able  chemift  of 


Silex  - - - - 

86.42 

Oxyd  of  iron  - - 

1.23 

Carbonated  Lime 

9.88 

Lofs  - - - - 

2.47 

100  . . 


Flint  occurs  fometimes  though  rarely  in  pri- 
mitive rocks  forming  veins,  but  when  belonging 
to  this  formation  its  fraCture  has  a tendency  to 
fplintery,  and  is  lefs  eaflly  frangible  than  com- 
mon flint,  and  in  faCt  appears  to  be  a variety  of 
hornftone  pafling  into  chalcedony.  Common 
flint  occurs  in  rounded  pebbles  conftituting  the 
greater  part  of  the  extenflve  beds  of  gravel 
which  accompany  the  ranges  of  chalk-hills,  but 
here  it  is  evidently  worn  by  attrition  and  dif- 
pofed  in  a fortuitous  irregular  manner.  It  is 
only  in  the  chalk-hills  themfelves  that  it  appears 
in  its  native  repofltory  : here  it  is  difpofed  in 
regular  beds  alternating  with  the  chalk  ; and 
detached  mafles  are  often  enveloped  in  the  chalk 
itfelf.  A bed  of  flint  is  never  a continuous  ftra- 
tum,  but  is  compofed  of  irregular  flattened  no- 
dules with  tubercular  or  long  proje&ing  procef- 
fes,  each  feparated  from  the  other  by  ochery 
chalk,  yet  the  whole  bed  preferves  its  parallel- 
ifm  very  exadftly.  Many  nodules  are  hollow, 
and  if  the  cavity  communicates  with  the  out- 
Ade,  are  for  the  mod  part  Ailed  with  chalk,  but 
if  there  is  no  external  aperture,  the  hollow  is 
lined  with  minute  pyramids  of  quartz  or  tu- 
bercles of  chalcedony. 

The  formation  of  flint  is  a problem  that  has 
been  difcufled  by  the  contending  parties  of  Nep- 
tunifts  and  Volcanifts,  but  without  coming  to 
any  fatisfa£Iory  concluflon  on  either  Ade : 
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neither  the  infiltration  of  difiolved  nor  the  injec- 
tion of  melted  filex,  at  all  accounting  for  the 
regular  manner  in  which  the  beds  of  flint  are 
difpofed.  Thus  much  is  certain,  that  flints 
recently  taken  out  of  the  quarry  (not  out  of 
gravel  beds)  contain  a much  larger  proportion 
of  water  than  is  indicated  by  their  analyfis, 
which  probably  was  performed  on  long-kept 
fpecimens,  fince  at  every  fra&ure  the  whole 
furface  is  covered  over  with  minute  drops  of 
dew,  which  give  a very  fenfible  moifture  to 
the  finger  when  rubbed  over  it.  It  alfo  feems 
evident  that  the  flints  in  chalk  beds  have  form- 
erly been  in  a foft  Hate,  becaufe  they  are  con- 
ftantly  found  covered  with  a hard  white  coat,  a 
line  or  more  in  thicknefs  but  not  feparated  from 
the  reft  of  the  ftone,  which  contains  from  9 to 
10  per  cent,  of  lime. 

Thofe  flints  which  burn  to  a pure  white  colour 
are  employed  in  the  finer  kinds  of  pottery.  The 
light-coloured  flints  are  made  into  gun-flints, 
for  which  they  are  admirably  qualified  by  the 
plenty  and  vivacity  of  the  iparks  which  they 
yield  on  collifion  with  fteel,  and  from  the  eafe 
with  which  they  are  manufactured  on  account 
of  their  natural  tendency  to  break  into  wedge- 
fhaped  fragments.  Flint  is  alfo  an  excellent 
material  in  building ; the  irregularity  of  its  fur- 
face  affords  numerous  points  of  contact  for  the 
cement,  and  it  appears  unalterable  under  every 
vicifiitude  of  weather.  Numerous  beautiful 
fpecimens  of  flint  buildings  occur  in  the  counties 
of  Eflex,  Suffolk,  and  Norfolk. 

FLOETZ.  See  Rocks. 

FLOWERS.  B lumen.  Germ. 

The  old  chemifts  were  accuftomed  to  denote 
by  this  name  feveral  fubftances  both  metallic 
and  otherwife,  which  were  procured  by  fubli- 
mation  and  were  in  the  form  of  flightly  co- 
hering powder  or  fpicular  cryftals.  Thus  we 
find  mention  made  of  flowers  of  antimony, 
arfenic,  zinc  and  bifmuth,  which  are  the  fub- 
limed  ox  yds  of  theie  metals  either  pure  or  com- 
bined with  a little  fulphur  or  muriatic  acid ; 
alfo  of  flowers  of  fulphur,  of  benzoin  and  fal 
ammoniac.  The  term  is  at  prefent  almoft 
entirely  fallen  into  difufe. 

FLUOR*.  Ghaux fluatee,  Hauy. 

This  fpecies  is  divided  into  the  two  following 
fubfpecies. 

I.  Fluor  Spar;  Flufs-fpath , Wern.  Spcth 
Jhior,  Broch.  Blue  'John , of  the  Derby  fiiire 
miners. 

The  colours  exhibited  by  this  mineral  are 
very  various ; it  is  pearl  or  lmoak-grey,  yellow- 


ifh-brown  paffing  into  brownlfh-black ; cr 
reddifh-white  pafling  into  rofe  colour,  (the  falfe 
ruby  of  fome  authors) ; or  violet  blue  (falfe 
amethyft)  pafling  into  fmalt,  and  fky-blue  (falfe 
fapphire)  and  bluifh-black  ; or  greenifh-white 
pafling  into  apple-green,  grafs  and  emerald- 
green  (falfe  emerald,  (prime  d'etneraude)  ; or 
wax  and  honey-yellow  (falfe  topaz).  In  the 
cryftallized  varieties  the  colours  are  for  the  mod 
part  uniform,  but  the  maflive  variety  difplays 
feveral  colours  arranged  in  dots,  clouds,  and 
parallel  waving  or  angular  veins  like  the  fortifi- 
cation agate.  It  occurs  in  mafs,  difleminated, 
and  cryftallized.  Its  primitive  figure  is  a regu- 
lar oCtohedron  compofed  of  tetrahedral  mole- 
cules: it  alfo  exhibits  the  following  varieties. 

1.  The  o£tohedron,  the  fummits  of  which 
terminate  in  lines  inftead  of  points. 

2.  The  cube. 

3.  The  rhomboidal  dodecahedron. 

4.  The  o£tohedron,  all  the  edges  of  udiich 
are  replaced  by  fecondary  planes. 

5.  The  cube  modified  in  the  fame  manner 
-as  the  preceding  variety.  When  this  modifi- 
cation attains  its  limit  the  original  faces  of  the 
cube  difappear,  and  are  each  replaced  by  a very 
broad  four-fided  pyramid. 

6.  A folid  exhibiting  facets  with  four,  fix, 
and  eight  fides,  and  produced  from  a combina- 
tion of  the  octohedron  with  var.  2 & 3. 

7.  An  imperfedt  odtohedron  with  convex 
faces  giving  the  whole  a fpheroidal  appearance. 
The  cryftals  are  either  Angle  or  irregularly  inter- 
mixed or  accumulated  upon  one  another  forming 
rude  prifms.  Their  fize  varies  from  very  fmall 
to  very  large.  The  furface  of  the  cryftals  is 
either  fmooth  and  fhining  or  rough  and  glim- 
mering : the  furfaces  of  the  odtohedron  are 
generally  rough.  Its  internal  luftre  is  brightly 
finning  and  vitreous,  fomewhat  inclining  to 
pearly.  Its  fradlure  is  foliated  in  four  direc- 
tions ; its  fragments  are  for  the  moft  part  tetra- 
hedral. When  in  mafs  it  is  tranflucent ; the 
cryftals  are  generally  tranfparent  or  femi-tranf- 
parent.  It  occurs  fometimes  in  granular,  rarely 
in  lamellar  diftindt  concretions.  Its  hardnefs  is 
fuperior  to  that  of  calcareous  fpar ; it  is  brittle 
and  eafily  frangible.  Sp.  gr.  3.1  to  3.2. 

Fluor  fpar  when  expofed  without  addition  to 
the  action  of  the  blowpipe,  crackles  and  decre- 
pitates with  confiderable  violence,  and  at  length 
melts  down  into  a greyifh-white  enamel.  When 
laid  on  hot  charcoal  it  gives  out  a bluifh  or 
greenifh  phofphoric  light,  a fimilar  light  is  alfo 
produced  by  rubbing  together  two  pieces  in  the 
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dark.  Certain  varieties  of  fluor  are  more  phof- 
phorefcent  than  others,  but  the  molt  remarkable 
example  of  this  phenomenon  is  a violet-coloured 
fiuor  found  in  Siberia,  and  fold  in  Europe  in 
fmall  pieces  under  the  name  of  chlorophane : if 
this  is  laid  on  a hot  coal  it  prefently  is  obferved 
to  glow  with  a molt  beautiful  phofphorefcent 
light  of  an  emerald  colour;  after  each  heating 
its  violet  colour  is  diminifhed,  and  when  it  is 
become  nearly  colourlefs  its  phofphorefcence 
is  exhaufted. 

If  fulphuric  acid  is  poured  on  very  finely  pul- 
verized fiuor  fpar,  and  a gentle  heat  is  applied 
to  the  mixture,  a peculiar  gafleous  acid  is  difen- 
gaged  which  has  obtained  the  name  of  the 
Fluoric. 

Fluor  fpar  has  hitherto  been  only  analyfed  by 
Scheele,  who  Hates  it  be  a compound  of 
Lime  - - - 57. 

Fluoric  acid  - 16. 

Water  - - 27 
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Befides  thefe  which  may  be  confidered  as  the 
offential  conftituents  of  this  mineral,  the  coloured 
varieties  contain  oxyd  of  iron  and  very  often 
bitumen ; this  is  particularly  the  cafe  with  the 
blue  and  black  kinds ; hence  it  is  that  blue 
fiuor  when  laid  for  a time  in  warm  afhes,  ac- 
quires an  orange  or  bright  ochre  colour  from 
the  evaporation  and  decompofition  of  its  bitu- 


men. 

Fluor  fpar  forms  veins  in  primitive  mountains 
accompanied  by  tin  ore,  mica,  apatit,  and  quartz, 
as  in  Cornwall,  and  at  Zinnwald  in  Bohemia ; 
it  alfo  occurs  in  argillaceous  fchiftus  accom- 
panied by  fpathofe  iron  ore,  quartz,  calcareous 
fpar  and  heavy  fpar,  in  Cumberland  and  Dur- 
ham ; alfo  in  fecondary  limeftone  filled  with 
organic  remains,  accompanied  by  galena,  blende, 
calcareous,  pearl,  and  heavy  fpars,  quartz,  clay, 
and  folid  bitumen,  in  Derbyfhire.  It  is  alfo 
met  with  in  Aberdeenfhire,  in  Brittany  in 
France,  Chamouni  in  Switzerland,  in  Saxony, 
Swabia  and  the  Hartz,  in  Germany,  and  in 
Norway  and  Sweden. 

Fluor  was  formerly  and  {till  continues  to  be 
ufed,  as  a very  efficacious  flux  in  the  reduction 
of  various  metallic  ores,  whence  it  obtained  its 
name  : it  is  alfo  the  only  fubflance  from  which 
fluoric  acid  is  procured.  The  maffive  pieces 
when  of  fufficient  fize,  folidity,  and  beauty, 
are  wrought  into  various  extremely  ornamental 
objects  fuch  as  vafes,  bafons,  obelifks,  &c.  This 


manufacture  is  entirely  confined  to  Derbyfhire, 
no  other  part  of  the  world  affording  fluor  fuffi- 
ciently  compact  for  this  purpofe.  The  fluor 
that  is  manufactured,  commonly  called  Derby- 
Jlnre  fpar , is  found  only  in  one  mine  a little  to 
the  Weft  of  Caftleton  ; it  here  occurs  in  veins 
and  detached  maffes  from  three  inches  to  a foot 
in  thicknefs.  The  method  of  manufacturing  it 
is  as  follows. 

“ When  the  fluor  is  intended  to  be  worked 
“ into  a vafe  or  the  like  article,  a piece  is 
“ felected  fit  for  the  purpofe,  and  if  after 
“ minute  examination  it  be  found  free  from 
“ defects,  it  is  carved  with  a mallet  and  chiffel 
“ into  a fpherical  form,  and  then  fixed  on  a 
“ chock  with  an  exceedingly  ftrong  cement. 
“ The  chock  is  then  fcrewed  on  the  lathe, 
“ a flow  motion  is  produced  and  water  con* 
“ tinually  drops  on  the  ftone  to  keep  the  tool 
“ cold,  which  is  at  firft  applied  with  great  care. 
“ This  tool  is  a piece  of  the  beft  fteel,  about 
<c  two  feet  long  and  half  an  inch  fquare ; it 
“ is  reduced  to  a point  at  each  end,  and  tem- 
“ pered  to  fuit  the  work.  As  the  furface 
“ becomes  fmoother  the  tool  is  applied  more 
“ boldly  and  the  motion  much  quickened,  till 
“ the  piece  of  fluor  be  reduced  to  its  intended 
“ form. 

“ The  piece  being  thus  formed  and  rendered 
<c  fmooth  by  the  fteel  inftruments,  in  order  to 
“ render  it  fit  to  receive  a poliffi,  a coarfe  ftone 
“ is  applied  with  water  fo  long  as  the  fmoothnefs 
“ is  improved  by  thefe  means,  then  finer  grit- 
“ ftone,  pumice,  &c.  till  the  piece  be  fufficiently 
“ fmooth  to  receive  coarfe  emery,  and  after- 
“ wards  fine  emery.  If  with  the  latter  it 
“ appear  of  a good  ffiining  glofs,  then  the  fineft 
“ putty  is  employed  for  a confiderable  length 
“ of  time,  till  the  poliffi  be  as  bright  as  poffible, 
“ which  is  known  by  throwing  water  on  it.  If 
“ the  part  thus  watered  appear  higher  poliffied 
“ than  the  reft  the  polifhing  is  continued  till 
“ water  will  not  heighten  the  appearance. 

“ The  advantage  of  a lathe  worked  by  water 
“ is  particularly  confpicuous  in  forming  delicate 
“ hollow  vafes,  8c c.  for  by  the  ufe  of  the  foot- 
“ lathe  the  fluor  was  frequently  broken,  and  its 
“ laminated  texture  at  all  times  difturbed,  but 
“ the  ufe  of  the  water-lathe  by  its  fteadinefs 
“ prevents  thefe  inconveniences.”  b 

II.  CompactFluor.  Dichier.fi/fs.  Wern. 
Fluor  compaBe.  Broch. 

Its  colour  is  clear  greeniffi-grey  paffing  into 
verdegris  and  greeniffi-white ; it  is  alfo  occafi- 
onally  marked  with  yellowifh  and  reddiffi-brown 
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fpots.  It  occurs  in  mafs.  Externally  it  is  dull 
or  feebly  glimmering  j internally  glimmering, 
with  a vitreous  luftre.  Its  fra&ure  is  even, 
approaching  on  the  one  hand  to  imperfe£t  and 
flat  conchoidal,  and  on  the  other  to  fplintery. 
It  breaks  into  indeterminately  angular  and  ffiarp- 
edged  fragments ; it  is  tranflucent  j confiderably 
harder  than  the  preceding  fub-fpecies ; and 
eafily  frangible. 

It  occurs  in  veins  with  fluor  fpar  at  Stolberg 
in  the  Hartz,  and  in  Derbyfhire,  but  is  very 
rare. 

FLUORIC  ACID.  Acide  Fluorique.  Fr. 
Flufsfpathfaure.  Germ. 

In  the  Tranfa&ions  of  the  Academy  of  Sciences 
at  Berlin  for  1768,  is  contained  a memoir  by 
Margraaf  on  fluor  fpar.  This  able  chemift  found 
that  when  the  above  mineral  was  diftilled  with 
fulphuric  acid  a volatile  acid  vapour  was  difen- 
gaged  which  depofited  a white  earth  on  coming 
into  contaft  with  water  : he  alfo  remarked  that 
the  retort  in  which  the  diftillation  was  carried 
on,  was  corroded  and  worn  into  holes  by  the 
procefs.  Three  years  after,  Scheele  publifhed 
a valuable  efiay  on  the  fame  fubjeft,  in  which 
he  proved  that  fluor  fpar  confilled  of  lime  com- 
bined with  a peculiar  acid,  many  of  the  proper- 
ties of  which  were  inveftigated  by  him  with 
great  fuccefs.  Prieftley  then  took  up  the  fub- 
je<ft,  confining  his  attention  for  the  molt  part 
to  the  action  of  fluoric  acid  in  the  ftate  of  gas. 
Since  the  date  of  thefe  laft  experiments  but  few 
additions  have  been  made  to  our  knowledge  of 
this  acid  and  its  various  combinations. 

The  diftinguiffiing  property  of  fluoric  acid 
is  that  when  dry  and  in  the  ftate  of  gas  it 
readily  combines  with  filex,  and  ftill  retains  its 
elaftic  form : hence  arifes  the  peculiar  and  al- 
moft  infurmountable  difficulty  of  obtaining  this 
fubftance  in  a ftate  of  purity. 

Fluoric  acid  is  procured  from  fluor  fpar : for 
this  purpofe  a quantity  of  the  mineral  being 
reduced  to  a fine  powder  is  to  be  mixed  in  a 
thick  glafs  retort  with  an  equal  weight  of  con- 
centrated fulphuric  acid  : upon  the  application 
of  a gentle  heat  the  fulphuric  acid  will  combine 
with  the  calcareous  bafe  of  the  fpar,  and  fluoric 
acid  gas  will  at  the  fame  time  be  liberated  and 
may  be  received  in  the  mercurial  pneumatic 
apparatus  in  the  ufual  way.  If  the  heat  applied 
to  the  retort  is  fomewhat  confiderable,  and  the 
gas  is  rapidly  produced,  the  retort  will  give  way 
in  the  fpace  of  a minute  or  two  being  eaten  into 
holes  by  the  action  of  the  acid ; if  the  pro- 
cefs is  conducted  cautioufly  and  at  as  low  a 


temperature  as  poffible  the  retort  may  be  made 
to  laft  a confiderable  while  longer.  The  gas 
thus  procured,  while  confined  over  mercury,  is 
perfectly  colourlefs  and  tranfparent  •,  it  has  a 
pungent  fuflfocating  odour  like  muriatic  acid, 
produces  immediate  death  to  animals  which  are 
immerfed  in  it,  extinguiihes  the  flame  of  a 
candle  after  having  previoufly  tinged  its  flame 
of  a green  colour,  and  changes  certain  vegetable 
blues  to  red.  Its  fpecific  gravity  is  confiderably 
greater  than  that  of  atmofpheric  air,  but  has 
not  yet  been  afcertained  with  any  accuracy.  If 
this  gas  is  mixed  with  atmofpheric  air  a white 
vapour  fimilar  to  but  more  copious  than  that 
occafioned  by  the  muriatic  acid  gas  in  the  fame 
circumftances  is  the  refult ; this  appearance  is 
partly  occafioned  by  the  combination  of  the  acid 
with  the  moifture  of  the  air,  but  principally  by 
the  depofition  of  filex,  which  takes  place  at  the 
fame  time.  The  earth  is  in  like  manner  depo- 
fited if  the  gas  is  received  in  water,  and  this 
experiment  according  to  the'  circumftances  un- 
der which  the  acid  is  difengaged,  exhibits  a 
variety  of  Angular  and  interefting  appearances. 
As  foon  as  a bubble  of  gas  pafles  from  the  beak 
of  the  retort  into  the  water  it  is  immediately 
diminiffied  in  fize  from  the  abforption  of  a 
portion  of  the  acid,  and  the  whole  would  be 
taken  up  if  the  globule  did  not  inftantly  become 
coated  with  the  earth  depofited  by  that  part  of 
the  acid  which  is  abforbed,  for  the  earthy  film 
being  interpofed  between  the  gas  and  the  water 
prevents  any  further  combination  till  the  bubble 
reaches  the  furface  of  the  water,  where  it  burfts. 
If  this  is  performed  in  a jar  full  of  water  in- 
verted over  mercury,  and  care  is  taken  to  pre- 
vent the  gas  from  being  mixed  with  atmofpheric 
air,  the  whole  of  the  gas  is  abforbed,  and  the 
filex  in  proportion  as  it  is  depofited  diffufes  itfelf 
through  the  liquor,  which  thus  at  length  ac- 
quires a gelatinous  confiftence : when  in  this 
ftate  the  greater  part  of  the  earth  may  be  fepa- 
rated  by  putting  the  whole  in  a piece  of  linen 
and  fqueezing  it.  The  acid  liquor  thus  pro- 
cured being  again  inverted  over  mercury,  will 
abforb  an  additional  quantity  of  gas,  and  by 
thus  treating  it  three  or  four  times  fucceffively, 
a ftrong  fuming  acid  liquor  may  be  obtained, 
confifting  principally  of  fluoric  acid  and  water, 
but  ftill  holding  in  folution  a portion  of  filex 
and  probably  all'o  of  alkali,  from  the  decompo- 
fition  of  the  glafs  of  the  retort.  If  this  fatu- 
rated  liquor  is  mixed  with  a few  drops  of 
fluat  of  filver  a flight  precipitate  of  luna  cornea 
takes  place,3  and  the  fluoric  acid  is  thus  fepa- 
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rated  from  a fmall  portion  of  muriatic  acid, 
which,  when  prepared  in  the  foregoing  manner, 
it  is  always  found  to  contain.  From  the  liquor 
thus  purified  a confiderable  quantity  of  pure 
fluoric  acid  gas  may  be  obtained  by  heating  it 
ahnoft  to  ebullition,  in  a retort,  and  receiving 
the  product  in  mercury.  This  gas  appears  to 
confift  merely  of  fluoric  acid  faturated  with  as 
much  water  as  it  can  hold  in  an  elaftic  ftate, 
and  at  a moderately  cool  temperature  feems  to 
have  no  action  on  gluts.  It  combines  readily 
with  water  without  depofiting  any  earth,  and 
has  an  aftringent  acidulous  tafte.  A candle 
immerfed  in  it  is  extinguifhed  without  any  pre- 
vious change  in  the  colour  of  the  flame : it 
combines  with  ammoniacal  gas  forming  a white 
cloud  : b it  diflolves  camphor,  and  is  taken  up 
in  large  quantity  by  oil  of  turpentine,  to 
which  it  communicates  an  orange  colour  and  a 
pungent  acid  odour.  If  kept  for  tome  time  in  a 
bottle  of  foft  glafs  it  adds  upon  it  though  (lightly, 
on  which  account  it  is  a ufeful  precaution 
before  putting  the  acid  in,  to  line  the  bottle 
with  a thin  coating  of  a mixture  of  oil  and 
wax. 

It  has  been  propofed  by  fome  chemifts,  as  a 
method  of  obtaining  pure  liquid  fluoric  acid,  to 
make  ufe  of  a leaden  retort  and  receiver ; in 
which  cafe  the  fluor  fpar  being  previoufly 
reduced  to  an  exceedingly  fine  powder  is  to  be 
mixed  in  the  retort  with  an  equal  weight  of 
llrong  fulphuric  acid ; the  application  of  a 
gentle  heat,  not  exceeding  that  of  boiling  water, 
will  force  into  the  receiver  a large  quantity  of 
acid  gas,  where  it  combines  to  faturation  with 
water,  and  thus  produces  liquid  fluoric  acid.  In 
this  procefs,  provided  the  fpar  feledded  was  free 
from  quartz,  there  is  indeed  no  depofition  of 
filex,  but  a very  notable  proportion  of  lead  is 
volatilized,  and  remains  for  the  moll  part  dif- 
folved  in  the  liquor,  which,  on  this  account,  is 
by  no  means  fo  pure  as  the  acid  produced  by 
Dr.  Prieftley’s  method. 

Fluoric  acid  has  not  yet  been  decompofed,  its 
bafe  therefore  is  wholly  unknown,  and  it  is  only 
from  analogy  that  chemifts  fuppofe  it  to  contain 
oxygen.  A remarkable  difference  between  the 
fluoric  and  muriatic  acids  is  that  the  latter  is 
incapable  of  becoming  oxygenated  : it  will 
neither  unite  with  oxygen  in  the  ftate  of  gas 
nor  when  digefted  with  manganefe.  Fluoric 
acid  combines  with  the  alkalies  and  alkaline 
earths,  with  alumine  and  filex,  and  with  the 
metallic  oxyds  ; the  metals  in  a reguline  ftate 
appear  to  have  no  affinity  for  dry  fluoric  acid, 
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but  when  liquid  it  will  diffolve  iron,  zinc,  cop- 
per, and  arfenic,  hydrogen  being  at  the  fame 
time  difengaged.  The  order  of  its  affinities  is 
as  follows,  lime,  barytes,  ftrontian,  magnefia, 
potafh,  foda,  ammonia,  alumine,  and  filex. 

The  only  ufe  to  which  fluoric  acid  has  been 
applied  is  engraving  on  glafs.  It  appears  from 
Beckman  that  this  was  firft  pra&ifed  by  an 
artift  of  Nuremburg,  in  the  year  1670,  who 
prepared  his  etching  liquor  by  digefting  to- 
gether nitrous  acid  and  finely  powdered  fluor 
fpar,  for  feveral  hours  on  a warm  fand-bath, 
and  then  ufing  the  clear  liquor  as  aquafortis  is 
employed  by  the  copper-plate  engravers.  But 
the  knowledge  and  application  of  this  liquor 
was  confined  to  a few  German  artifts,  till,  after 
the  difeoveries  of  Scheele  and  Prieftley,  the 
fluoric  acid  in  a purer  ftate  was  ufed  for  the 
fame  purpofe  by  various  ingenious  artifts  in 
England  and  France.  Puymaurin  found  the 
liquid  acid  prepared  in  leaden  veflels  according 
to  Scheele’s  procefs  to  anfwer  very  well  for 
this  purpofe  in  warm  weather,  but  by  cold,  its 
activity  is  fo  much  impaired  as  to  produce  little 
effect  even  in  three  or  four  days.  The  gafleous 
acid  however  is  much  more  efficacious,  and 
being  at  the  fame  time  fufficiently  manageable 
with  proper  care,  merits  the  preference.  To 
engrave  on  glafs,  feledl  a piece  of  plate-glafs  of 
the  requifite  fize,  cover  it  with  hard  engraver’s 
wax,  and  with  a needle  or  other  fuitable  inftru- 
ment  trace  the  intended  defign  as  in  common 
etching,  obferving  that  every  ftroke  pafles  quite 
through  the  wax  to  the  furface  of  the  glafs  ; 
which  may  be  afeertained  by  placing  the  plate 
on  a Hoping  frame  like  a portable  reading  defle, 
in  which  fituation  the  light  will  fliine  through 
wherever  the  wax  is  removed.  When  the  etch- 
ing is  compleated,  lay  the  plate  with  the  en- 
graved fide  downwards  on  a frame,  in  a box 
lined  with  ftrong  fheet  lead  or  thick  tin  foil, 
and  place  on  the  bottom  of  the  box  a few  leaden 
cups  containing  a mixture  of  one  part  of  very 
finely  pulverized  fluor  fpar  and  two  parts  of 
fulphuric  acid  : then  clofe  the  lid  of  the  box, 
and  place  it  on  a ftove,  or  in  any  other  conve- 
nient fituation  where  it  may  be  expofed  to  as 
high  a heat  as  it  can  bear  without  rilking 
the  melting  of  the  wax  : fluoric  acid  gas  will 
be  copioufly  difengaged,  and  in  a fhort  time 
(from  one  hour  to  three,  according  to  circum- 
ftances),  the  plate  will  be  found  fufficiently 
corroded . 

Fluats. 

The  compound  falts  formed  by  the  union  of 
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fluoric  acid  with  the  various  falifiable  bafes  are 
denominated  fluats,  in  the  new  nomenclature. 
Our  knowledge  of  this  genus  of  falts  is  as  yet 
very  imperfect,  both  becaufe  few  experiments 
have  been  made  on  the  fubjcdf,  and  becaufe  the 
acid  employed  has  never  been  pure,  but  always 
more  or  lefs  combined  with  filex,  by  which  its 
efFe£t  in  many  cafes  is  very  materially  modified. 
The  fluats  are  all  decompofable  in  the  moifl 
way  by  fulphuric  acid,  and  at  a red  heat  by 
phofphoric  and  probably  boracic  acid. 

Fluat  of  Potash. 

Cauftic  potafh  even  when  melted  with  fluor- 
fpar  in  the  proportion  of  four  parts  of  the  former 
to  one  of  the  latter  is  incapable  of  attracting  from 
the  lime  any  portion  of  fluoric  acid ; but  if  a 
folution  of  carbonated  potafh  is  fubftituted  for 
the  pure  alkali  a decompofition  is  effected  with- 
out much  difficulty,  fluat  of  potafh,  with  excefs 
of  bafe  being  held  in  folution,  and  a precipitate 
of  carbonated  lime  remaining  at  the  bottom  of 
the  veffel.  The  liquor  being  evaporated  yields 
a faline  mafs  which  remains  unchanged  in  the 
air.c  Fluat  of  potafh  may  alfo  be  prepared  by 
adding  pure  potafh  to  the  liquid  acid,  and  the 
refult  is  a gelatinous  uncryftallizable  mafs, 
almofl  taftelefs,  and  deliquefcent  in  the  air : 
this  particular  combination  has  not  been  ana- 
lyzed, but  in  all  probability  contains  filex.  A 
fluat  of  potafh,  ftill  more  charged  with  earth,  is 
obtained  by  adding  to  the  gelatinous  acid  liquor 
produced  by  the  preparation  of  fluoric  acid  in 
glafs  veflels  fome  pure  or  carbonated  potafh  : a 
precipitate  is  immediately  thrown  down,  which 
when  dry,  feparates  into  minute  white  grains. 
This  fubftance  has  an  acid  tafte,  and  is  loluble 
in  150  parts  of  boiling  water,  from  which  it  is 
again  in  part  depofited  as  the  liquor  cools. 
When  melted,  the  filex  and  alkali  run  into  a 
glafs,  and  the  acid  is  volatilized  ; it  is  not  pro- 
bable however  that  the  whole  of  the  acid  is  thus 
driven  off  except  the  experiment  is  performed  in 
an  earthen  crucible.  Lime  water  or  muriat  of 
lime  being  added  to  the  folution  of  filicated 
fluat  of  potafh,  feparates  nearly  the  whole  of 
the  alkali  and  caufes  a precipitate  of  filicated 
fluat  of  lime : a fimilar  effeft  is  produced  by 
fulphat  of  magnefia. 

Fluat  of  Soda. 

This  fait  may  be  prepared  in  the  fame  manner 
as  the  preceding  by  fubflituting  foda  and  carbo- 
nat  of  foda  in  the  place  of  potafh  and  its  carbo- 
nat.  Fluat  of  foda  cryftallizes  in  fmall  rectan- 
gular figures  : it  has  a bitter  and  fomewhat 
ftyptic  flavour;  it  is  permanent  in  the  air,  is 
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little  foluble  in  water,  and  may  bo  obtained  in 
cryftals  by  fpontaneous  evaporation.  It  decre- 
pitates when  fuddenly  heated  and  then  melts 
without  lofing  its  acid  into  a femi-tranfparent 
vitreous  mafs.  Fluoric  acid  will  take  up  both 
foda  and  filex  at  the  fame  time,  and  the  refult 
is  a fait  which  as  far  as  it  has  been  examined 
is  analogous  to  filicated  fluat  of  potafh. 

Fluat  of  Ammonia. 

This  fait  may  be  obtained  in  a fo'lid  flate  by 
adding  one  part  of  finely-pulverized  fluor-fpar 
to  two  parts  of  fulphat  of  ammonia,  and  heating 
the  mixture  in  a fubliming  apparatus ; a little 
ammoniacal  gas  is  firft  liberated  and  then  the 
fluat  of  ammonia  rifes  and  by  degrees  forms  a 
cruft  on  the  infide  of  the  capital,  fulphat  of 
lime  being  left  behind.  The  fame  fait  may  be 
procured  by  faturating  common  fluoric  acid 
with  cauftic  or  carbonated  ammonia : a gelati- 
nous precipitate  of  filex  is  firft  depofited,  and 
the  clear  liquor  by  flow  evaporation  fhoots  into 
minute  tranfparent  cryftals.  Thefe  cryftals 
when  expofed  to  heat  in  clofe  veflels  are  in 
part  decompofed ; ammonia  is  firft  given  out 
and  then  there  rifes  an  acidulous  fluat  of  am- 
monia. Liquid  fluat  of  ammonia  is  decompofed 
at  a very  gentle  heat  by  chalk,  producing  car- 
bonat  of  ammonia  and  fluat  of  lime.  Lime- 
water  alfo  produces  a regenerated  fluat  of  lime, 
and  the  fame  effect  takes  place  with  muriat  and 
nitrat  of  lime.  Sulphat  of  magnefia  is  alfo 
decompofed  by  this  fait ; fluat  of  magnefia  being 
precipitated. 

Fluat  of  Lime. 

We  have  already  amply  treated  of  the  native 
fluat  of  lime,  or  fluor  fpar,  in  the  preceding 
article ; it  remains  therefore  only  to  mention 
the  little  that  is  known  of  this  fait  artificially 
prepared.  The  affinity  of  lime  for  fluoric  acid  is 
ftronger  than  that  of  any  other  bafe  for  the  fame 
acid ; hence  it  may  be  prepared  by  adding 
lime-water  or  a folution  of  any  calcareous  fait 
to  any  other  of  the  fluats,  except  perhaps  fluat 
of  magnefia ; but  the  pureft  regenerated  fluor 
is  prepared  by  adding  together  fluat  of  ammo- 
nia to  nitrat  of  lime ; the  fluat  of  lime  falls  to 
the  bottom,  and  when  properly  edulcorated  is 
in  all  probability  entirely  pure.  This  fait  ap- 
pears to  be  infoluble  in  water,  but  is  readily 
taken  up  by  liquid  fluoric  acid.  It  is  phofpho- 
refcent  when  laid  on  a hot  iron  as  native  fluor 
is,  and  in  like  manner  lofes  this  quality  by  being 
ignited.  It  is  infipid,  unalterable  by  expofure 
to  the  air,  and  at  510  Wedgw.  melts  into  a 
colourlefs  tranfparent  glafs.  It  is  decompofable 
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by  fulphuric  acid  and  in  part  by  the  muriatic 
and  nitric,  and  by  the  carbonats  of  potalh  and 
foda  and  moft  of  the  phofphats. 

Fluat  of  Barytes. 

All  that  is  known  of  this  fait  may  be  related 
in  a very  few  words.  It  is  prepared  by  adding 
fluoric  acid,  or  Hill  better  an  alkaline  fluat,  to 
nitrat  or  muriat  of  barytes ; fluat  of  barytes  is 
precipitated  in  a pulverulent  form.  This  earthy 
fait  is  fparingly  foluble  in  water,  and  is  decom- 
pofed  by  lime-water,  and  by  fulphuric  acid, 
the  former  attracting  its  acid  and  the  latter  its 
bafe. 

Fluat  of  Magnesia. 

Carbonat  of  magnefia  being  added  to  fluoric 
acid,  the  carbonic  acid  is  given  out  with  effer- 
vefcence  and  the  magnefia  diflolves.  When  the 
liquor  approaches  nearly  to  faturation  the  greater 
part  of  the  fluat  of  magnefia,  mixed  alfo  in  all 
probability  with  filex,  falls  down  in  a femi-gela- 
tinous  ftate.  The  fupernatant  liquor  by  gentle 
evaporation  depofits  fmall  trahfparent  hexagonal 
prifms  terminated  by  trihedral  pyramids.  Thefe 
cryftals  are  fcarcely  at  all  foluble  in  water,  but 
are  fomewhat  more  fo  in  alcohol : they  are  not 
decompofed  by  heat,  nor,  according  to  Berg- 
man, by  any  acid. 

Fluat  of  Alumine. 

Earth  of  alum  is  foluble  in  fluoric  acid,  and 
the  compound  by  evaporation  aflumes  a gela- 
tinous confidence,  but  does  not  cryftallize.  It 
is  fweet  and  aftringent  to  the  tafte,  and  always 
contains  an  excefs  of  acid.  It  is  not  however 
a fimple  fluat  of  alumine  but  contains  befides, 
potalh,  and  perhaps  fome  filex.  Fluoric  acid 
may  in  like  manner  be  made  to  unite  with  alu- 
mine and  foda,  and  this  combination  is  capable 
of  afluming  a cryftalline  form.  It  has  even  been 
found  native,  and  has  already  been  defcribed 
under  its  mineralogical  appellation  Cryolite. 

Fluat  of  Silex. 

When  fluoric  acid  is  prepared  by  the  ufual 
procefs  in  glafs  veflels,  it  diflolves  a portion  both 
of  the  earth  and  alkali  of  which  they  are  formed, 
and  produces  a gelatinous  fluid  which  may  be 
confidered  as  an  acidulous  fluat  of  filex  and 
alkali.  If  this  liquor  is  kept  for  a confiderable 
time  in  a glafs  veflel  not  entirely  clofed,  it 
depofits  fmall  tranfparent  fhining  cryftals  : thefe 
are  partly  foluble  in  the  fixed  alkalies,  and  give 
out  fluoric  acid  by  mere  heat,  or  by  any  of  the 
ftrong  mineral  acids.  Not  only  glafs  but  fel- 
fpar,  and  probably  all  minerals  that  contain  filex 
and  potalh,  are  very  eafily  added  on  by  fluoric 
acid  in  a gafieous  ftate,  but  the  fofteft  of  the 
filiceous  ftones  that  contain  no  alkali,  fuch  as 


opal,  are  attacked  by  it  with  much  greater 
difficulty.  The  properties  of  pure  fluat  of  filex 
have  not  yet  been  examined. 

FLUOR  VOLA1ILE  ALKALI,  a term  For 
cauftic  liquid  ammonia,  now  difufed. 

FLUX.  Flufs,  Germ. 

A flux  in  chemiftry  means  any  fubftance 
which  is  added  to  another  in  order  to  affift  its 
fufion  when  heat  is  applied.  Thus  alkali  is  a 
flux  for  flint,  as,  when  mixed  with  it  in  due 
proportion  and  heated,  it  caufes  it  to  melt  into 
the  compound  called  glafs. 

The  term  flux  is  almoft  exclufively  applied  in 
chemiftry  to  thofe  fubftances,  often  faline  mix- 
tures, that  are  added  to  minerals  or  metallic  ores 
to  affift  in  the  procefs  of  reduction.  The  gene- 
ral ufe  of  reducing  fluxes,  their  advantages  and 
inconveniences,  are  detailed  in  the  defcription 
of  the  aflay  of  the  ores  of  Copper,  to  which 
we  (hall  refer  the  reader,  and  alfo  to  the  me- 
thods of  aflay  in  the  dry  way  of  the  ores  of  the 
other  metals,  particularly  of  Iron. 

The  White  Flux  is  made  Amply  by  mixing 
equal  parts  of  tartar  or  cream  of  tartar  and  nitre 
and  deflagrating  them  in  a clean  crucible.  The 
nitrous  acid  burns  the  carbonaceous  part  of  the 
tartar,  and  the  mixed  alkalies  of  the  nitre  and 
tartar  alone  remain.  This  flux  is  therefore  little 
elfe  than  a pure  fubcarbonat  of  potalh. 

The  Crude  Flux  is  the  former  mixture  before 
deflagration. 

The  Black  Flux  is  the  moft  commonly  em- 
ployed of  all  the  faline  reducing  fluxes.  It  is 
made  by  deflagrating  in  a large  crucible  a mix- 
ture of  one  part  of  nitre  with  two  of  tartar, 
and  differs  from  the  former  in  containing  be- 
fides carbonat  of  potalh  a quantity  of  charcoal 
of  the  tartar,  which  there  has  not  been  nitre 
enough  to  confume.  It  therefore  both  aflifts 
in  the  fufion  of  ores  by  its  alkaline  ingredient 
and  difoxygenates  and  reduces  them  to  the 
metallic  ftate  by  means  of  its  carbon. 

In  making  this  flux,  the  materials,  previoufly 
well  mixed,  fhould  be  thrown  by  fmall  quan- 
tities into  a red-hot  crucible,  and  loofoly  covered 
after  each  proje&ion,  and  as  foon  as  the  laft 
portion  is  deflagrated  it  fhould  be  removed  from 
the  fire  and  kept  in  well-clofed  bottles  to  pre- 
vent the  deliquefcence  of  the  alkali. 

FORMIC  ACID  or  ACID  OF  ANTS. 
Atneifenfaure,  Germ. 

The  exiftence  of  an  acid  in  thefe  infecfts  was 
proved  by  unequivocal  figns  long  before  its 
exa£t  nature  was  underftood.  If  an  ant-hill, 
efpecialiy  of  the  fmall  red  fpecies  be  turned  up 
or  in  any  way  difturbed  fo  as  to  irritate  the 
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infers,  a very  pungent  acid  vapour  is  perceived, 
which  excites  coughing,  brings  tears  in  the  eyes, 
and  in  great  intenfity  almoit  fufFocates.  If  a 
piece  of  paper  ftained  with  litmus  is  held  in 
this  vapour  it  very  fpeedily  reddens  as  in  any 
other  acid  vapour.  Ants  feem  alfo  conftantly 
to  exhale  an  acid  whether  irritated  or  not,  fo 
that  the  fame  changes  produced  on  flowers  and 
leaves  by  the  known  acids,  take  place  when 
they  are  laid  in  the  track  of  thefe  infetts,  and  it 
is  conjettured  that  a part  of  the  irritation  caufed 
by  their  bite  is  owing  to  the  infertion  of  a 
portion  of  their  native  acid. 

Margraaf 1 was  the  firft  who  procured  the 
acid  in  fubftance  by  diftillation  of  thefe  infetts, 
and  the  valuable  refearches  of  Arvidfon,  b 
Bucholz,  Deyeux,c  and  Fourcroy  and  Vauquelin 
have  thrown  further  light  on  the  nature  of  this 
lingular  animal  produtt. 

Margraaf  extratted  the  acid  in  the  following 
way : a quantity  of  thefe  infetts  colletted  in 
May  and  June  was  put  into  a large  retort, 
water  being  poured  upon  them,  the  whole 
was  diftilled  with  a fire  flowly  encreafed  to 
boiling.  This  procefs,  continued  till  the  pro- 
dutt came  over  coloured,  afforded  an  acid 
liquor  on  which  a quantity  of  oil  was  floating, 
which  became  of  a fuetty  confiftence  when 
cold.  To  feparate  all  the  acid,  the  refidue  in 
the  retort  was  preffed  and  the  acid  liquor  mixed 
with  the  acidulous  water  in  the  receiver,  fepa- 
rated  from  the  oil,  and  rediftillcd  with  care. 
The  firfl  portion,  which  was  fcarcely  acid,  was 
rejetted,  after  which  the  diftilled  liquor  was 
colletted  as  long  as  it  was  free  from  empyreuma. 
This  is  the  formic  acid  in  confiderable  purity, 
but  the  dark  and  fouled  refidue  in  the  retort 
ftill  contains  much  of  the  acid,  which  may  be 
feparated  by  diftillation  in  a water  bath,  if 
thought  proper. 

A more  concentrated  acid  may  be  prepared 
in  the  way  ufed  by  Arvidfon.  Collett  a num- 
ber of  ants  by  laying  a clean  flick  on  an  ant-hill 
repeatedly,  and  fcraping  them  off  into  an  alem- 
bic full  of  cold  water.  When  this  is  quite  full 
pour  off  the  water  (the  ufe  of  which  is  to  kill 
and  wafh  the  infetts)  and  diftil  with  a gentle 
heat  till  the  liquor  begins  to  flow  foul  and  oily. 
Or  the  ants  previoufly  killed  by  water  may  be 
tied  in  a linen  bag  immerfed  in  boiling  water 
and  repeatedly  preffed  till  all  the  acid  is  ex- 
tratted,  which  may  then  be  purified  by  diftil- 
lation. In  any  of  thefe  methods  ants  will  yield 
nearly  half  their  weight  of  an  acid,  which  has  a 


very  fharp  four  acrid  tafte,  and  when  purified 
by  Ample  diftillation  is  of  about  1.0075  fpecific 
gravity.  By  repeated  rettification  it  may  be 
brought  to  about  1.04.53. 

A full  enumeration  of  its  properties  and 
combinations  is  needlefs  in  this  place,  as  it  is 
found  to  be  compofed  of  the  acetic  acid,  but 
mixed  with  a fmall  portion  of  another  acid, 
which  appears  to  be  the  malic,  holding  in  folu- 
tion  a certain  and  infeparable  quantity  of  acrid 
volatile  oily  matter,  or  fomething  of  the  kind, 
which  gives  the  peculiar  tafte  and  fmell  that 
diftinguifh  this  acid  from  a Ample  mixture  of 
the  acids  of  which  it  appears  to  be  compofed. 

A Angular  way  of  preparing  the  formiated 
alkalies  in  fmall  quantity,  is  to  lay  cloths  wetted 
in  the  alkali  over  the  ant-hills  and  paths  of  thefe 
infetts.  After  a time  the  alkali  becomes  fatu- 
rated  with  the  acid  excretions  of  the  animal, 
and  the  neutral  fait  thus  formed  may  be  ex- 
tratted  by  lixiviation. 

The  analytical  experiments  of  Fourcroy  and 
Vauquelin  d on  this  acid  may  be  added,  as  they 
prove  its  compound  nature,  and  are  important. 

A quantity  of  ants  was  colletted,  cleaned 
and  killed  with  cold  water  and  bruifed  in  a 
marble  mortar,  during  which  they  exhaled  a 
very  {harp  pungent  odour  like  that  of  radical 
vinegar.  They  were  then  macerated  for  feveral 
days  in  alcohol,  which  became  of  a yellow  co- 
lour. This  alcoholic  infufion  was  then  diftilled 
and  gave  an  acid  inflammable  liquor.  The  refi- 
due in  the  retort  was  a very  acid  liquor  mixed 
with  a red  extratt,  from  which  it  was  feparated 
by  the  filter.  The  acid  was  then  faturated  with 
lime,  and  gave  a brown  thick  naufeous  liquor. 

This  formiat  of  lime  had  the  following  pro- 
perties : mixed  with  fulphuric  acid  it  exhaled  a 
ftrong  odour  of  vinegar  : with  nitrat  of  lead,  gave 
a copious  white  precipitate  ; and  with  nitrat  of 
filver,  a yellowilh  precipitate.  The  mixture  of 
formiat  of  lime  and  fulphuric  acid  being  diluted 
and  diftilled  yielded  a clear,  very  acid,  empy- 
reumatic  liquor,  which  now  gave  no  precipitate 
with  the  falts  of  lead,  and  when  combined  with 
potafti  gave  cryftallized  acetite  of  potalh  ; with 
fulphuric  acid  gave  radical  vinegar  j and  with 
nitrat  of  mercury  gave  a flaky  precipitate  of 
acetite  of  mercury.  The  acid  liquor  therefore 
obtained  from  the  formiat  of  lime  by  diftillation 
with  fulphuric  acid,  was  fully  afcertained  to  be 
the  acetic  acid  mixed  with  fome  animal  matter 
that  gave  the  acid  empyreuma. 

But  the  formiat  of  lime  alfo  gave  a copious 
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precipitate  with  nitrat  of  lead,  which  pure 
acetite  of  lime  will  not  do,  and  as  this  decom- 
pofition  of  the  falts  of  lead  was  not  found  to  be 
afreCled  by  the  diJHlled  acid  above  mentioned, 
it  follows  that  this  other  acid  is  one  that  is  fixed 
in  a moderate  heat,  or  elfe  is  fo  altered  by  the 
adion  of  heat  and  fulphuric  acid  as  no  longer 
to  retain  its  proper  character.  As  it  could  not 
be  examined  with  any  convenience  in  the  refidue 
of  the  fulphuric  acid  and  formiat  of  lime,  on 
account  of  the  embarraffment  which  the  pre- 
fence of  fulphuric  acid  itfelf  would  produce,  a 
large  portion  of  the  formiat  of  lime  was  mixed 
with  nitrat  of  lead,  and  the  white  precipitate 
thus  produced  was  feparately  colleded  and 
examined.  It  therefore  confiited  of  oxyd  of 
lead  combined  with  the  unknown  acid,  which, 
by  further  examination,  was  found  to  exhibit 
all  the  characters  of  the  Malic. 

The  quantity  of  acid  contained  in  thefe  in- 
feds  is  very  fuprizing,  and  far  exceeds  what  is 
found  in  any  other  known  part  of  the  animal 
creation.  It  is  obvioufly  not  a produEl  of  any 
chemical  procefs  ufed  for  the  extraction,  fince 
the  living  infeCt  abounds  with  acid,  and  produces 
the  known  effeCt  of  an  acid  on  every  thing  that 
it  touches. 

Formiats  are  falts  produced  by  the  combina- 
tion of  the  formic  acid  with  alkaline,  earthy,  or 
metallic  bafes.  From  what  has  preceded,  it 
wall  appear  that  the  formiats  are  very  intimate 
compounds  of  the  acetite  and  malat  of  the  bafe 
employed,  together  with  a portion  of  acrid  ani- 
mal matter,  the  nature  of  which  is  little  known. 
FRAUENEIS.  See  Gypsum. 

FREEZING. 

The  theory  and  principal  circumftances  at- 
tending congelation  having  been  detailed  under 
the  article  Caloric,  we  fhall  in  this  place 
merely  relate  fome  of  the  principal  means  em- 
ployed for  producing  artificial  cold , for  experi- 
mental and  economical  purpofes. 

The  prefervation  of  fnow  or  ice  during  the 
fummer  months  is  almoft  a neceflary  of  life  in 
hot  countries,  and  an  objeCl  of  ufeful  luxury  in 
temperate  climates.  The  conftruClion  of  ice- 
houfes  is  in  general  very  Ample,  often  indeed 
they  confift  of  nothing  more  than  deep  caves 
hollowed  out  in  the  coldeft  fide  of  mountains, 
and  filled  with  ice  or  fnow  rammed  down  with 
nluch  manual  labour.  Ice  may  generally  be 
preferved  during  "the  fummer,  if  the  place 
feleCled  be  cool  and  thoroughly  Iheltered  from 
the  dire£t  influence  of  the  fun,  if  the  ice  be 
kept  in  confiderable  mafs,  with  as  few  interftices 


as  poflible,  lined  with  flraw,  reeds,  or  any  loofe 
fubitance  of  the  kind,  which  is  a bad  conductor 
of  heat,  and  efpecially  if  it  be  kept  dry  both  by 
avoiding  external  moifture  and  by  giving  an  exit 
to  the  water  formed  by  . the  flow  liquefa&ion  of 
the  outer  part  of  the  mafs.  The  common  ice- 
houfes  are  ufually  placed  in  the  fliadiclt  and. 
cooleft  part  of  a wood,  and  confift  of  cave:; 
about  eight  or  ten  feet  in  depth,  lined  with 
mafonry,  unlefs  cut  out  of  a dry  rock,  finifhed 
at  the  bottom  in  the  form  of  a lugar  loaf,  and 
the  whole  lined  with  a confiderable  thicknefs 
of  thatch,  ftraw,  or  reeds.  The  ice  when 
thrown  in  is  broken  down  as  much  as  pofftble, 
that  it  may  lie  clofe,  and  when  filling,  water 
may  be  thrown  on  it,  which  by  freezing  will 
cement  the  whole  into  a hard  folid  mafs  pene- 
trable only  by  the  pickaxe.  When  filled  it  is 
covered  very  carefully  with  earth  and  thatch, 
leaving  only  a fmall  entrance  with  a door  at  each 
end  alfo  very  clofely  lined. 

The  fnow-caves  in  Italy  are  no  more  than 
deep  pits  dug  in  the  north  fide  of  a hill,  lined 
with  ftraw,  and  furnifhed  with  a fmall  tap-hole 
at  bottom  to  carry  off  the  water  formed  by 
melting.  The  fnow  is  rammed  very  hard, 
and  if  well  laid  up  will  keep  during  the  whole 
fummer. 

But  in  tropical  climates  far  diftant  from  high 
mountains,  as  neither  natural  fnow  nor  ice  can 
be  obtained,  recourfe  is  had  to  the  cold  generated 
by  evaporation  and  the  comparative  coolnefs  of 
the  air  a little  before  day-break,  to  manufacture 
ice  in  large  quantities,  and  thus  to  fupply  a molt 
grateful  luxury  at  a moderate  price.  Ice  is 
thus  fimply  manufactured  in  the  large  way  at 
Benares,  Allahabad,  and  Calcutta,  where  natu- 
ral ice  has  never  been  feen.a  On  a large  open 
plain  an  excavation  is  made  about  thirty  feet 
fquare  and  two  deep,  on  the  bottom  of  which, 
fugar-cane  or  maize  Items  are  evenly  ftrewed  to 
the  height  of  about  eight  inches.  On  this  bed 
are  fet  rows  of  fmall  lhallow  unglazed  earthen 
pans,  fo  porous  that  when  filled  with  water  the 
outfides  are  immediately  covered  with  a thick 
dew  oozing  through  them.  Towards  the  dulk 
of  the  evening,  the  pans  previoufly  fmeared 
with  butter,  are  filled  with  foft  water  generally 
boiled,  and  let  to  remain  there  during  the  night. 
In  the  morning  before  fun-rife  the  ice-makers 
attend  and  colled  from  each  pan  a cruft  of  ice 
more  or  lefs  thick  that  adheres  to  the  inner  fide, 
and  is  put  into  balkets  and  carried  without  lofs 
of  time  to  the  common  receptacle,  which  is  a 
deep  pit  in  a high  dry  fituation,  lined  firft  with 


* Barker  Phil.  Trans,  vol,  lxv,  and  Williams’s  ditto  vol.  lxxxiii. 


F R E 


FRE 


( 445  ) 


ftraw  and  then  with  old  blanketing,  where  it  is 
beaten  down  and  congeals  into  a folid  mafs. 
The  crop  of  ice  varies  extremely,  fometimes 
amounting  to  more  than  half  the  contents  of 
the  pan,  at  other  times  fcarcely  a pellicle. 
Clear  and  ferene  weather  is  the  moll  favourable 
for  its  production  whatever  be  the  fenfible  heat 
of  the  atmofphere.  The  cold  generated  by  the 
rapid  evaporation  round  every  part  of  the  pan 
is  the  caufe  of  this  congelation.  When  ufed 
for  the  table,  the  ice  is  either  added  to  the  li- 
quor to  be  cooled,  or  is  put  into  a large  vefl'el 
mixed  with  fait  or  nitre,  and  the  flierbet,  creams, 
and  the  like,  intended  to  be  frozen,  are  inclofed 
in  thin  filver  veflels  and  immerfed  in  the  mix- 
ture. In  this  way  ices  are  procured  for  the 
table,  when  the  heat  even  in  the  fhade  is  very 
commonly  above  ioo°. 

• At  the  ice  manufactory  at  Benares  about 
100,000  pans  are  reckoned  to  be  expofed  at 
a time,  and  the  bufinefs  of  filling  them  at  night 
and  gathering  the  ice  in  the  morning  employs 
about  300  men,  women,  and  children. 

It  is  neceflary  that  the  cane-ftalks  be  kept 
perfectly  dry,  if  by  accident  any  part  becomes 
wetted,  no  ice  will  form  in  the  pans  above. 

Mr.  Williams  found  the  temperature  of  the 
air  on  the  cane-ftalks  never  to  be  lower  than 
36°,  and  even  plenty  of  ice  would  form  in  the 
pans  when  it  was  as  high  as  40°.  What  is 
remarkable,  he  found  that  ice  was  belt  formed 
with  the  gentleft  winds,  at  which  time  a ther- 
mometer placed  on  the  ftraw  would  always 
ftand  about  4 degrees  lower  than  one  fixed  to  a 
pole  five  feet  higher,  but  in  ftrong  winds  no 
fuch  difference  was  obfervable,  and  then  no  ice 
was  formed. 

To  compare  the  effeCf  of  the  porofity  of 
thefe  veflels  in  lowering  the  temperature  of 
water  contained  in  them,  Mr.  W.  took  a new 
pot  and  one  in  which  by  long  ufe  the  pores  had 
been  nearly  flopped,  and  placed  them  in  a hot 
wefterly  wind  in  the  fhade,  where  the  heat  of  the 
air  was  ioo°.  On  expofure  for  four  hours  the 
water  in  the  old  pot  was  97,  and  that  in  the 
new  pot  was  only  68°. 

Many  other  inftances  of  artificial  cold  pro- 
duced by  evaporation  might  be  brought,  many 
of  which  are  detailed  under  the  article  Caloric. 

Another  mode  of  producing  cold  is  by  freez- 
ing mixtures,  or  faline  fubftances  of  various 
kinds,  which  during  their  liquefaClion  either  by 
folution  in  water  or  in  acids,  abforb  a vafl 
quantity  of  caloric  from  all  fubftances  in  con- 
tact with  them,  As  a general  rule  it  may  be 


obferved  that,  all  the  compound  falts  produce  a 
certain  degree  of  cold  during  folution,  and  this 
effect  is,  ceteris  paribus , the  greater  when  the 
falts  are  naturally  deliquefcent  and  contain  a 
large  quantity  of  water  of  cryftallization.  The 
cryftallized  alkalies  (that  is  the  pure  alkalies) 
alfo  generate  a moft  intenfe  cold,  as  alfo  do 
the  acids  when  mixed  with  water  already 
frozen. 

It  is  fomewhat  doubtful  whether  or  not  the 
cold  produced  thus  artificially  equals  the  greatefl 
degree  of  natural  cold  ever  obferved  in  any  part 
of  the  world.  Thefe  refearches  have  been  a 
good  deal  connected  with  the  attempts  to  freeze 
mercury,  partly  on  account  of  this  fluid  being 
the  commoneft  thermometrical  meafure  of  heat, 
and  partly  becaufe  its  real  congelation  was  long 
a matter  of  doubt  and  incredulity,  and  though 
now  a fa£l  fully  proved  and  not  difficult  to  be 
effeCted,  it  requires  an  extreme  intenfity  of  cold 
for  the  purpofe.  The  freezing  point  of  mercury 
is  found  to  be  about  — 39  or  — 40  Fahr.  and 
between  this  point  and  moderate  fummer  heat 
are  included  all  the  primary  diminutions  of 
temperature  produced  by  all  the  known  freezing 
mixtures,  or  thofe  that  occur  on  the  mixture  of 
the  freezing  materials  not  previoujly  cooled.  But 
by  two  or  three  combined  and  fucceffive  opera- 
tions, that  is,  by  employing  one  freezing  mix- 
ture to  cool  the  materials  for  the  next,  and  the 
latter  perhaps  for  a third,  a degree  of  concen- 
trated cold  has  been  generated  which  exceeds 
that  of  freezing  mercury  by  at  leaft  30  or  40 
degrees,  if  the  contraction  in  the  alcohol  ther- 
mometer (the  only  one  of  ufe  in  thefe  cafes) 
continues  fufficiently  uniform  in  its  loweft  de- 
grees, which  there  is  little  reafon  to  queftion. 
But  as  in  fome  parts  of  Siberia  and  of  the  North 
of  America,  mercury  has  been  known  to  freeze 
with  great  eafe  when  fimply  expofed  to  the  air 
for  a fhort  time,  it  is  ftill  uncertain  whether 
artificial  cold  produced  by  chemifts  in  ordinary 
atmofpheric  temperatures  has  ever  equalled  the 
natural  cold  of  thefe  climates,  in  which  how- 
ever man  has  exifted. 

Among  the  vaft  variety  of  freezing  mixtures' 
we  may  feleft  fome  of  the  moft  important  and 
the  earlieft  of  application,  and  particularly  refer 
the  reader  to  the  numerous  and  interefting  ex- 
periments of  Mr.  Walker  on  artificial  cold,b 
wrho  feemed  nearly  to  have  exhaufted  the  fubjeft 
till  the  difcovery  by  Lowitz  of  the  aftonifhing 
frigorific  effects  of  cryftallized  cauftic  potafh,. 
and  the  nearly  equal  powers  of  muriat  of  lime, 
which  will  be  prefently  noticed. 
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The  freezing  mixtures  may  be  with  conve-  perature,  and  thofe  that  require  the  ufe  of  water 
venience  claffed  (with  Mr.  Walker)  into  thofe  already  congealed  in  the  form  of  fnow  or  pow- 
in  which  faline  fubftances  are  mixed  with  each  dered  ice.  Thefe  in  a tabular  form  are  the 
■other  or  with  water,  that  is  at  a common  tem-  following : 


Cryjlallized  Salts  in  Powder. 

Muriated  ammonia  5 : and  nitre  5 

Muriated  ammonia  5 : nitre  5 : fulphated  foda  8 

Nitrated  ammonia  I. 

Nitrated  ammonia  1 : carbonated  foda  x. 
Sulphated  foda  3.  - - 

Sulphated  foda  6 : muriated  ammonia  4 : nitre  2. 
Sulphated  foda  6:  nitrated  ammonia  5. 
Phofphated  foda  9. 

Phofphated  foda  9 : nitrated  ammonia  6. 
Sulphated  foda  8 : - - 

Sulphated  foda  5 : - - - 


Liquor. 

Reduction  of  therm , 
from  co°  to 

with  water 

16 

- - 

— 1—  10 

ditto 

16 

- - 

4 

ditto 

I 

- - 

+ 4 

- - ditto 

I 

- - 

_ rj 

dilt  nitre  a. 

2 

_ 

— 3 

ditto 

4 

— 10 

ditto 

4 

- - 

— 14 

ditto 

4 

- - 

— 12 

ditto 

4 

- - 

— 21 

- muriat.  a. 

5 

_ 

0 

- dil.  fulph.  a. 

4 

- - 

+ 3 

In  the  above  mixtures  the  falts  to  produce 
their  fulleft  effe£l  fhould  be  recently  cryftallized, 
in  fine  powder,  and  containing  as  much  water 
of  cryftallation  as  polfible,  but  not  damp.  The 
mixture  fhould  be  made  in  a thin  metallic  (or 
where  the  acids  are  ufed)  a thin  glals  veflel, 
the  falts,  when  of  more  than  one  kind,  being 
fucceffively  added  to  the  liquor  in  the  order  in 
which  they  ftand  and  immediately  ftirred  to- 
gether. The  cold  continues  during  the  folution 
of  the  falts  and  generally  reaches  Its  greateft 
intenfity  almoft  immediately  on  mixture,  but 
with  fome  ounces  of  the  materials  it  continues 
very  intenfe  for  a confiderable  time,  and  the 
effedl  may  be  advantageoully  prolonged  by 
adding  after  a while  a little  more  of  the  pow- 
dered falts.  The  figures  in  the  table  exprefs 
the  parts  by  weight , but  where  water  is  the 
liquor  it  may  be  meafured , the  common  ounce 
meafure  being  fufficiently  accurate.  The  de- 
gree of  dilution  of  the  nitric  acid  is  two  parts 
by  weight  of  the  moft  concentrated  acid  diluted 
with  one  part  of  water,  and  the  dilute  fulphu- 
ric  acid  implies  equal  weights  of  the  flrong  acid 
and  water.  Thele  acids  fhould  be  previoufly 
mixed  with  water  that  the  heat  on  mixture  may 
have  efcaped.  All  the  above  materials  are 
taken  at  the  common  temperature  of  50°.  as 
this  is  as  high  as  well-water  ever  rites  to  in  the 
middle  of  fummer,  and  therefore  may  generally 
be  obtained  by  cooling  the  materials  therein. 
But  if  a higher  temperature  be  begun  with, 
a greater  proportion  of  the  fait  fhould  be  ufed. 
The  cold  produced  by  all  thefe  mixtures  is  found 
by  infpedfing  the  table  to  be  very  intenfe,  byt  it 
rriuft  be  remembered  that  it  cxpreffes  the  utmoft 
effect,  where  the  fubftance  immerfed  is  only  the 
fmall  bulb  of  a fine  thermometer,  and  therefore 


where  the  caloric  transferred  from  the  bulb  it- 
felf  to  the  freezing  mixture  is  too  fmall  materi- 
ally to  counteract  the  cooling  power. 

But  when  thefe  mixtures  are  ufed  as  the 
means  of  reducing  the  temperature  of  water  or 
other  fubftances  immerfed  in  them,  the  effect 
will  of  courfe  fall  greatly  fhort  of  the  degree 
here  indicated,  the  refrigeration  being  in  in- 
verfe  proportion  both  to  the  bulk  and  the  capa- 
city for  caloric  of  the  fubftance  immerfed.  The 
firft  of  thefe  mixtures,  that  is  muriated  ammonia, 
nitre,  and  water,  will  ferve  again  any  number 
of  times,  the  falts  being  recoverable  undecom- 
pofed  by  the  fimple  evaporation  of  the  water. 

The  above  being  the  frigorific  power  of  the 
feveral  mixtures  at  an  ordinary  temperature,  it 
is  obvious  that  their  effecft  will  be  augmented 
though  in  a decreafing  ratio  by  cooling  the  ma- 
terials of  one  mixture  by  previous  immerfion  in 
another.  In  this  way  Mr.  Walker  was  able  to 
congeal  mercury  without  ufing  a particle  of  ice 
or  fnow  by  mixing  nitro-fulphuric  acid  cooled 
to  — 30  with  fulphat  of  foda  alfo  cooled  to 
— 14.  This  produced  a cold  of  — 54  and  was 
fulficient  to  freeze  a fmall  quantity  of  mercury 
immerfed  in  it. 

Another  clafs  of  freezing  mixtures  and  by 
far  the  moft  powerful,  are  thofe  in  which  one 
of  the  materials  is  fnow  or  powdered  ice,  and 
the  other  either  an  acid  or  an  alkali  or  a neutral 
fait,  or  a mixture  of  fome  of  thefe.  The  two 
that  have  been  the  longeft  known  and  are  fami- 
liar to  all  chemifts  are  common  fait  and  fnow, 
and  nitrous  acid  and  fnow.  Fahrenheit  firft 
afcertained  that  when  equal  parts  of  fait  and 
fnow  are  mixed  together,  a cold  of  32  degrees 
below  the  water-freezing  point  of  his  thermo- 
meter is  produced,  which  lie’ was  led  to  affume 
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3S  the  zero  of  his  thermometer.  According  to 
Mr.  Walker  a double  proportion  of  fnow  pro- 
duces a cold  5 degrees  lower,  and  other  falts 

Muriat  of  foda  i. 

Muriat  of  foda  2 : muriat  of  ammonia  1. 

Muriat  of  foda  10  : Muriat  of  ammonia  5 : nitre 

Muriat  of  foda  5 : Nitrated  ammonia  5.  - 

and  muriat  of  lime  has  a ftill  greater  effect  as 
will  prefently  be  mentioned. 

The  above  mixtures  are  taken  at  any  common 
temperature. 

In  all  thefe  mixtures  with  fnow  the  latter  mufl 
be  newly  fallen,  dry,  light  and  uncomprefled. 

Nitrous  acid  and  fnow  is  another  molt  pow- 
erful freezing  mixture,  the  powers  of  which 
have  long  been  known,  and  were  reforted  to  in 
the  firft  attempts  to  freeze  mercury  by  artificial 
cold.  The  acid  fhould  be  either  the  fuming 
acid  undiluted  or  the  pale  concentrated  acid 
diluted  with  one  fifth  of  its  weight  of  water. 
The  neceffity  of  this  laft  was  difeovered  by  Mr. 
Cavendifh,  who  found  that  this  acid  cooled  to 
3 2°,  gave  out  a quantity  of  heat,  and  had  its  tem- 
perature raifed  by  the  firft  addition  of  fnow,  and 
when  again  cooled  to  3 2°  the  thermometer 
again  rofe  on  adding  more  fnow  till  about  one 
fifth  of  the  weight  was  added,  after  which  no 
further  interference  with  the  frigorific  effecl 
took  place. 

Nitrous  acid,  either  fuming  and  concentrated, 
or  pale  and  properly  diluted,  when  cooled  to 
+ 3 2°  added  to  frefh  fnow  at  the  fame  tempe- 
rature produces  an  inftant  cold  of  about  — 30°, 
and  a very  fudden  liquefadlion  of  the  fnow  as  if 
it  were  laid  on  a hot  iron.  The  beft  proportions 
feem  to  be  about  one  part  of  the  acid  to  two 
parts,  or  rather  lefs,  of  the  fnow.  This  is 
therefore  not  quite  fufficient  to  freeze  mercury 
in  one  operation,  but  if  the  acid  and  fnow  are 
previoufly  cooled  confiderably,  a fmall  portion 
of  this  metal  enclofed  in  a thin  glafs  bulb  will 
readily  congeal.  Thus  if  the  acid  and  fnow  are 
each  cooled  as  low  as  o.  or  even  a few  degrees 
higher  (which  a mixture  of  fait  and  fnow  will 
readily  eff  £1;  and  then  mixed,  a cold  of  about 
— 4 6 which  will  freeze  mercury,  will  be  gene- 
rated. The  fame  efFedt  will  take  place  accord- 
ing to  Walker  by  adding  fnow  at  -[-3  2°  to 
nitrous  acid  cooled  to  — 290  ; or  fnow  at~h25® 
to  nitrous  acid  at  — 20°  *,  or  fnow  at  -J-2o°  to 
nitrous  acid  at  — 120.  In  thefe  cafes  therefore 
the  acid  only  need  be  cooled,  the  given  tempe- 
ratures  of  the  fnow  occurring  naturally  every 


with  fnow  have  ftill  greater  powers  as  appear* 
by  the  following  table  : 


— 5 

— 12 

— .18 

— 25 

winter,  and  fometimes,  though  rarely,  a natural 
cold  is  felt  in  this  country  of  a few  degrees 
only  above  o.  at  which  time  a mixture  of 
nitrous  acid  and  fnow  at  that  temperature  will 
alone  give  a cold  to  freeze  mercury.  Ice  rubbed 
to  fine  powder  in  a temperature  below  -[-3  2* 
(to  prevent  its  getting  damp  by  thawing)  an- 
swers full  as  well  as  fnow,  and  hence  as  ice  may 
be  procured  at  any  time  mercury  may  be  here- 
by frozen  by  a fucceftion  of  cooling  operations 
even  in  the  midft  of  fummer. 

Sulphuric  acid,  diluted  with  its  own  weight 
of  water,  and  alfo  ftrong  muriatic  acid  added 
(each  being  at  320)  to  fnow,  produce  a cold 
of  very  great  intenfity,  though  fome  degrees 
lefs  than  the  nitric  acid. 

Two  other  moft  powerful  frigorific  mixtures 
have  been  difeovered  by  Profeflor  Lowitz, 
namely,  cauftic  potafh  and  fnow,  and  muriat  of 
lime  and  fnow. 

Potafh  in  its  common  ftate  is  prepared  by 
rendering  the  carbonat  cauftic  by  means  of  lime, 
and  evaporating  the  folution  of  alkali  firft  to 
drynefs  and  then  encreafing  the  heat  to  gentle 
fufion  of  the  alkali,  and  cooling  it  in  cylindrical 
moulds.  The  alkali  thus  prepared  is  feldom  free 
from  fome  lime,  and  alfo  is  totally  deprived  of  all 
water  of  cryftallization,  and  if  in  this  ftate  it  is 
mixfed  with  water  a confiderable  quantity  of  heat 
is  extricated,  fo  as  to  make  the  mixture  fenfibly 
warm  to  the  touch.  But  on  the  other  hand  if  the 
alkali  is  diffolved  by  alcohol  and  then  cryftal- 
lized  (in  the  manner  mentioned  under  the  article 
PotaJJj J in  this  ftate  Profeflor  Lowitz  found  that 
on  mixture  with  water  much  cold  was  gene- 
rated, and  with  fnow,  a greater  cold  was  pro- 
duced than  has  hitherto  been  effected  by  any 
known  combination.  Thefe  experiments  are 
curious. c Twelve  ounces  of  cryftallized  potafh 
added  to  as  much  water,  each  at  5 90  Fahr. 
funk  the  thermometer  immediately  to  339.  Four 
pounds  of  the  alkali  added  to  a pound  of  water 
at  330  gave  a cold  of  160.  With  fnow  the 
efFe£t  was  more  ftriking.  At  the  temperature 
of  1 90,  fix  ounces  of  potafh  with  as  much  fnow 
immediately  funk  the  thermometor  to  — 42. 50 
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•in  which  fix  ounces  of  mercury  congealed  in  a 
few  minutes.  The  fame  fucceeded  in  a room 
whofe  heat  was  590.  At  a natural  heat  of  30° 
the  fame  chemift  made  the  following  compara- 
tive experiments.  Cryftallized  potafh  gave  with 
inow  a cold  of  — 45,  fufed  potafh  deprived  of 
water  of  cryltallization,  gave  — 15°:  a very 
concentrated  folution  of  potafh  gave  — 28  : 
cauflic  foda,  — 15:  liquid  ammonia,  only-l-200: 
dilute  nitric  acid,  — 10  °:  ftrong  fuming  nitrous 
acid,  — 23  : ftrong  fulphuric  acid,  — 10  : mu- 
riatic acid,  29  : ftrong  acetic  acid,  — 17. 

Reflecting  on  the  fuperior  frigorific  powers 
■of  potafh  over  the  other  falts,  ProfefTor  Lowitz 
was  induced  to  aferibe  it  chiefly  to  its  great 
deliquefcence,  and  hence  made  a trial  of  the 
other  deliquefeent  falts,  and  particularly  muriat 
of  lime,  and  found  it  almolt  if  not  quite  to 
equal  the  cryftallized  potafh  in  this  refpedt,  and 
it  has  the  great  advantage  of  being  very  cheap, 
and  of  not  injuring  the  flcin  of  the  hands  by 
touching,  wdiich  can  hardly  be  avoided  upon 
ufing  the  potafh  whatever  precaution  be  taken. 

Muriat  of  lime  deferves  particular  attention 
as  being  the  cheapeft  and  moft  ufeful  frigorific 
material  hitherto  known,  and  of  extreme  energy, 
The  fait  is  often  to  be  had  at  a very  cheap  rate, 
being  a refid ue  (hitherto  ufelefs)  of  the  diftilla- 
tion  of  ammonia.  To  prepare  it,  the  faturated 
folution  fliould  be  evaporated  to  the  confiftence 
of  a fyrup  when  hot,  and  as  it  cools  nearly 
the  whole  will  congeal  into  a femi-tranfparent 
yellowdfh  mats.  This  well  dried  fliould  be  re- 
duced to  fine  powder  in  a dry  cold  air,  and 
kept  in  a bottle  very  carefully  clofed.  If  thefe 
precautions  are  not  taken,  the  fait  very  readily 
deliquefees,  and  is  then  unfit  for  frigorific  pur- 
pofes  till  again  evaporated  and  cryftallized. 
But  as  it  is  very  readily  prepared,  it  is  better  in 
moft  cafes  not  to  attempt  the  drying  and  pow- 
dering till  a little  before  it  is  to  be  ufed  •,  for 
when  long  kept  even  in  a moderate  temperature, 
fome  dampnefs  is  almoft  unavoidable. 

The  experiments  of  ProfefTor  Lowitz  fhew 
that  confiderable  cold  is  produced  by  different 
proportions  of  this  fait  and  water.  The  greateft 
diminution  of  temperature  obferved  was  34 
degrees,  which  was  produced  on  adding  15 
parts  of  muriat  of  lime  to  10  parts  of  water. 

"When  this  fait  and  fnow  or  powdered  ice  are 
mixed  together,  the  cold  produced  is  very  in- 
terne, as  will  be  feen  by  the  following  obfer- 
vations  of  the  fame  chemift. 

At  a natural  temperature  of  26°  fix  ounces  of 
fnow  were  mixed  fuccefllvely  with  the  following 
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proportions  of  the  muriat  dry  and  in  fine 
powder,  ounce. 

with  1 gave  — io°  of  cold 

2 - - — 24. 

3 - " — 36 

4 - - —44? 

8 - “ —55 

No  greater  cold  was  produced  with  any 
higher  proportion  of  the  muriat,  and  therefore 
the  beft  proportions  are  three  of  the  muriat  to  two 
of  fnow.  The  whole  quantity  fhould  be  mixed 
together  as  fpeedily  as  poflible,  and  the  fnow 
fhould  be  newly  fallen,  light,  quite  dry,  and  not 
confolidated  by  freezing  on  the  ground,  which 
would  render  it  hard  and  lumpy. 

Thefe  interefting  experiments  have  been  re- 
peated in  different  countries  and  with  uniform 
fucCefs,d  and  as  the  congealing  point  of  mercury 
is  about  — 39,  this  metal  may  readily  be  frozen 
at  the  common  temperature  of  our  frofts,  that 
is,  from  about  20’  to  320,  without  any  previous 
preparation,  Amply  by  mixing  together  the  mu- 
riat of  lime  and  lnow  or  dry  powdered  ice. 
Meffrs.  Fourcroy  and  Vauquelin,  on  mixing  8 
ounces  of  muriat  of  lime  with  6 ounces  of  fnow 
at  a natural  temperature  of  180,  reduced  the 
alcohol  thermometer  in  a few  feconds  to  — 64°, 
and  8 ounces  of  mercury  added  to  the  mixture 
inclofed  in  a thin  glafs  capfule,  congealed  in  a 
very  fhort  time  cryftallizing  in  odlohedrons. 

The  particulars  of  an  interefting  experiment 
made  by  Mr.  Pepys  e and  other  chemifts  in 
London,  deferve  notice  from  the  large  quantity 
of  mercury  frozen,  and  the  great  intenfity  to 
which  the  cold  was  carried,  and  the  proportions 
of  ingredients  employed  for  the  purpofe. 

The  temperature  of  the  laboratory  being  33° 
a mixture  of  2 pounds  of  muriat  of  lime  at  33, 
and  as  much  fnow  at  3 20  was  made,  and  fifty-fix 
pounds  of  mercury  tied  up  in  a ftrong  bladder 
was  firft  immerfed  in  it.  The  mixture  gave  at 
firft  a cold  of  — 42.  When  it  had  rifen  to 
-j-  5,  by  the  contadl  of  the  mercury  the  latter 
was  removed  to  another  mixture  in  every  refpedt 
fimilar  to  the  former  till  it  was  cooled  to  — 30. 
While  this  was  going  on  5 pounds  of  muriat  of 
lime  were  put  in  a japanned  iron  pail,  {landing 
in  an  earthen  pan  containing  four  pounds  of 
muriat  of  lime  and  as  much  fnow  (and  pre- 
vented from  touching  the  bottom  by  means  of 
corks)  by  which  the  muriat  in  the  pail  was 
cooled  to  — 15.  As  much  fnow  at  -j-  32°  was 
then  added  to  the  pail,  which  reduced  the  tem- 
perature therein  to  the  extreme  cold  of  — 62, 
and  the  mercury,  previoufly  cooled  :n  the  way 
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above  mentioned  to 30,  was  immerfed  in 

the  pail,  and  the  whole  covered  with  a cloth 
and  differed  to  remain.  In  an  hour  and  forty- 
minutes  the  whole  mercury  was  found  to  be 
folidified,  and  the  freezing  mixture  then  had 
rifen  from  — 62  to  — 46,  that  is,  1 6 degrees 
higher  than  when  the  mercury  was  put  into  it. 
The  mercury  was  then  cut  and  divided  in  various 
ways,  bent  with  pincers,  and  Ihewed  all  the 
marks  of  a malleable  metal  before  it  returned 
to  the  liquid  ftate. 

It  may  be  added,  that  if  merely  the  congela- 
tion of  mercury  is  wanted,  the  readied  way  is 
to  throw  a little  of  the  metal  loofe  in  a pretty 
large  mafs  of  the  freezing  materials,  where  it 
will  congeal  in  a few  minutes ; but  where  this 
experiment  is  performed  in  a room  with  a 
number  of  perfons  handing  round,  the  natural 
temperature  will  be  fo  much  raifed  that  the 
operator  can  hardly  depend  on  fuccefs,  without 
previoufly  cooling  the  muriat  by  a feparate 
mixture  of  the  fame  materials.  It  is  alfo  of 
great  importance  that  the  fnow  fhould  remain 
without  doors  till  the  moment  that  it  is  wanted, 
and  the  whole  of  the  muriat  diould  be  kept 
cold  by  immerfing  in  fnow  or  iced  water  the 
bottle  that  contains  it.  Great  caution  fhould 
be  ufed  in  touching  frozen  mercury.  It  gives 
an  immediate  fenfation  like  a wound  from  a 
rough-edged  indrument,  or  as  if  the  finger  was 
fqueezed  in  a vice,  and  the  mere  fenfation  can 
hardly  be  didinguifhed  from  the  burn  of  red-hot 
iron.  The  part  in  contact  immediately  becomes 
quite  white  and  numb,  and  there  is  no  doubt 
that  if  it  were  to  remain  a very  little  time  in 
contact  with  the  frozen  metal,  a local  gangrene 
like  that  of  a common  frod-bitten  limb,  would 
come  on.  It  is  removed  by  rubbing  the  part  a 
little  time  with  fnow. 

We  may  clofe  this  article  with  mentioning 
fome  mifcellaneous  fa£ts  obferved  on  the  effect 
of  a cold  of  — 40  or  upwards  on  various  bodies. 

Red  fuming  nitric  acid  congeals  into  a thick 
mafs  like  butter,  lofing  all  its  fuffocating  odour. 

The  fulphuric  and  acetic  acids  become  quite 
folid. 

The  drong  muriatic  acid  has  not  hitherto 
been  frozen  by  any  cold. 

Rectified  oil  of  turpentine  becomes  thick  and 
ropy  at  — 50°. 

Sulphuric  ether  fird  becomes  milky,  then  cry- 
ftallizes  with  the  lofs  of  all  its  odour. 

Liquid  ammonia  congeals  into  a thick  jelly 
like  the  liquor  filicum. 


None  of  the  gaffes  have  yet  been  reduced  to 
a folid  date  by  any  intenfity  of  cold. 

FRENCH  CHALK.  See  Steatite. 

FRENCH  BERRY.  See  Avignon  Berry. 

FRITT  is  a porous  fpongy  mafs  arifing  from 
partial  calcination  of  the  materials  of  glafs  in 
the  procefs  of  this  manufacture.  See  Glass. 

FUEL.  The  materials  ufed  as  fuel  in  che- 
mical precedes  are  chiefly  coal,  coke,  and  char- 
coal, each  of  which  has  its  appropriate  ufe,  and 
concerning  which  fome  particulars  will  be  men- 
tioned under  the  article  Furnace.  ( See  the 
Appendix.) 

FULLERS  EARTH.1  Walkererdet  Wern. 
Terre  a F onion , Broch. 

The  colour  of  this  mineral  is  greenifli-white, 
greenifh-grey,  olive  and  oil  green ; or  light  yel- 
lowifh  green,  and  yellowifli  grey  pading  into  pale 
ochre  yellow.  Its  colours  are  fometimes  dif- 
pofed  in  fpots  and  dripes.  It  occurs  only  in 
mafs ; and  is  without  ludre.  Its  fracture  is 
uneven  pading  into  large  conchoidal  and  flaty, 
or  fine  grained  earthy.  It  breaks  into  indeter- 
minate blunt  edged  or  flaty  fragments.  It  is 
opake,  diffidently  foft  to  be  fcratched  by  the 
nail,  and  brittle.  It  takes  a polifh  by  fridion, 
adheres  very  flightly  to  the  tongue,  and  is  unc- 
tuous to  the  touch.  It  is  moderately  heavy, 
but  its  fpecific  gravity  has  not  been  accurately 
afeertained. 

It  does  not  become  pladic  with  water,  but 
when  immerfed  in  this  fluid,  efpecially  when 
warm,  it  breaks  down  into  a fine  powder.  It  does 
not  edervefee  with  acids : before  the  blowpipe 
it  melts  into  a brown  fpongy  fcoria.  The  con- 
dituent  parts  of  the  Fuller’s  earth  of  Hampfliire, 
according  to  an  analyfis  by  Bergman,  are 
Silex  - - - 51.8 

Alumine  - - 25. 

Lime  - - - 3.3 

Magnefia  - - 0.7 

Oxyd  of  iron  - 3.7 

Water  - - - 15.5 


100.0 

There  appear  to  be  two  didined  formations 
of  Fullers’  earth,  or  rather,  two  diderent  mine- 
rals feem  to  be  confounded  under  the  fame 
name.  The  Fullers’  earth  of  Saxony  belongs 
to  the  primitive  rocks,  being  found  under  drata 
of  flaty  griindein,  and  pading  by  degrees  into 
this  very  mineral,  hence  it  confids  of  the  fame 
materials  either  originally  depofited  in  this  loofe 
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ftate  or  having  acquired  this  confidence  from 
decompofition.  The  Englifh  Fullers’  earth  on 
the  other  hand  is  always  found  in  beds  covered 
by  and  refting  upon  that  peculiar  and  hitherto 
undefcribed  fand-flone  formation  which  accom- 
panies and  ferves  as  the  foundation  to  chalk : 
its  colour  is  yellowifh  grey  with  a very  faint 
icarcely  perceptible  tinge  of  green.  It  is  found 
in  Hampfhire,  near  Woburn  in  Bedfordfhire, 
and  at  Nutfield  in  Surry  ; at  this  latter  place  it 
is  often  mixed  with  cryftallized  heavy  fpar  (ful- 
phated  barytes)  of  a yellowifh-grey  palling  into 
very  high  and  clear  wine  colour. 

Fullers’  earth  ufed  formerly  to  be  in  high 
requeft  among  the  Englifh  manufacturers  for 
clearing  woollen  cloth  from  the  oil  and  greafe 
which  it  acquires  during  the  procefs  of  manu- 
facture, and  its  exportation  was  forbidden  under 
the  fevered  penalties  : in  confequence  however 
of  the  general  fubditution  of  foap  for  this  pur- 
pofe  it  is  now  almod  wholly  difufed. 

FULMINATION.  This  term  differs  from 
detonation  only  in  degree : they  both  imply  a 
rapid  decompofition  accompanied  by  a loud 
noife  either  with  or  without  flame  ; but  in  thofe 
fubdances  which  have  obtained  the  name  of 
fulminating,  the  cxplofion  is  louder  than  in  thofe 
which  are  laid  to  detonate. 

FULMINATING  GOLD.  See  Gold. 
FULMINATING  MERCURY  of  Bayen. 

of  Howard. 

See  Mercury. 

FULMINATING  POWDER. 


This  fubdance  is  thus  prepared.  Take  three 
parts  of  nitre,  two  parts  of  purified  peavlalh 
(Kali  preparatum,  Lond.  Pharm.)  and  one  part 
of  flowers  of  fulphur,  mix  the  whole  very  ac- 
curately in  an  earthen  mortar  and  place  it  on  a 
tile  or  plate  before  the  fire  till  it  is  perfeCUy 
dry : then  transfer  it  while  hot  into  a ground 
ftoppered  bottle,  and  it  may  be  kept  without 
injury  for  any  length  of  time.  In  order  to  ex- 
perience its  effeCIs  pour  from  ten  to  forty  grains 
into  an  iron  ladle  and  place  it  over  a flow  fire : 
in  a Ihort  time  the  powder  becomes  brown  and 
acquires  a pady  confidence,  a blue  lambent 
flame  then  appears  on  the  furface,  and  an  inflant 
after  the  whole  explodes  with  a dunning  noife 
and  a flight  momentary  flafh.  If  the  mafs  is 
removed  from  the  fire  as  foon  as  it  is  fufed,  and 
kept  in  a dry  well  clofed  vial,  it  may  at  any 


time  be  exploded  by  a fpark,  in  which  cafe  it 
burns  like  gunpowder,  but  more  rapidly  and 
with  a greater  detonation,  but  this  effeCt  cannot 
be  produced  on  the  unmelted  powder  how  accu- 
rately ibever  the  ingredients  of  it  are  mingled 
together.  When  fulminating  powder  is  in  fufion, 
but  not  heated  to  the  degree  neceffary  to  pro- 
duce the  blue  flame,  a particle  of  ignited  char- 
coal thrown  upon  it  will  occafion  immediately 
a remarkably  loud  explofion.  a 

It  appears  that  the  ingredients  of  the  powder 
above  mentioned  do  not  acquire  their  fulmi- 
nating property  till  combined  together  by  fufion; 
that  is  till  the  potafh  and  fulphur  form  fulphuret 
of  potafh.  Hence  fulminating  powder  may  alfo 
be  made  by  mixing  fulphuret  of  potafh  with 
nitre,  inftead  of  adding  the  fulphur  and  alkali 
feparate. 

The  caufe  of  detonation,  that  is,  of  the  loud 
noife  by  which  it  is  characterized,  is  not  very 
well  underftood  : it  ufed  to  be  attributed  to  the 
fudden  formation  and  evolution  of  an  elaftic 
fluid,  but  it  is  remarkable  that  fome  of  the  molt 
terribly  detonating  fubftances,  as  fulminating 
filver,  produce  a very  fmall  quantity  of  gas  in 
proportion  to  the  violence  of  their  explofion, 
and  when  fired  in  the  chamber  of  a piftol,  pro- 
pel a ball  with  a very  trifling  velocity.  The 
projeCtile  force  of  an  explofive  compound  pro- 
bably depends  on  the  quantity  and  elafticity  of 
the  gas  produced,  as  gunpowder  is  fuperior  for 
this  purpofe  to  any  known  fubftance,  and  at  the 
fame  time  yields  the  largeft  proportion  of  gafeous 
fluids ; while  in  the  violence  of  its  report  an 
ounce  of  this  fubftance  inflamed  in  the  open 
air,  is  greatly  inferior  to  that  produced  by  even 
two  grains  of  fulminating  filver.  The  fphere 
within  which  detonating  bodies  aCt,  appears  to 
diminifh  in  proportion  to  the  increafed  violence 
of  their  explofion,  but  in  return,  the  force  ex- 
erted by  them  within  the  fphere  of  their  aCtion 
appears  to  be  proportionably  augmented. 

FULMINATING  SILVER.  See  Silver. 

FUNNEL.  7 Articles  of  chemical  appa- 

FURNACE.  3 ratus : for  an  account  of 
which  fee  the  Appendix. 

FUSIBLE  METAL.  See  Bismuth. 
FUSIBLE  SALT  OF  URINE.  See  Phos- 
phat  of  Soda  and  Ammonia. 

FUSTIC.  For  the  ufe  of  this  dyeing  drug 
fee  the  article  Dyeing,  p.  377. 


* Higgins’s  Minutes, p.  318, 
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GADOLINITE. a The  colour  of  this  mi- 
neral is  deep  greenifh-black.  When  pulverized 
it  becomes  of  a greyifh  green.  It  occurs  in  mafs, 
in  nodules,  or  coariely  diffeminated.  Externally 
it  is  rifty  and  glimmering,  and  is  often  covered 
with  a whitiffi  coating  j internally  it  is  fhining 
with  a vitreous  luftre.  Its  frafture  is  compact 
conchoidal,  paffing  fometimes  into  flaty  and  un- 
even. It  breaks  into  fharp  edged  indeterminately 
angular  fragments.  It  is  opake,  but  in  very  thin 
Ihivers  is  tranfparent  at  the  edges.  It  does  not 
give  fire  with  Heel,  though  it  is  too  hard  to  be 
fcratched  by  a common  knife.  Sp.  gi\  4.23. 
It  is  attractable  by  the  magnet,  and  when  mixed 
with  fluor  fpar  and  fufed  affords  a metallic  but- 
ton, amounting  to  about  8 per  cent,  alfo  at- 
tractable by  the  magnet.  When  ignited  it  be- 
comes of  a yellowiflr  brown  colour,  and  ex- 
hibits a flaty  texture,  and  lofes  about  1 per  cent, 
of  its  weight. 

The  above  is  Klaproth’s  defcription,  and  is 
taken  from  the  fpecimens  which  he  analyzed. 
The  gadolinite  defcribed  by  Hauy  and  Brochant, 
and  analyzed  by  Vauquelin  differs  from  the  pre- 
ceding in  the  following  particulars. 

Its  colour  is  pure  black  paffing  into  brownifh- 
black  j it  is  hard  enough  to  fcratch  quartz, 
though  flightly.  Sp.  gr.  4.04.  It  decrepitates 
before  the  blowpipe,  becomes  of  a reddifh- 
white  colour,  and  lofes  by  ignition  nearly  10  per 
cent. 

This  mineral  has  hitherto  been  found  only 
in  Sweden  ; at  Ytterby  in  Roflagen,  and  Kim  ill 
in  Finland,  forming  veins  in  a granitic  rock. 
It  was  firft  difcovered  by  Arrhenius,  and  de- 
fcribcd  in  Crell’s  Chemical  Annals  by  Geyer  in 
1788.  It  was  analyzed  by  Gadolin  in  1794, 
and  was  found  to  contain  a new  earth,  which 
has  been  called  from  the  place  whence  it  is  pro- 
cured, Yttria.  Ekeberg,  Vauquelin,  and  Klap- 
roth fucceffively  confirmed  the  difcovery  of 
Gadolin,  though  with  fome  modifications:  laftly, 
Ekeberg  made  a new  analyfis  of  this  mineral, 
differing  in  many  refpects  from  the  former 
one. 

Where  the  analyfes  of  a mineral  by  three 
fuch  able  chemifts  as  thefe  juft  mentioned  are 
found  to  differ  from  each  other  very  materially, 
it  is  an  interefting  employment,  and  one  of  fome 
importance  to  the  credibility  of  chemical  analy- 
fis  in  general,  to  endeavour  to  afcertain  the 
caufe  of  thefe  difcrepancies,  the  reader  therefore 


will,  we  truft,  excufe  us  for  treating  this  fubj e<St 
with  fome  minutenefs. 

The  firft  analyfis  of  this  mineral  is  that  made 
by  Profeffor  Gadolin,  by  which  he  found  its 
conftituent  parts  to  be 

Silex  - - - - 31 

Alumine  - - - 19 

Oxyd  of  iron  - - 12 

A new  earth  - - 38 

100 


This  analyfis  though  very  incorreft,  deferves 
to  be  quoted,  as  it  is  the  firft  that  was  made  of 
this  mineral,  and  as  it  eftablilhes  the  claim  of 
the  Swedilh  profeffor  to  the  difcovery  of  the 
new  earth,  now  called  Yttria.  It  is  unnecef- 
fary,  however,  to  enter  into  particulars,  as  the 
difficulties  of  the  analyfis  will  be  better  illuftrated 
by  an  examination  of  the  later  analyfes. 

Mr.  Ekeberg  of  Upfal  was  the  next  who  un- 
dertook an  enquiry  into  the  conftituent  parts  of 
this  mineral.  For  this  purpofe,  1.  The  levi- 
gated foffil  was  digefted  with  muriatic  acid  till 
every  thing  was  taken  up  except  the  filex  ; 2. 
The  folution  was  precipitated  by  cauftic  am- 
monia, and  the  precipitate  while  moift  was 
boiled  in  cauftic  potafli.  3.  The  alkaline  folu- 
tion was  fuperfaturated  by  nitric  acid,  and  then 
the  addition  of  carbonated  ammonia  threw 
down  the  alumine.  4.  That  portion  of  the  pre- 
cipitate, No.  2.  which  was  infoluble  in  potafli 
was  diffolved  in  fulphuric  acid,  and  after  being 
boiled  down  to  drynefs  was  ignited  till  it  ac- 
quired a brick-red  colour  from  the  decompofi- 
tion  of  the  fulphated  iron  : being  then  boiled 
with  water  it  left  behind  an  oxyd  of  iron  which 
was  further  edulcorated  on  the  filter.  5.  The 
water  of  No.  4.  being  {lowly  evaporated,  de- 
pofited  cryftals  of  fulphated  yttria,  and  thefe 
being  again  diffolved  in  water  the  addition  of 
carbonated  ammonia  occafioned  a depofition  of 
carbonat  of  yttria , from  which  when  well  wafhed 
the  pure  earth  was  obtained  by  ignition.  By 
this  mode  of  proceeding  Mr.  E.  obtained  from 
loo  parts  of  gadolinite 


Silex  - - - 

- 25. 

Oxyd  of  iron  - 

- 18. 

Alumine  - - 

- 4-3 

Yttria  - - - 

- 47 -5 

95.0 
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M.  Klaproth1*  having  undertaken  the  analyfis 
of  gadolinite,  began  by  the  following  prelimi- 
nary experiments,  i.  200  grains  of  this  mi- 
neral finely  pulverized  were  treated  with  mu- 
riatic acid,  which  diflolved  the  greateft  part  of 
it ; the  infoluble  refidue  was  49  grs.  of  filex. 

2.  The  muriatic  folution  being  evaporated  to 
drynefs  was  digefted  with  alcohol,  by  which  it 
was  totally  diflolved.  3.  To  the  alcoholic  fo- 
lution diluted  with  water  was  added  cauftic  am- 
monia, by  which  the  whole  of  the  earth  and 
metallic  oxyd  was  precipitated,  as  the  fuperna- 
tant  liquor  when  poured  ofF  was  not  affe&ed 
by  carbonat  of  potafh,  even  when  the  two  fluids 
were  boiled  together.  4.  The  precipitate  No. 

3.  was  diflolved  in  fulphuric  acid,  evaporated  to 
drynefs,  and  ignited  for  half  an  hour  ; being 
then  boiled  and  wafhed  in  water  76  grs.  of  red 
oxyd  of  iron  remained.  5.  The  watery  liquor 
was  colourlefs  and  fweet  to  the  tafte,  on  the  ad- 
dition of  carbonated  ammonia  a white  earth  fell 
down  which  was  rediflolved  by  an  excefs  of  the 
precipitant.  The  clear  folution  being  then 
heated  in  a retort  to  expel  the  excefs  of  am- 
monia, a copious  white  precipitate  was  depofited 
which  when  ftrongly  ignited  acquired  an  ifa- 
bella  yellow  colour,  and  weighed  80  grs. 
6.  The  oxyd  of  iron  No.  4.  was  divided  into 
two  equal  portions  ; one  half  being  mixed  with 
linfeed  oil  was  heated  in  a covered  crucible  and 
became  obedient  to  the  magnet,  but  being  a fe- 
cond  time  treated  with  fulphuric  acid  and  ignited, 
yielded  by  lixiviation  a frefh  portion  of  fulphat 
of  yttria.  7.  The  other  half  of  the  oxyd  was 
digefted  with  muriatic  acid,  and  precipitated 
with  cauftic  potafh  : a fmall  portion  of  the  pre- 
cipitate was  rediflolved  by  an  excefs  of  alkali, 
and  this  being  fuperfaturated  by  muriatic  acid, 
precipitated  by  carbonat  of  potafh  and  again 
diflolved  in  fulphuric  acid,  afforded  a few  cryf- 
tals  of  alum. 

Having  afcertained  thefe  preliminary  fa£fs, 
the  regular  analyfis  of  this  mineral  wras  con- 
ducted by  M.  Klaproth  in  the  following  man- 
ner. I.  Two  hundred  grains  of  pure  gadolinite 
in  feleCted  pieces  were  ignited  in  a covered  cru- 
cible : when  cooled  they  difplayed  a flaty  tex- 
ture, and  were  become  friable  ; their  colour 
was  changed  to  light  yellowifn  brown,  and  they 
had  loft  one  grain  of  weight.  2.  They  were 
then  finely  pulverized  and  digefted  in  nitro- 
muriatic  acid  till  the  whole  had  acquired  a 
gelatinous  confiftence,  and  appeared  to  be  de- 


compofed.  It  was  now  evaporated  to  a mo- 
derate drynefs,  and  again  digefted  with  hot 
water  flightly  acidulated  with  muriatic  acid : 
the  infoluble  part  when  wafhed  and  ignited 
weighed  42.5  grs.  and  was  pure  filex.  3.  The 
muriatic  folution  being  largely  diluted  with 
water  was  mixed  with  a little  foda,  and  thus 
perfeCHy  neutralized  ; fuccinate  of  foda  was 
then  added  till  no  further  precipitation  took 
place.  This  precipitate  weighed  62  grs.  and 
was  fuccinat  of  iron,  which  being  firft  ignited 
in  an  open  crucible,  and  then  heated  with  a 
little  linfeed  oil  in  a covered  crucible  afforded 
35  grs.  of  black  oxyd  of  iron  attraCt able  by  the 
magnet.  4.  The  folution  No.  3.  being  decom- 
pofed  at  a boiling  temperature  by  carbonated 
foda  produced  a white  precipitate,  weighing 
219  grs.  after  edulcoration  and  gentle  drying, 
but  when  expofed  to  a ftrong  red  heat  for  half 
an  hour,  yielded  12 1.5  grs.  of  a pale  grey  earth. 
This  earth  confifted  of  yttria,  mixed  with  a 
fmall  portion  of  alumine , the  amount  of  the 
latter  of  which  was  eftimated  in  the  following 
way.  5.  A hundred  grains  of  gadolinite  being 
decompofed  by  nitro-muriatic  acid  in  the  man- 
ner juft  mentioned,  and  the  filex  being  fepa- 
rated,  the  folution  was  precipitated  with  cauftic 
ammonia ; and  the  precipitate  when  wafhed 
was  introduced  while  yet  moift  into  a folution 
of  cauftic  foda.  After  boiling  for  a time  the 
liquor  was  poured  off  from  the  infoluble  part, 
and  being  firft  neutralized  by  fulphuric  acid 
carbonat  of  foda  was  mixed  with  it,  and  the 
whole  was  boiled.  By  this  method  a white 
precipitate  was  obtained  weighing  6 grs.  after 
ignition.  This  being  again  diflolved  in  mu- 
riatic acid,  and  faturated  to  excefs  with  car- 
bonat of  ammonia,  left  a very  fmall  portion 
undiffolved  : this  infoluble  portion  being  trans- 
ferred to  fulphuric  acid  was  taken  up  by  it,  and 
yielded  with  a little  potafh  about  5 grs.  of 
alum,  indicating  half  a grain  of  alumine,  or  one 
grain  in  200  grs.  of  the  entire  mineral.  There- 
fore 100  parts  of  gadolinite  contain 
Silex  - - - 21.25 

Oxyd  of  iron  - 17.5 

Yttria  - - - 60.25 

Alumine  - - 0.5 

Water  - - - 0.5 


100.00 

Vauquelin’s  analyfis  of  this  mineral*  con- 
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tains  the  following  particulars.  One  hundred 
grains  of  gadolinite  being  ignited  in  a platina 
crucible  lofe  about  eight  grains,  and  the  colour 
of  the  fubftance  becomes  of  an  ochery  yellow  : 
but  as  during  this  procefs  the  iron  has  become 
oxydated  the  real  lofs  of  weight  exceeds  the 
eight  grains  by  the  amount  of  the  oxygen  ab- 
forbed  by  the  iron,  and  this  being  about  three 
grains,  the  whole  lofs  by  ignition  mu  ft  be  fet 
down  as  = 1 1 grs. 

The  analyfis  is  thus  effeCted.  I.  The  gado- 
linite being  ground  to  a fine  powder  is  digefted 
with  diluted  nitric  acid,  and  evaporated  to  dry- 
nefs,  taking  care  to  increafe  the  heat  towards 
the  end  of  the  procefs,  in  order  to  enfure  the 
complete  oxydation  of  the  iron.  2.  The  whole 
is  now  to  be  rediflolved  in  water,  and  as  the  So- 
lution {till  contains  a little  iron  this  may  be  got 
rid  of  either  by  again  evaporating  to  drynefs  and 
fubfequent  digeftion  in  water,  or  by  precipi- 
tating the  iron  by  a drop  or  two  of  ammonia. 
3.  The  Solution  is  now  mixed  with  cauftic  am- 
monia as  long  as  any  precipitate  is  produced  ; 
and  the  fupematant  liquor  and  walhings  of  the 
precipitate  being  mixed  with  carbonated  potafh 
a little  carbonat  of  lime  is  thrown  down.  4.  The 
firft  precipitate  No.  3.  is  rediflolved  in  nitric 
acid,  and  by  the  cautions  and  gradual  ad- 
dition of  hydro  fulphuret  of  potafh  the  oxyd  of 
manganefe  is  Separated.  5.  The  clear  liquor  now 
only  contains  nitrat  of  yttria , from  which  the 
earth  is  procured  by  cauftic  ammonia.  6.  The 
infoluble  refidues  No.  2.  confift  of flex  and  oxyd  of 
iron , which  are  Separated  by  muriatic  acid,  the 
earth  remaining  undiflolved. 

Another  method  is,  1.  To  fufe  the  mineral 
with  twice  its  weight  of  cauftic  potafh,  to  di- 
geft  the  mafs  in  boiling  water,  and  then  Sepa- 
rate the  liquor  while  hot  from  the  undiflolved 
portion  by  the  filter.  2.  The  liquor  will  be  of 
a fine  green  colour,  indicating  the  prefence  of 
manganefe,  and  by  expofure  to  the  air  will  be- 
come colourlefs,  the  oxyd  of  manganefe  being 
precipitated  in  the  form  of  a black  powder. 
3.  The  clear  liquor  is  now  to  be  Saturated  with 
nitric  acid,  and  the  fame  menftruum  very  much 
diluted  is  to  be  digefted  on  the  infoluble  portion 
No.  1.  The  two  nitrous  liquors  being  mixed 
together  and  evaporated  to  drynefs,  and  re- 
digefted  in  water  contain  only  the  nitrats  of 
lime  and  yttria ; while  the  portion  infoluble  in 
nitric  acid  confifts  of  filex  and  oxyd  of  iron,  both 
of  which  are  to  be  Separated  in  the  manner  al- 
ready defended.  From  the  refults  of  thefe  pro- 


cefles  Vauquefin  ftates  the  component  parts  of 


100  grs.  of  gadolinite  to  be 

Silex  - - - - 25.5 
Oxyd  of  iron  - 25. 

Ditto  manganefe  2. 
Lime  - - - - 2. 
Yttria  - - - - 35 


89.5 

Lofs,  confifting  of 
water  and  Some  car- 
bonic acid  - - 10.5 

100.0 


The  particulars  of  the  laft  analyfis  of  gado- 
linite by  M.  Ekeberg  being  locked  up  in  the 
Swedifh  language  we  are  obliged  to  have  re- 
courfe  to  a brief  abftraCt  publifhed  in  the  An- 
nales  de  Chimied.  From  this  it  appears  that 
M.  Ekeberg  followed  the  practice  of  Klaproth 
in  Separating  the  iron  by  fuccinat  of  foda,  that 
he  found  no  lime  nor  alumine,  but  a Small 
portion  of  glycine:  and  that  100  parts  of  the  en- 


tire mineral  contain 

Silex  - - - - 23. 

Oxyd  of  iron  - 16.5 

Glycine  - - - 4.5 

Yttria  - - - 55.5 


99-5 

Lofs  - - - - 0.5 


100.0 


Notwithftanding  the  apparent  differences  in 
the  preceding  analyfes  it  is  Satisfactory  to  find 
that  moft  of  them  may  be  reconciled,  or  at 
leaft  accounted  for  by  a comparifon  of  the  dif- 
ferent modes  of  operating  adopted  by  their  re- 
fpeCtive  authors. 

It  is  obvious  that  in  M.  Ekeberg’s  firft 
analyfis  the  proportion  of  iron  is  ftated  too 
high,  and  that  of  yttria  too  low,  in  confequence 
of  his  fuppofing  that  the  fulphat  of  yttria  is 
totally  undecompofable  by  a red  heat  continued 
long  enough  to  fuperoxygenate  the  fulphat  of 
iron,  and  thus  render  it  infoluble  in  water : for 
Klaproth  in  his  preliminary  experiments  No.  6. 
has  {hown  that  a considerable  part  of  the  fulphat 
of  yttria  is  alfo  decompofed,  together  with  the 
fulphat  of  iron.  The  way  in  which  the  pro- 
portion of  alumine  was  afeertained  is  alfo  liable 
to  objection;  for  not  only  this  earth  but  alfo 
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glycine  is  foluble  in  cauftic  potftfh,  and  both  are 
precipitable  by  carbonated  ammonia  provided 
this  is  not  added  to  excefs.  It  is  alfo  probable 
that  fimple  digeftion  with  muriatic  acid  would 
not  feparate  the  whole  of  the  other  earths  from 
the  filex  with  which  they  were  at  firft  com- 
bined -,  and  this  fufpicion  is  further  confirmed 
by  the  refults  obtained  by  Klaproth,  who  in  his 
preliminary  experiments  found  that  24.5  per 
cent,  of  this  mineral  was  infoluble  by  digeftion 
with  muriatic  acid  •,  but  in  his  analyfis,  when 
he  ufed  nitro-muriatic  acid,  and  evaporated  to 
drynefs,  there  remained  only  21.25  per  cent,  of 
infoluble  matter. 

In  the  analyfis  by  M.  Klaproth  the  amount 
of  filex  appears  to  be  deduced  in  a perfectly  un- 
exceptionable manner,  as  well  as  that  of  the 
alumine*,  but  the  very  fame  experiment  which 
proves  the  quantity  of  this  latter  earth  alfo 
fhows  the  prefence  of  5.5  per  cent,  of  glycine  ; 
for  one  of  the  effential  characters  of  this  fub- 
ftance  is,  to  be  foluble  in  cauftic  fixed  alkali,  by 
which  it  is  diftinguifhed  from  yttria,  and  an- 
other is,  to  be  foluble  in  carbonated  ammonia,  by 
which  it  is  diftinguifhed  from  alumine.  The 
oxyd  of  iron  may  be  confidered  as  fairly  deter- 
mined fince  M.  Klaproth  exprefsly  mentions 
that  the  muriatic  folution  No.  3.  was  largely 
diluted  with  water  before  the  addition  of  fuc- 
cinat  of  foda  : if  this  had  not  been  the  cafe, 
there  might  have  been  a flight  caufe  of  error 
becaufe  fuccinat  of  glycine  is  very  fparingly 
foluble  in  water,  and  a fmall  quantity  might 
therefore  have  fallen  down  with  the  fuccinat  of 
iron. 

Vauquelin’s  experiments  clearly  {how  that 
the  fubftance  which  he  operated  on  lofes  up- 
wards of  8 per  cent,  by  ignition,  and  this  con- 
fifts  partly  of  water  and  partly  of  carbonic 
.acid.  The  prefence  of  manganefe  is  also  made 
very  manifeft,  efpecially  in  the  fecond  mode  of 
analyfis,  but  the  ftatement  of  its  adlual  amount 
is  not  to  be  depended  on,  for  the  hydroful phuret 
of  potafh  in  the  firft  analyfis  No.  4.  even  when 
all  pofiible  caution  is  ufed,  would  be  very  apt 
to  carry  down  a little  earth  along  with  the  man- 
ganefe : and  in  the  fecond  analyfis  No.  2.  the 
cauftic  potafh  would  diflolve  not  only  the  man- 
ganefe but  alfo  a little  black  oxyd  of  iron,  and 
both  would  fpontaneoufly  feparate  from  the  fo- 
lution by  expofure  to  air.  The  experiment  in- 
dicating the  quantity  of  lime  cannot  be  ob- 
jected to  : but  the  mode  of  feparating  the  filex, 
oxyd  of  iron,  and  yttria,  is  very  erroneous. 
In  the  firft  place  nitric  acid  is  by  no  means  fo 


active  a menftruum  as  muriatic  acid  for  tliefer 
kinds  of  analyfis  ; and  in  the  next  place  if  ful- 
phat  of  yttria  is  in  part  decompofed  at  a tem- 
perature necefiar.y  to  render  lulphat  of  iron  in- 
foluble, it  is  extremely  probable  that  the  nitrats 
of  yttria  and  iron  Hand  in  the  fame  mutual 
relation  : we  may  therefore  fet  down  the  filex 
as  fomewhat  exaggerated,  the  oxyd  of  iron  as 
greatly  fo,  and  the  yttria  as  diminifhed  in  at 
leaft  an  equal  proportion.  If  however  all  pof- 
fible  allowance  is  made  for  the  fources  of  er- 
ror which  have  been  juft  pointed  out,  ftill  the 
great  lofs  by  ignition,  the  prefence  of  manga- 
nefe, which  Klaproth  exprefsly  fearched  for  in 
vain,  and  the  difference  in  the  external  charac- 
ter, feem  to  render  probable  a fufpicion  that 
there  is  a real,  though  perhaps  not  amounting 
to  a fpecific,  difference  between  the  fubftance 
analyzed  by  Vauquelin  and  the  gadolinite  ex- 
amined by  Klaproth  and  Ekeberg.  With  re- 
gard, however,  to  the  abfence  of  manganefe 
.from  the  gadolinite  analyzed  by  Klaproth,  it  is 
to  be  obferved  that  this  able  chemift  has  not  par- 
ticularized the  experiments  inftituted  by  him  to 
prove  this  point,,  and  that  the  yttria  even  when 
confidered  by  him  as  perfectly  pure  had  a 
light  cream  colour,  and  when  combined  with 
fulphuric  acid  depofited  cryftals  of  a pale  ame- 
thyft  red,  which  may  poffibly  have  been  oc- 
cafioned  by  the  prefence  of  magnanefe,  more 
efpecially  as  all  the  other  earths  when  pure  are 
fnow-whife,  and  afford  colourlefs  cryftals  with 
acids. 

The  analyfis  of  gadolinite  by  Klaproth  as 
fairly  deduced  from  his  own  experiments  would 
ftand  thus  : 


Silex  - - - 

21. 2C 

Oxyd  of  iron 

17-5 

Glycine  - - 

5-5 

Alumine  - - 

0.5 

Yttria  with  a trace 

of  manganefe 

54-75 

Water  - - - 

0.5 

100.00 

and  when  this  is  compared  with  the  laft  analyfis 
of  this  fubftance  by  Ekeberg  the  two  will  be 
found  very  nearly  to  correfpond. 

The  following  are  the  properties  of  vttria 
as  far  as  they  have  been  examined. 

Its  fpecific  gravity  according  to  Ekeberg  is 
r=:4.84,  a very  remarkable  character  which  has 
alfo  been  obferved  by  Vauquelin.  It  is  not  re- 
ducible to  the  reguline  ftate  by  heating  with 
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charcoal,  it  runs  during  the  procefs  into  a 
femifufed  inafs,  and  its  Specific  gravity  is  fome- 
what  increafed.  It  is  infipid  and  inodorous, 
and  infoluble  in  water.  It  is  infufible  per  set 
but  with  borax  it  forms  a clear  colourlefs 
glafs. 

It  is  infoluble  in  the  fixed  alkalies  either 
ure  or  carbonated,  alfo  in  cauftic  ammonia : 
ut  is  readily  diflolved  by  carbonated  ammonia. 
The  pure  alkalies  feparate  it  from  all  its  acid 
combinations.  It  is  foluble  in  fulphuric  acid, 
and  the  fulphat  of  yttria  thence  refulting  crys- 
tallizes in  rhomboids : it  has  a fweet  fcmewhat 
aftringent  tafte,  is  foluble  in  25  to  30  parts  of 
cold  water,  and  requires  nearly  the  fame  quan- 
tity of  hot.  It  is  decompofable  by  a red  heat, 
the  acid  being  volatilized.  The  muriatic  and 
nitric  acids  alfo  diffolve  yttria,  but  the  falts 
thence  refulting  are  not  cryflallizable.  Acetic 
acid  forms  with  yttria  a fait  that  eryftallizes  in 
four  Sided  prifms.  The  neutral  fuccinats  decom- 
pofe  the  muriat  of  yttria,  producing  fuccinat 
of  yttria,  which  is  very  little  foluble,  and  falls 
down  in  cryftalline  grains,  except  a large  quan- 
tity of  water  is  prefent. 

Neutralized  muriat  of  yttria  is  decompofable 
by  prufliat  of  potafh,  a pearl-grey  powder  being 
precipitated,  which  however  is  refoluble  in  a 
flight  excefs  of  muriatic  acid.  It  is  alfo  de- 
compofable by  pure  tan,  or  by  infufion  of 
galls,  but  is  only  rendered  turbid  by  gallic 
acid. 

Oxalic  acid  and  oxalat  of  ammonia  throw 
down  from  the  falts  of  yttria  a white  precipi- 
tate, which  in  its  appearance  and  manner  of 
fubfiding  bears  a very  near  refemblance  to  mu- 
riat of  Silver. 

Phofphoric  acid  does  not  decompofe  the  ful- 
phat, nitrat  or  muriat  of  yttria,  but  phofphat 
of  foda  occafions  a white  flocculent  gelatinous 
precipitate. 

The  carbonated  fixed  alkalies  decompofe  the 
falts  of  yttria,  and  produce  a white  pulverulent 
carbonat  of  yttria,  infoluble  in  water,  and  com- 
pofed  according  to  Klaproth  of 

Yttria  - - - - 55 

Carbonic  acid  - - 18 

Water  - - - - 27 

100 

Yttria  in  its  general  properties  and  habitudes 
with  acids  bears  a confiderable  refemblance  to 
glycine.  It  is,  however,  diftinguifhable  from 
this  earth  by  its  infolubility  in  cauftic  fixed  al- 


kali, its  being  precipitable  by  prufliat  of  potafh,. 
and  its  Superior  Specific  gravity. 

GALENA.  See  Lead  ores  of. 

GALL  animal.  See  Bile. 

GALL  NUT.  Noix  de  Galle , Fr.  Gallapfel, 
Germ. 

Gall-nut  is  the  produce  of  the  prickly-cupped 
oak  (Quercus  Cerris  Li/m.)  a Small  timber  tree 
that  grows  wild  in  almoft  all  the  countries  bor- 
dering upon  the  Mediterranean,  and  in  fome  of 
the  Southern  provinces  of  Germany.  This  fub- 
flance  is  Said  to  originate  from  a pun£ture  made 
by  an  infedt  of  the  genus  cynips,  to  the  young 
of  which,  while  in  their  larva  ftate,  it  Serves 
for  habitation  and  food.  It  is  found  adhering 
to  the  Soft  annual  {hoots  of  the  tree,  and  in 
fhort,  in  its  original  Situation  and  general  ap- 
pearance is  confidered  by  naturalifts  as  precifely 
Similar  to  thofe  excrefcencies  on  our  Englifh 
oaks,  vulgarly  called  oak-apples.  There  are  two 
kinds  of  gall-nut  diftinguifhed  in  commerce  ; 
the  inferior  is  of  a pale  brown  colour,  and  about 
the  fizte  of  a nutmeg,  and  is  procured  from 
Spain,  France,  and  the  northern  Mediterranean 
countries-,  the  Superior  fort  is  of  a deep  olive 
colour,  approaching  to  black,  is  Smaller  than 
the  other,  and  its  Specific  gravity  is  confiderably 
greater  : it  is  produced  in  Afia  Minor,  but 
more  efpecially  in  Syria,  and  is  hence  called  the 
Aleppo  gall,  this  town  being  the  principal  feat  of 
the  foreign  Syrian  commerce. 

Notwithstanding  however  the  concurrent  tes- 
timony of  naturalifts  as  to  the  original  of  the 
gall-nut,  any  perfon  who  will  give  himfelf  the 
trouble  to  break  half  a dozen  found  unperforated 
Aleppo  galls  may  readily  convince  himfelf  that 
this  is  one  of  thofe  vulgar  errors  which  are  re- 
peated and  believed  from  generation  to  genera- 
tion, becaufe  in  philofophy  and  natural  hiftory  it 
is  eafier  to  believe  than  to  examine. 

Gall-nut  confifts  of  four  parts.  The  external- 
or  cortical  covering  is  of  a denfe  fibrous  texture, 
a pale  yellowifh  white  colour,  is  very  thin,  and 
Separable  w'ithout  much  difficulty  from  the  part 
which  it  enclofes : to  the  tafte  it  is  highly 
aftringent,  with  a flight,  and  Sometimes  a 
Scarcely  perceptible  bitternefs  : when  laid  on  a 
red-hot  iron  it  Smokes  and  blackens,  and  finally 
becomes  ignited,  but  without  any  flame : the 
fmoak  is  llightly  pungent,  accompanied  by  a pe- 
culiar and  indefcribable  odour,  which,  howr- 
ever,  chiefly  characterizes  the  refinous  part  of 
the  gall-nut.  Immediately  beneath  the  cortical 
part  lies  that  which,  merely  from  its  external  ap- 
pearance, we  Shall  call  the  refnmis  part,  and 
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winch  eohftitutes  by  far  the  greater  portion  of 
the  gall-nut:  the  colour  of  this  is  dark  yellowifh 
brown : it  has  a fibrous  texture,  and  {hows  a 
great  tendency  to  a conchoidal  fracture  : it  has 
a glimmering  refinous  luftre,  arid  is  very  brittle: 
it  is  not  only  aftringent  to  the  tafte,  but  nau- 
feoufly  bitter,  and  appears  almoft  entirely  folu- 
blc  in  the  faliva  : when  laid  on  a red  hot  iron  it 
becomes  black,  and  in  a ftate  of  femifufion,  and 
exhales  very  copioufly  that  peculiar  odour 
which  we  have  already  mentioned  ; in  a fliort 
time  it  is  ignited,  and  reduced  to  allies,  but 
without  producing  any  flame.  The  central  ca- 
vity of  the  gall-nut  is  lined  with  a very  pale  yel- 
lowifh brown  Jhell,  adhering  pretty  firmly  to 
the  refinous  part ; it  is  of  a fibrous  texture, 
without  luftre  •,  to  the  tafte  it  is  almoft  wholly 
infipid  like  common  ligneous  fibre,  and,  like 
this,  when  laid  on  a red  hot  iron  it  burns  with 
a yellowifh  flame  and  a copious  production  of 
very  penetrating  pyroligneous  acid.  Within 
the  file  11  is  contained  the  kernel , which  is  a 
fmall  egg-ihaped  body,  fometimes  confiderably 
flattened,  and  a quarter  of  an  inch  or  more  in 
length  : it  is  of  a brown  cream  colour,  and  an 
even  very  minutely  granular  fracture  like  a 
common  hazle  nut ; it  breaks  down  between 
the  teeth  like  all  the  oily  farinaceous  feeds 
when  dried : it  is  infipid,  but  after  being 
chewed  leaves  a faint  fvveetifh  flavour  like  that 
of  a bad  almond  : it  is  often  found  mouldy,  and 
then  is  of  a bright  chocolate  colour.  When 
laid  on  a hot  iron  it  becomes  fomewhat  moift, 
and  gives  out  a pungent  empyreumatic  acid  in 
great  quantity,  but  without  flaming,  and  is 
probably  little  elfe  than  amylaceous  fecula. 
This  kernel  no  doubt  it  is  which  invites  the 
depredation  of  infeCfs  ; and  in  all  thofe  gall- 
nuts  the  kernels  of  which  have  been  devoured, 
may  be  perceived  a fmall  tubular  paffage  from 
the  outfide  to  the  centre,  and  in  the  place  of  the 
kernel  is  generally  left  a little  web,  and  fome 
minute  black  grains  which  probably  are  the  ex- 
crements of  the  infeft.  Gall-nuts  that  are  un- 
perforated are  fometimes  however  found  hol- 
low, but  this  may  be  inferred  to  be  owing  to 
the  deftruCtion  of  the  kernel  by  fpontaneous  de- 
compofition,  on  account  of  the  mouldy  and  dif- 
coloured  ftate  of  the  remaining  fhell. 

No  chemical  analyfis  has  been  made  of  any 
one  of  the  four  parts  of  the  gall-nut  feparated 
from  the  reft,  although  what  we  have  called 
the  refinous  portion  feems  to  be  particularly 
interefting  : the  gall-nut  in  general,  however, 
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has  been  fubje&ed  to  feveral  curious  enquiries 
by  Scheeie,  Deyeux,  Prouft,  Davy,  and  others, 
of  which  the  following  are  the  principal  re- 
fults. 

When  bruifed  galls  are  infufed  in  diftilled 
water  at  the  temperature  of  about  6o°  Fahr. 
a dark  brown  fluid  is  obtained  in  the  fpace  of  a 
few  hours  ; this  being  poured  ofr  and  another 
portion  of  water  being  added  a fecond  infufion 
is  procured  of  a fomewhat  lighter  colour  than 
the  former  ; after  having  thus  employed  four 
or  five  feparate  parcels  of  water  the  fucceeding 
infufions  exhibits  yellowifh  green  tinge,  which 
by  degrees  becomes  more  and  more  faint,  till 
all  that  portion  of  gall-nut  foluble  in  this  men- 
ftruum  at  the  above  temperature  is  taken  up. 
According  to  Deyeux  a it  requires  96  quarts  of 
water  divided  into  20  different  macerations  to 
exhauft  all  the  foluble  matter  of  a Angle  pound 
of  galls.  The  brown  infufion  acquires  a deep 
black  colour  by  red  fulphat  of  iron  indicating  the 
prefence  of  gallic  acid,  a folution  of  ifinglafs  in 
water  occafions  in  it  a copious  precipitate,  indi- 
cating tan,  and  muriat  of  alumine  throws 
down  a precipitate  denoting  the  prefence  of  ex- 
tradft.  This  brown  infufion  feems  to  be  fur- 
nifhed  almoft  entirely  by  the  refinous  part  of 
the  nut.  The  light  green  infufion  gives  a 
deep  blue  precipitate  with  red  fulphat  of  iron, 
but  is  hardly  at  all  affe&ed  by  the  other  two 
reagents  ; it  appears  to  contain  little  elfe  than 
gallat  of  lime,  and  is  probably  furniflred  by 
the  cortical  covering  of  the  gall-nut.  A few 
drops  of  moderately  ftrong  fulphuric  or  mu- 
riatic acid  change  the  green  tinge  of  this  in- 
fufion to  red,  after  which  the  original  colour 
may  be  reftored  by  the  addition  of  an  alkali, 
and  deepened  if  it  is  added  to  excefs.  The  con- 
centrated nitric  and  oxygenated  muriatic  acids 
deftroy  the  colour  of  the  infufion,  nor  can  it  be 
reftored  by  an  alkali.  By  long  continued  flow 
evaporation  the  green  colour  is  changed  into  a 
dirty  yellow,  and  then  neither  acids  nor  alka- 
lies adl  on  it  in  the  fame  manner  as  before. 

The  ftrongeft  brown  infufion  that  can  be 
made  by  macerating  pounded  galls  with  diftilled 
water  at  56°  Fahr.  is  of  the  fpecific  gravity  of 
1.068,  and  yields  by  evaporation  a little  more 
than  ~ of  folid  matter. b The  folution  is  nearly 
tranfparent,  of  a yellowifh-brown  colour  and  a 
four  and  highly  aftringent  tafte ; it  ftrongly 
reddens  litmus  and  (hows  other  proofs  of  a dif- 
engaged  acid.  When  fulphuric  acid  is  poured 
into  the  infufion,  a denfe  white  precipitate  is 
fc  Davy  in  Phil.  Tranf.  for  1803. 
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thrown  down,  and  the  fupernatant  liquor  be- 
comes of  a deeper  colour  than  before : it  is  not 
however  by  this  procefs  freed  entirely  from  any 
of  its  ingredients,  fince  it  ftill  continues  to  give 
a deep  black  with  the  oxygenated  falts  of  iron, 
and  to  afford  a precipitate  with  gelatin.  The 
fulphuric  precipitate  when  feparated  by  the  filter, 
llightly  reddens  vegetable  blues,  yields  gallic 
acid  by  diftillation,  and  when  difl'olved  in  warm 
water  gives  a copious  precipitate  with  ifinglafs. 
Muriatic  acid  produces  a fimilar  effedt  on  the 
infufion  to  that  of  fulphuric  acid.  Strong  nitric 
acid  when  firft  added  to  the  infufion  renders  it 
turbid,  but  the  feparating  matter  is  foon  dif- 
folved  with  eff'ervefcence  and  the  liquor  becomes 
clear  and  of  an  orange  colour : the  excefs  of 
acid  being  faturated  by  an  alkali,  both  the  tan 
and  gallic  acid  of  tire  infufion  are  found  to  be 
dellroyed,  for  no  precipitate  is  occafioned  by 
a folution  of  gelatin,  nor  any  change  of  co- 
lour by  red  fulphat  of  iron.  By  evaporation, 
a foft  yellowifh  brown  fubftance  is  procured, 
which  from  its  decompofing  nitro-muriat  of 
tin  and  nitrat  of  alumine,  appears  to  be  a 
kind  of  extradt.  If  a very  diluted  nitric  acid 
is  employed,  its  effedts  on  the  infufion  are 
fimilar  to  thofe  of  the  fulphuric  and  muriatic 
acids. 

A folution  of  either  of  the  fixed  alkalies  in  a 
perfedtly  cauftic  ffate  occafions  a temporary 
turbidnefs  in  the  infufion  and  changes  its  colour 
to  brown-red:  in  this  ffate  it  gives  no  precipitate 
with  gelatin  till  the  addition  of  an  acid,  when  a 
copious  fediment  is  produced.  Cauftic  am- 
monia at  a moderate  temperature  has  the  fame 
effedt  as  fixed  alkali,  but  when  the  mixture  is 
expofed  to  the  heat  of  boiling  water,  part  of 
the  ammonia  is  volatilized  and  the  remainder 
readts  on  the  tan  and  gallic  acid  of  the  infufion, 
converting  them  almoff  entirely  into  a fubftance 
precipitable  by  muriat  of  tin  and  the  aluminous 
falts. 

If  inftead  of  a perfectly  cauftic  fixed  alkali, 
one  that  is  only  partially  fo  be  employed,  a pre- 
cipitate is  thrown  down  from  the  infufion,  the 
quantity  of  which  varies  in  proportion  to  that 
of  the  carbonic  acid  united  with  the  alkali. 
That  the  formation  of  this  precipitate  depends 
on  the  prefence  of  carbonic  acid  is  manifeft 
from  this  circumftance,  that  if  carbonic  acid 
gas  is  palled  through  the  refidual  clear  liquor, 
confiding  of  cauftic  alkali  and  infufion  of  galls, 
an  immediate  precipitate  is  occafioned,  which 
exhibits  the  fame  properties  as  that  produced 
by  carbonated  alkali  in  the  infufion.  The  fol- 
lowing are  the  charadters  of  the  precipitate : it 
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has  not  the  aftringent  tafte  of  uncombined  tan  j 
it  is  but  imperfedtly  foluble  in  cold  water  or 
alcohol ; when  digefted  in  a large  quantity  of 
hot  water  it  is  feparated  into  an  infoluble  and  a 
foluble  part ; the  former  of  thefe  is  not  acted 
on  by  alcohol,  it  is  partially  foluble  in  muriatic 
acid,  and  the  folution  precipitates  gelatin  and 
the  falts  of  iron  j when  incinerated  it  affords  a 
confiderable  proportion  of  lime  but  no  alkali ; 
hence  it  appears  to  be  a compound  of  lime, 
gallic  acid,  tan,  and  perhaps  a little  extradt : 
the  part  foluble  in  hot  water  is  incapable  of 
precipitating  gelatin  till  the  alkali  is  faturated 
by  an  acid,  and  when  incinerated  it  yields  car- 
bonated alkali. 

The  alkaline  earths  when  added  in  fubftance 
or  in  folution  to  the  brown  infufion  of  galls, 
combine  with  the  whole  of  the  tan  and  throw 
down  a green  precipitate  : the  fupernatant  liquor 
is  alfo  of  a green  colour,  which  becomes  more 
intenfe  by  expofure  to  the  air  : it  is  made  turbid 
by  fulphuric  acid  and  gives  a black  precipitate 
with  the  falts  of  iron,  and  confifts  of  gallic  acid 
and  probably  fbme  extract  combined  with  part 
of  the  alkaline  earth.  The  green  precipitate  by 
repeated  waffling  with  water  gives  out  nearly 
the  whole  of  its  gallic  acid,  and  the  refidue  is 
little  elfe  than  tan  with  the  alkaline  earth.  The 
artificial  carbonats  of  thefe  earths  produce  the 
fame  effect  as  the  pure  earths. 

If  alumine  is  boiled  with  the  infufion  it  be- 
comes of  a yellowifh  grey  tinge  and  combines 
with  the  whole  of  the  tan  and  extradt,  and 
nearly  the  whole  of  the  gallic  acid ; the  fuper- 
natant liquor  being  clear  and  colourlefs  and 
giving  a very  faint  purple  with  red  fulphat  of 
iron  : if  only  a very  fmall  proportion  of  alumine 
be  employed,  the  liquor  confifts  of  gallat  of 
alumine  with  excefs  of  acid. 

The  pei-fedt  oxyds  of  tin  and  zinc  prepared 
with  nitric  acid,  when  boiled  with  the  infufion 
become  of  a dull  yellow  colour  and  reduce  the 
fupernatant  fluid  to  mere  water : the  yellow 
oxyds  are  foluble  in  muriatic  acid,  and  then 
give  a copious  precipitate  with  gelatin  and  a 
denfe  black  with  falts  of  iron. 

The  compound  earthy  and  alkaline  falts  alfo 
decompofe  the  infufion  of  galls,  but  the  preci- 
pitate is  not  pure  tan  as  has  been  fuppofed,  for 
it  contains  befides  feme  gallic  acid,  extradt,  and 
the  precipitant  fait.  The  fame  may  be  obferved 
of  molt  of  the  metallic  falts. 

When  the  brown  infufion  is  expofed  to  gentle 
evaporation,  it  firft  becomes  turbid  by  the  depo- 
fition  of  part  of  its  extractive  matter,  and  at 
length  acquires  the  confidence  and  appearance 
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of  a tough  brown  extract,  which  while  it  is 
warm  may  be  moulded  like  Ohio  turpentine, 
but  when  it  becomes  cold  is  dry  and  hard  and 
very  eafily  pulverizable.  By  expofure  in  clofe 
veflels  to  a heat  fuperior  to  that  of  boiling  water, 
the  mafs  firft  foftens,  then  fwells  and  gives  out 
a prodigious  quantity  of  carbonic  acid ; there 
fublimes  at  the  fame  time  a white  fait  in  needles 
and  fcales,  which  is  pure  gallic  acid  : foon  after 
a fluid  arifes  in  which  the  gallic  acid  diflolves, 
and  this  is  fucceeded  by  a thick  black  oil  y at 
this  period  the  gas,  which  hitherto  has  been 
carbonic  acid,  becomes  inflammable,  and  fo 
continues  till  nothing  but  a dry  coal  is  left  in 
the  retort. 

An  exabl  analyfis  of  galls  is  for  the  prefent 
at  leaft  impradlicable,  fince  we  are  not  acquaint- 
ed with  any  reagents  that  will  feparate  any  of 
its  component  parts  unmixed  with  the  others : 
upon  the  whole  perhaps  the  bell  mode  of  pro- 
ceeding is  as  follows.  Take  any  quantity  of 
galls  and  reduce  them  to  powder,  then  by  means 
of  repeated  infufions  with  water  at  a tempera- 
ture lefs  than  that  of  ebullition,  extrabl  every 
thing  that  is  foluble.  The  refidue  being  tho- 
roughly dried  will  indicate  with  confiderable 
exaftnefs,  by  means  of  its  lofs  of  weight,  the 
amount  of  foluble  matter.  All  the  different 
infufions  being  mixed  together  are  to  be  evapo- 
rated at  a very  gentle  heat  to  a fmall  bulk, 
during  which  fome  reddilh-brown  extract  will 
be  depofited  and  mull  be  carefully  feparated 
and  dried ; the  refidual  fluid  by  fubfequent  eva- 
poration is  to  be  brought  to  a folid  Hate  and 
then  digefted  in  pure  alcohol,  by  which  the  tan, 
gallic  acid,  and  extract  will  be  taken  up,  while 
the  mucilage  mixed  with  fome  impurities  will 
remain  infoluble  and  may  thus  be  feparated. 
The  alcoholic  folution  being  again  evaporated, 
the  refidue  is  to  be  dilfolved  in  water,  and  a 
flrong  folution  of  ifinglafs  is  to  be  poured  in  as 
long  as  any  precipitation  takes  place : this  pre- 
cipitate when  v/ell  walhed  confifts  of  tan,  and 
gelatin  with  a very  little  extract  and  gallic  acid, 
and  contains  about  46  per  cent,  of  tan.  The 
reft  of  the  folution  is  gallat  of  lime  with  excefs 
of  acid,  and  a little  extrabl. 

According  to  Davy,  500  grains  of  good 
Aleppo  galls  contain  185  grains  of  matter  folu- 
ble in  water,  and  this  confifts  of 

grains. 

Tan  - --  --  --  - 130 

Mucilage  and  extrabl  depofited  "1 

during  evaporation  - -J  12 

Gallic  acid  with  a little  extrabl  31 
Lime  and  faline  matter  - - 12 


For  further  particulars  concerning  gall-nut 
fee  Gallic  acid,  Ink,  and  Tanning. 

The  ufes  of  this  fubftance  are  very  important. 
It  is  employed  largely  in  dyeing  not  only  blacks 
and  various  kindred  colours,  but  is  alfo  an 
eflential  ingredient  in  the  compofition  of  the 
fineft  madder  reds  : it  is  a necelfary  part  of  all 
the  black  writing  inks : it  is  employed  in  the 
laboratory  as  a ufeful  tell  for  the  falts  of  iron, 
and  is  occafionally  ufed  in  medicine. 

GALLIC  ACID.  Acide  Gallique,  Fr.  Gal~ 
lujj'atire,  Gallapfelfaure,  Germ. 

The  exiftence  of  an  uncombined  acid  in  galls 
and  in  various  other  allringent  vegetable  fub- 
ftances,  was  fufpedled  by  Macquer,  Lewis, 
Monnet,  and  other  able  chemifts,  but  was  not 
demonftrated  till  the  year  1772,  when  Morveau 
and  the  other  Dijon  academicians  took  the 
fubjebt  in  hand.  They  found  that  the  infufion 
of  galls  changed  vegetable  blues  to  red,  was 
capable  of  decompofing  the  alkaline  hydroful- 
phurets,  of  diflolving  metallic  iron,  and  of  de- 
compofing and  precipitating  the  folutions  of 
feveral  metallic  falts.  The  fubjebt  remained  in 
this  ftate  till  1780,  when  Scheele  put  the  matter 
beyond  doubt  by  publifhing  a method  of  fepa- 
rating  the  acid  from  the  other  ingredients  of 
the  gall-nut.  This  acid  obtained  the  name  of 
the  gallic  from  the  fubftance  which  yields  it  the 
moft  eafily  and  in  the  greateft  plenty,  and  has 
ever  fince  taken  its  place  among  the  other  native 
vegetable  acids. 

The  method  employed  by  Scheele  to  obtain 
the  gallic  acid  is  the  following.  Take  any 
quantity  of  Aleppo  galls,  and  having  reduced 
them  to  a coarfe  powder  digeft  it  in  three  or  four 
fucceflive  portions  of  fealding  water,  by  which- 
almoft  all  the  foluble  part  will  be  extracted ; 
then  add  together  all  the  infufions,  and  a brown 
turbid  liquor  will  be  obtained,  intenfely  aftrin- 
gent  and  fomewhat  acid : put  the  liquor  into  a 
large  uncovered  bafon  and  fet  it  by  in  a warm 
room  for  two  or  three  months : in  a few  days  a 
covering  of  mould  will  appear  on  the  furface, 
which  mull  be  occafionally  broken  and  ftirred. 
into  the  liquor.  In  proportion  as  the  procefs 
of  moulding  goes  on,  the  allringent  tafte  of  the 
fluid  becomes  weaker  and  the  acid  tafte  in- 
creafes,  at  the  fame  time  a dirty  brown  fedi- 
ment  mixed  with  cryftalline  grains  is  depofited. 
When  the  whole  is  evaporated  to  drynefs  or 
nearly  fo,  the  remainder  is  to  be  digefted  in 
about  an  equal  weight  of  hot  rectified  alcohol, 
and  the  liquor  is  to  be  pafled  as  haftily  as  pofli- 
ble  through  a filter.  The  undiflolved  refidue 
is  to  be  a fecond  time  digefted  in  half  the  quan- 
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tity  of  the  alcohol  ufed  at  fir  ft,  and  this  fecond 
folution  after  filtration  is  to  be  added  to  the 
fir  ft.  The  liquor  as  it  cools  will  depofit  fome 
brown  cryftalline  grains,  and  frefh  portions  may- 
be procured  by  fucceflive  evaporation  and  cool- 
ing. Thefe  impure  cryftals  being  a fecond  time 
diflolved  in  as  fmall  a quantity  as  poflible  of  hot 
alcohol,  will  feparate  by  cooling  in  the  form  of 
fmall  grains  of  a brownilh  yellow  colour,  and 
in  this  ftate  form  the  gallic  acid  of  Scheele. 
But  the  acid  thus  prepared  is  by  no  means  pure, 
it  not  only  contains  a little  extradl  by  which  it 
is  coloured  but  (what  has  not  been  adverted  to) 
it  alfo  contains  lime,  and  that  in  no  fmall  quan- 
tity ; for  when  diflolved  in  water  and  neutralized 
by  carbonated  foda,  a coloured  precipitate  falls 
down,  and  the  fupernatant  liquor  after  a flaort 
expofure  to  the  air  becomes  of  a deep  green 
colour.  In  order  therefore  to  purify  this  acid 
the  beft  method  is  to  rub  it  up  with  an  equal 
weight  of  dry  charcoal,  and  then  heat  it  in  a 
very  ftiort  necked  retort  with  an  attached  re- 
ceiver : the  heat  muft  be  juft  fufficient  to  difen- 
gage  white  fumes  from  the  mixture  and  no 
more ; thefe  fumes  palling  into  the  receiver 
will  concrete  th^re  and  line  the  whole  infide  of 
the  veflel  with  long  filky  cryftals  of  a filvery 
whitenefs,  which  are  pure  gallic  acid.  The  lofs 
of  weight  in  this  procefs  is  confiderable,  but 
not  more  than  might  be  expe£led  when  it  is 
remembered  that  the  produce  is  only  the  excefs 
of  acid  beyond  what  is  neceflary  to  neutralize 
the  lime  which  the  native  acid  contains.  Inftead 
of  employing  the  acid  of  Scheele  for  this  pur- 
pofe  the  gall-nut  in  fubftance  may  be  fubje£led 
to  dry  diftillation  •,  there  firft  arifes  a watery 
acid  liquor,  then  white  cryftals  of  gallic  acid, 
which  are  foon  however  fucceeded  by  a brown 
oil  which  foils  and  diflolves  them  if  the  procefs 
is  not  flopped  in  time.  Probably  the  addition 
of  dry  pounded  charcoal  would  detain  the  oil, 
and  thus  both  facilitate  the  operation  and  aug- 
ment the  produce. 

A new  method  of  obtaining  pure  gallic  acid 
has  been  propofed  by  M.  Fiedler. a It  confifts 
in  digefting  the  watery  infufion  of  galls  with 
alumine,  and  procuring  from  the  clear  liquor  by 
flow  evaporation  needle-form  cryftals.  But  thefe 
are  probably  not  pure  gallic  acid  but  only  acidu- 
lous gallat  of  alumine. 

Pure  gallic  acid  is  in  the  form  of  white  bril- 
liant needle-form  cryftals,  of  a four  pungent 
tafte  and  fomewhat  auftere.  At  a heat  fome- 
what  exceeding  that  of  boiling  water  it  becomes 
fluid  and  of  a {lightly  brown  colour,  thus  indi- 


cating a partial  decompofition ; at  the  fame  time 
it  gives  out  white  vapours,  which  liaye  a faint 
fub-aromatic  odour  and  concrete  by  cooling  into 
white  cryftals  as  at  firft.  While  folid  it  is  not 
fenfibly  adled  on  by  the  air.  It  requires  about 
24  parts  of  cold  and  three  of  hot  water  for  its 
folution.  It  powerfully  reddens  vegetable  blues 
and  exhibits  the  ufual  charadlers  of  an  acid. 
When  diflolved  in  water  it  fhows  a ftrong  ten- 
dency to  decompofition,  the  folution  becomes 
coloured,  as  alfo  are  the  cryftals  which  it  yields 
by  evaporation.  Cold  alcohol  will  diflolve  about 
a fourth  of  its  weight  of  this  acid,  and  at  a 
boiling  temperature  will  take  up  full  its  own 
weight. 

By  concentrated  fulphuric  acid  it  is  charred 
and  decompofed : ftrong  nitric  acid  converts  it 
into  a mixture  of  malic  and  oxalic  acids.  Oxy- 
muriatic  acid  alfo  decompofes  it,  but  the  mutual 
a£tion  of  thefe  two  fubftances  has  not  been  fuf- 
ficiently  examined.  The  other  acids  diflolve 
gallic  acid,  but  without  occafioning  any  imme- 
diate change. 

It  combines  with  the  alkalies  and  alkaline 
earths,  forming  falts  of  little  folubility,  but  the 
properties  of  which  have  not  been  inveftigated. 

In  confequence  of  the  ready  decompofition  of 
this  acid  and  the  large  proportion  of  carbon  that 
it  contains,  it  precipitates  gold,  filver,  mercury, 
copper,  bifmuth  and  iron  from  all  their  acid 
combinations,  reducing  the  two  firft  in  part  to 
the  metallic  ftate.  It  appears  incapable  of  de- 
compofing  the  falts  of  platina,  zinc,  tin,  cobalt, 
and  manganefe.  The  oxygenated  falts  of  iron 
are  thrown  down  by  it,  of  a deep  blue  colour 
approaching  to  black,  and  this  is  its  moft  cha- 
racleriftic  property.  It  is  not  ufed  in  its  pure 
ftate,  but  as  a component  part  of  Galls  and 
other  aftringent  vegetables.  It  is  applied  to  a 
variety  of  important  purpofes,  for  which  fee 
efpecially  the  articles  Dyeing  and  Ink. 

GAMBOGE.  Cambogia  Gutta. 

The  gum-refin,  commonly  called  gamboge,  is 
the  produce  of  a middling-fized  tree  that  grows 
wild  in  Ceylon,  Siam,  and  Cochin-China,  and 
is  called  by  botanifts  Stalagmitis  Gambogioides. 
The  Siamefe  gamboge  is  in  fmall  tears  formed 
by  the  concretion  of  the  drops  of  juice  as  they 
fall  from  the  leaf-ftalks,  and  young  {hoots  when 
they  are  broken  off  from  the  tree.  In  Ceylon 
the  juice  is  procured'  by  deep  incifions  in  the 
bark,  and  is  afterwards  infpiflated  by  the  heat 
of  the  fun  and  moulded  into  cakes  or  rolls. 
When  pure,  its  colour  is  a deep  rather  dull 
orange,  its  fradlure  is  conchoidal  and  fomewhat 


* Van  Mons’s  Journ:  de  Chim,  i,  p.  85.  or  Nicholfon’s  Journ.  8vo.  i.  p 236. 
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Aiming.  It  has  no  fmell  and  very  little  tafte, 
but  when  kept  in  the  mouth  for  fome  time  it 
gives  a flight  impreflion  of  acrimony.  If  ap- 
plied to  the  flame  of  a candle  it  melts  and  blazes, 
throwing  out  fparks  and  emitting  a denfe  black 
fmoak. 

Gamboge  is  not  properly  foluble  though  ex- 
tremely diffufible  in  water,  with  which  it  forms 
an  opake  yellow-coloured  infufion : by  palling 
the  liquor  through  a filter  fome  refin  is  detained, 
but  the  fluid  fl  ill  continues  coloured  and  turbid. 
Alcohol  is  a more  effe£tual  folvent  for  this  fub- 
ftance,  which  it  takes  up  in  large  quantity  and 
forms  a clear  gold-coloured  fluid : on  the  ad- 
dition of  water  the  alcoholic  folution  becomes 
turbid  like  the  watery  infufion.  Of  16  ounces 
of  gamboge,  water,  according  to  Neumann,  will 
take  up  13  ounces,  and  of  the  refidue  2 ounces 
are  foluble  in  alcohol:  of  an  equal  quantity  alco- 
hol will  firft  diflolve  14  ounces,  and  of  the  refidue 
one  ounce  is  foluble  in  water ; the  infoluble 
matter  in  both  cafes  amounting  to  T’T  of  the 
whole.  Both  the  fixed  alkalies  and  ammonia 
effe£t  almoft  a total  folution  of  gamboge,  pro- 
ducing a clear  liquor  of  a deep  and  rich  red 
brown  colour,  and  the  refiduum  being  pure 
gum  is  entirely  foluble  in  water.  The  addition 
of  an  acid  to  the  alkaline  folution  throws  down 
a copious  yellow  precipitate,  which  when  dried 
prefents  an  earthy  fracture,  is  difficultly  com- 
buftible  and  does  not  melt  like  the  pure  refin. 

Gamboge,  befides  its  medical  application,  is 
extenfively  ufed  as  a water  colour,  and  its  tinc- 
ture in  alcohol  is  one  of  the  ingredients  of  the 
gold  coloured  lacquer  with  which  mofl  of  the 
fmaller  articles  that  are  made  of  brafs  are  over- 
laid : it  is  alfo  employed  by  the  inlayer  and 
cabinet-maker  to  ftain  white  woods  in  imitation 
of  box,  &c.  See  the  article  Varnish. 

GARNET.  a Grenat,  Fr.  Granat , Germ. 

The  colour  of  garnet  is  blood  or  cherry  red ; 
when  mixed  with  blue  it  paffes  into  crimfon 
and  violet  red,  and  when  tinged  with  yellow 
into  hyacinth  red  ; it  is  alfo  met  with  of  a red- 
diffi  brown  colour,  liver  brown  and  black,  alfo 
greeniffi-yellow,  greenilh-brown,  and  greenifh- 
black.  It  occurs  in  mafs,  diffeminated,  in  an- 
gular fragments,  or  cryftallized.  Its  primitive 
figure  is  the  rhomboidal  dodecahedron,  which 
when  fomewhat  lengthened  prefents  the  appear- 
ance of  a fhort  fix-fided  prifm,  the  faces  of 
which  are  parallelograms  terminated  by  trihedral  ' 
fummits  with  rhomboidal  faces.  Sometimes 
the  original  faces  of  the  dodecahedron  entirely 

* Emmerjing,  Hauy,  Brochant,  Jamefon. 
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difappear,  and  the  refult  is  a folid  bounded  by 
24  equal  and  fimilar  trapeziums.  Sometimes 
all  the  fides  of  the  primitive  dodecahedron  are 
replaced  by  lengthened  hexagons,  whence  refults 
a folid  bounded  by  12  rhombs  and  24  hexagons. 
Other  more  complicated  figures,  but  which 
cannot  be  rendered  intelligible  by  mere  defcrip- 
tion,  originate  from  the  mixture  of  the  two 
preceding  modifications.  The  fize  of  the  cryf- 
tals  is  fubjeft  to  great  variations;  fome  are  no 
larger  than  a pin’s  head,  while  others  are  four 
inches  or  more  in  diameter.  The  external  luf- 
tre  is  cafual  but  generally  gliftening ; the  inter- 
nal lullre  is  bright-ffiining,  vitreous.  Its  frac- 
ture is  perfectly  conchoidal  palling  into  imper- 
fectly conchoidal,  coarfe  grained  uneven,  or 
fplintery.  Its  fragments  are  indeterminately 
angular  and  lharp-edgqd.  It  fometimes  occurs 
in  granular  or  lamellar  diftincT  concretions.  It 
varies  from  tranfparent  to  tranflucent  on  the 
edges.  Its  hardnefs  is  fuperior  to  that  of  quartz. 
Sp.  gr.  3.7  to  4.2. 

It  is  often  magnetic,  and  is  fufible  without 
much  difficulty  before  the  blowpipe  into  a black 
enamel.  When  ftrongly  heated  in  a charcoal 
crucible  it  affords  a grey  dulky  glafs  full  of 
grains  of  iron,  often  amounting  to  1 o or  12  per 
cent. 

This  mineral  has  been  repeatedly  analyzed 
by  Klaproth,  Vauquelin,  and  other  able  chemifts, 
but  without  much  agreement  in  the  refults;  and 
as  in  general  the  fame  method  of  analyfis  has 
been  adopted,  the  remarkable  differences  which 
have  occurred  can  only  be  attributed  to  a real 
variation  in  its  compofition : they  all  agree 
however  that  it  contains  a large  proportion  of 
iron,  and  poffibly  this  ingredient  may  be  the 
one  which  principally  influences  its  cryftalli- 
zation. 

The  Bohemian  garnet  has  been  analyfed  by 
Klaproth  b and  Vauquelin,  c with  the  following 
refults. 


Klapr. 

Vauq. 

Oxyd  of  iron  - - 

16.5 

— 41. 

Oxyd  of  manganefe 

0.25 

— 0. 

Silex  - - - - 

40. 

— 3 6- 

Alumine  - - - 

28.5 

— 22. 

Lime  - - - - 

3-5 

— 3. 

Magnefia  - - - 

10. 

— 0. 

98.75 

102. 

The  Sirian  garnet,  according  to  Klaproth, 
contains 

b Analyt,  Efs.  1.  p.  335.. 
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Oxyd  of  iron 
Oxyd  of  manganefe 

Silex  - - - - 

Alumine  - - - 


36- 

0.25 

35-7? 

27.25 


99.25 

Befides  the  above  the  following  analyfes  of 
garnets  have  been  made  by  Vauquelin. 


Black  G. 
from  Pic 
d’Ereflids. 

Oxyd  of  iron  1 6.  — 

Silex  - - 43.  — 

Alumine  -16.  — 

Lime  - - 20.  — 


Red  G. 

Yellowifh 

from 

amorph.G. 

ditto. 

from  Corftca, 

*7- 

— IO. 

52. 

- 38. 

20. 

— 20. 

7-7 

— 31- 

95;  96- 7 99- 

The  moll  beautiful  and  valuable  garnets  are 
the  oriental.  They  come  principally  from  Pegu ; 
and  the  town  of  Sirian  having  been  formerly 
the  chief  mart  for  them,  they  are  hence  by  cor- 
ruption known  among  lapidaries  by  the  appel- 
lation Syrian  garnets.  They  appear  to  be  the 
Carbuncle  of  the  ancients : their  colour  is  crim- 
fon  verging  into  a very  red  violet ; they  are 
tranfparent  and  have  a conchoidal  fra&ure  : of 
their  geological  fituation  we  are  entirely  igno- 
rant. 

Next  in  eftimation  to  the  oriental  is  the  Bo- 
hemian garnet  (Pyrop  of  Werner).  It  is  met 
with  in  the  Mittelgebirge  of  Bohemia  and  in 
Saxony : its  colour  is  blood-red  verging  into 
yellow  : it  never  occurs  cryftallized  but  only  in 
rounded  and  angular  grains  : it  is  tranfparent ; 
its  fra&ure  is  conchoidal.  It  occurs  in  floetz- 
trap  and  in  alluvial  land,  formed  by  the  decom- 
pofition  of  this  clafs  of  mountains ; it  is  alfo 
met  with  in  ferpentine. 

Common  garnet  occurs  almoft  always  in  pri- 
mitive rocks,  efpecially  in  micaceous  fchiftus, 
chloritic  Hate  and  ferpentine  : it  is  fometimes 
fo  abundant  as  to  conftitute  the  principal  part 
of  the  rocky  mafs  in  which  it  is  found,  which  is 
then  an  excellent  flux  for  iron  ores  on  account 
of  its  fufibility  and  the  large  quantity  of  this 
metal  which  it  contains. 

The  Oriental  and  Bohemian  garnets  when 
cut  and  poiiflied  are  very  beautiful,  and  were 
formerly  (particularly  the  firft)  in  high  efti- 
mation, but  by  the  caprice  of  fafhion  their 
employment  and  confequently  their  value  has 
of  late  very  much  declined. 

GARNET  (black).  See  Melanite. 

GARNET  (white).  See  Leucite. 

GAS.  The  term  gas,  in  chemiftry  fynoni- 
mous  with  air,  is  employed  to  fignify  any 


invifible  elaftic  aeriform  fluid,  permanent  at  the 
common  temperature  of  the  atmofphere,  and 
(with  the  Angle  exception  of  the  oxymuriatic 
acid  gas)  not  condenfible  by  any  known  degree 
of  cold  natural  or  artificial.  The  difcovery  of 
the  exiftence  and  properties  of  the  gafles  is  the 
peculiar  ftrength  and  boaft  of  modern  chemiftry, 
and  in  fa£t  this  branch  of  the  fcience  may  be 
faid  to  be  created  by  the  multiplied  and  ingeni- 
ous labours  of  chemifts  ftill  living  or  lately 
dead,  fuch  as  Prieftley,  Scheele,  Cavendifh, 
Lavoifier,  Berthollet,  and  others. 

The  chemical  defcription  of  the  various  gafles 
will  be  found  in  their  refpetftive-  places,  but  a 
fummary  view  of  them,  and  fome  of  their  cha- 
ratfteriftic  properties  may  be  given  here,  together 
with  fome  other  general  properties,  and  in  par- 
ticular the  methods  employed  in  analyfis  of  efti- 
mating  truly  their  a£lual  quantities,  in  which 
more  precautions  are  required  than  in  exa- 
mining  any  other  clafs  of  natural  bodies. 

Strictly  fpeaking,  every  gas,  however  Ample 
in  its  nature,  is  a compound  of  the  balls  of  the 
gas,  and  of  that  additional  quantity  of  caloric 
which  is  required  to  enable  it  to  afliime  the 
gafleous  form,  and  it  is  fometimes  of  confe- 
quence  to  confider  the  latter  as  diftin£t  from 
that  other  portion  of  caloric  which  mult  of 
courfe  be  combined  with  the  balls  without 
inducing  any  change  of  form. 

Thus  muriatic  acid  gas  is  compofed  of  the 
hitherto  undecompofed  fubftance  of  muriatic' 
acid,  (which,  like  every  other  body  in  nature, 
has  its  natural  inherent  portion  of  caloric,)  and 
alfo  of  that  additional  quantity  of  caloric  which 
conftitutes  it  a gas.  Hence  when  this  gas  is" 
palled  through  water,  the  acid  combines  with  it, 
lofes  its  gafleous  form  and  becomes  liquid,  and 
the  caloric  thereby  fet  at  liberty  very  fenfibly 
raifes  the  temperature  of  the  water. 

It  is  therefore  an  inaccuracy  of  terms  though 
very  commonly  ufed  to  fpeak  of  the  combina- 
tions of  gafleous  bodies  with  folids  or  fluids 
inftead  of  the  bafes  of  thefe  gafles,  as  where  a 
metal  is  faid  to  be  oxidated  by  union  with 
oxygen  gas,  inftead  of  oxygen  the  balls  of  this 
gas  ; or  where  water  is  faid  to  hold  in  folution 
carbonic  acid  gas  inftead  of  carbonic  acid.  This 
inaccuracy  particularly  arifes  from  the  circum- 
ftance  that  we  can  never  exhibit  thefe  fubftances, 
fuch  as  oxygen,  hydrogen,  or  azot,  in  any  form 
more  Ample  than  that  of  a gas,  in  which  is  com- 
bined only  with  an  excefs  of  caloric. 

The  following  are  the  gafles  at  prefent 
known,  with  fome  of  the  leading  characters  by 
which  they  are  diftinguiflied  in  analyfis. 
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Oxygen  Gas  is  fparingly  abforbed  by  water, 
fupports  flame  and  combuition  in  an  eminent 
degree,  is  analyzed  by  nitrous  gas,  which  it  con- 
verts totally  into  nitric  acid ; is  abforbed  by 
the  combuition  of  phofphorus,  and  by  the  ful- 
phurets. 

Azotic  Gas  is  hardly  ablbrbed  by  water,  ex- 
tinguilhes  flame,  diflolves  phofphorus,  becoming 
thereby  enlarged  about  of  its  bulk,  and  then 
is  luminous  on  the  admiflion  of  common  air  or 
oxygen — when  combined  with  oxygen  by  the 
eledtric  fpark  produces  nitric  acid. 

Carbonic  Acid  Gas  is  readily  abforbed  by  about 
its  own  bulk  of  water,  and  in  much  greater 
quantity  by  lime,  barytic,  or  Hrontian  water,  or 
by  all  the  alkalies  when  pure  or  only  partially 
carbonated — gives  a white  precipitate  with  the 
folutions  of  the  above-mentioned  earths,  which 
it  rediflolves  if  it  is  in  excefs,  and  which  is 
foluble  in  any  other  acid  with  effervefcence. 

Carbonous  Oxyd  Gas  is  fcarcely  abforbed  by 
water,  is  but  little  lighter  than  common  air,  burns 
in  air  with  a large  white  flame,  and  produces 
by  its  combuition  only  carbonic  acid  gas. 

Hydrogen  Gas  is  fcarcely  abforbed  by  water,  is 
remarkably  light,  when  kindled  burns  gradually 
at  the  point  of  contadt  with  common  air  or 
oxygen  with  a faint  blue  flame  without  fmoke  ; 
or  when  previoully  mixed  with  common  air  or 
Hill  more  with  oxygen,  and  kindled,  burns  in- 
flantly  with  a violent  explofion,  and  in  both 
cafes  with  the  produdtion  of  much  moilture — 
diflolves  l'ulphur,  phofphorus,  carbon,  and  fome 
of  the  metals,  forming  gafles,  which  partake  of 
the  properties  of  each  of  their  conftituents, 
fuch  as, 

Sulphuretted  Hydrogen  Gas,  which  has  a Itrong 
and  fetid  fmell,  is  readily  abforbed  by  water, 
burns  with  a greenifh-blue  flame,  readily  blackens 
the  colourlefs  folutions  or  white  oxyds  of  many 
metals,  particularly  lead,  filver,  mercury,  iron, 
and  bifmuth,  when  in  folution  with  water  is  de- 
compofed  by  nitric  acid  and  depofits  its  fulphur. 

Carburetted  Hydrogen  Gas  has  a ftrong  peculiar 
fmell,  is  lighter  than  common  air,  little  abforbed 
by  water,  burns  in  air  with  a white-blue  flame 
and  much  fmoke,  and  the  produdtion  both  of 
carbonic  acid  and  water. 

Olefiant  Gas  refembles  the  latter  in  many  of 
its  properties,  but  is  diftinguifiied  by  generating 
an  oil  when  mixed  with  oxymuriatic  acid  gas. 

Arfenicated  Hydrogen  Gas  refembles  pure  hy- 
drogen in  molt  of  its  properties,  but  has  a pe- 
culiar and  molt  offenfive  fmell,  and  depofits 
arfenic  by  Handing,  and  produces  arfenic  acid 
by  combuition  with  oxymuriatic  acid. 


Phofphuretted  Hydrogen  Gas  is  abforbed  by 
water,  has  a fetid  and  charadteriftic  fmell,  burns 
fpontaneoufly  with  a flight  explofion  at  the 
common  temperature,  as  foon  as  in  contadl 
with  oxygen  or  common  air. 

Ammoniacal  Gas  is  abforbed  inflantly  and 
abundantly  by  water  and  moll  other  fluids, 
has  a peculiar  and  molt  pungent  fmell,  forms 
neutral  ammoniacal  falts  with  all  the  acids,  pro- 
duces denfe  white  fumes  around  any  fubltance 
moiltened  with  muriatic  acid,  or  particularly 
when  mixed  with  muriatic  acid  gas. 

Sulphureous  Acid  Gas  has  the  peculiar  fmell 
of  burning  fulphur,  is  abforbed  inftantly  and 
abundantly  by  water,  firlt  reddens  and  then 
deltroys  many  vegetable  colours,  and  diflolved 
in  water  forms  the  liquid  fulphureous  acid. 

Muriatic  Acid  Gas,  though  invifibie  by  itfelf, 
forms  white  vapours  when  in  contadt  with  air, 
has  a pungent  fmell  and  excites  violent  coughing, 
is  copioufly  abforbed  by  water,  giving  out  much 
fenfible  heat  thereby,  and  then  forms  the  com- 
mon liquid  muriatic  acid,  gives  denfe  white 
fumes  with  ammoniacal  gas,  or  the  mere  proxi- 
mity of  liquid  ammonia. 

Oxymuriatic  Acid  Gas  has  a very  peculiar  and 
very  fufFocating  fmell,  is  abforbed  by  water  in  a 
moderate  degree,  and  when  to  fuperfaturation, 
cryftallizes  in  part  on  cooling,  in  thin  plates; 
when  unmixed  with  muriatic  gas  it  deltroys  vege- 
table colours  without  previoully  reddening  them, 
ignites  fpontaneoufly  many  of  the  metals  and 
metallic  fulphurets,  fuch  as  arfenic,  antimony, 
orpiment,  and  zinc,  when  added  to  it  in  fine 
powder;  diflolved  in  water  it  forms  a liquid  of  an 
acerb  but  not  acid  tafte  which  adts  on  gold  and 
platina. 

Fluoric  Acid  Gas  refembles  the  muriatic  but 
gives  a precipitate  with  lime-water,  and  when 
prepared  in  a glafs  vefl'el  corrodes  it,  and,  being 
then  received  in  water,  is  copioufly  abforbed  by 
it,  each  bubble  leaving  a Angular  depofition  of 
a filiceous  film  in  delicate  cylindrical  tubes. 

Nitrous  Gas  is  fcarcely  at  all  abforbed  by 
water,  but  when  Handing  over  this  fluid  gives 
copious  red  fumes,  on  admitting  common  air, 
and  efpecially  oxygen  gas,  and  is  by  the  latter 
totally  converted  into  nitric  acid  which  is  then 
abforbed  by  the  water.  Nitrous  gas  is  copioufly 
abforbed  by  the  green  fulphat  or  muriat  of  iron, 
producing  an  olive-brown  liquor  which  imme- 
diately abforbs  oxygen  from  any  air  with  which 
it  is  mixed. 

Nitrous  Oxyd  Gas  refembles  oxygen  in  emi- 
nently fupporting  and  encreafing  combuition  in 
moH  cafes,  but  extinguilhes  fulphur  when  in 
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feeble  combuftion;  is  abforbed  in  a confiderable 
proportion  by  water,  and  undergoes  no  dimi- 
nution when  mixed  with  nitrous  gas. 

To  this  lift  of  the  known  gaffes  feveral  modi- 
fications of  fome  of  the  fpecies  might  perhaps 
be  added,  particularly  thofe  in  which  ether 
enters  as  a conftituent  part,  iuch  as  the  ether- 
ized nitrous  gas  and  others.  It  is  ftill  not 
quite  determined  whether  at.rwfpheric  air  fhould 
be  confidered  as  a peculiar  chemical  compound, 
or  a fimple  mixture,  and  therefore  imitable  by 
the  mere  combination  of  azot  oxygen  and  car- 
bonic acid  in  the  due  proportions. 

* * 

The  abforption  of  the  different  gaffes  by 
water  is  attended  with  fome  circumftances 
worthy  of  remark.  With  the  eafily  abforbable 
gaffes  the  abforption  is  much  affedded  both  by 
the  purity  of  the  air  employed,  and  by  its  addual 
quantity  proportional  to  that  of  the  water.  Thus 
according  to  Mr.  W.  Henry’s  experiments,  3 
if  20  meafures  of  carbonic  acid  be  agitated  with 
io  of  water  at  550  temperature,  at  leaft  10 
meafures  will  be  abforbed,  but  if  the  20  mea- 
fures be  previoufly  mixed  with  10  of  common 
air,  only  6 will  be  abforbed.  On  the  other  hand 
water  agitated  with  twice  its  bulk  of  carbonic 
acid  gas,  will  (other  things  being  alike)  take  up 
more  of  the  gas  than  with  a lefs  quantity, 
though  ftill  more  than  will  faturate  the  water. 
The  reafon  of  thefe  two  fadds  appears  to  be  the 
affinity  which  exifts  between  carbonic  acid  gas 
and  common  air,  and  which  oppofes  the  abforb- 
ing  action  of  water,  fince  this  fluid  will  always 
abforb  the  carbonic  acid  in  preference  to  the 
common  air,  and  in  fo  doing  therefore  will 
break  the  union  between  the  two  •,  and  indeed 
when  the  water  previoufly  contains  common 
air,  the  add  of  abforption  of  carbonic  acid  will 
expell  this  common  air  by  fuperior  affinity. 
Hence  the  well-known  law  of  affinity  comes 
here  into  addion,  namely,  that  the  decompo- 
fition  of  two  bodies  by  the  fuperior  affinity  of  a 
third,  is  conftantly  becoming  more  and  more 
difficult  as  the  relative  proportion  of  the  two 
firft  becomes  more  unequal,  and  often  ceafes 
altogether  before  the  decompofition  is  compleat. 
Of  this  there  are  numerous  inftances  in  che- 
miftry,  that  is,  where  a large  proportional  mafs 
of  one  fubftance  will  protedd  a fmall  portion  of 
another  with  which  it  is  united,  from  the  de- 
compofing  addion  of  a third,  however  fuperior 
its  real  chemical  affinity  may  be.  Therefore  in 
the  above  inftance  common  air  adheres  to  car- 
bonic acid  gas  by  a confiderable  affinity,  which 
-the  fuperior  affinity  of  water  can  break  only 


partially,  and  there  is  a certain  point  in  which 
the  proportion  of  the  common  air  is  fo  great 
compared  with  the  carbonic  acid,  as  entirely  to 
prevent  the  further  feparation  of  the  two  by  the 
abforbing  power  of  water.  The  addition  of  a 
quantity  of  common  air  to  the  carbonic  acid 
will  therefore  obvioufly  diminiffi  the  abforption 
of  the  latter ; and  on  the  other  hand  a large 
bulk  of  carbonic  acid  gas  (which  always  con- 
tains fome  little  impurity  of  common  air)  will 
afford  a larger  abforption  to  the  water  than  a 
fmaller  bulk,  as  the  mixed  gaffes  can  in  the 
former  inftance  fpare  a larger  quantity  of  pure 
carbonic  acid  before  the  mixed  refidue  arrives  at 
the  undecompofable  proportions,  than  in  the 
latter.  This  counteradding  affinity  of  carbonic 
acid  gas  and  common  air,  is  ftrikingly  illuftrated 
by  an  obfervation  of  Dr.  Brownrigg,  who  ob- 
ferves  with  fome  furprize  that  though  the  natu- 
ral Spa  water  (which  is  chiefly  a ftrong  folution 
of  carbonic  acid  in  water)  violently  bubbles  and 
lofes  its  condenfed  carbonic  acid  when  in  free 
contadd  with  the  atmofphere,  this  is  not  merely- 
owing  to  the  removal  of  mechanical  preffure 
from  the  furface  of  the  water  (either  naturally 
when  the  fpring  burfts  out  into  day,  or  arti- 
ficially, by  drawing  the  cork  of  the  bottle  in 
which  it  is  confined)  fince  when  an  empty 
bladder  quite  air-tight  is  attached  to  a bottle 
containing  the  water,  no  gas  flies  up  into  the 
bladder  though  all  mechanical  preffure  is  re- 
moved by  this  contrivance.  It  is  therefore  the 
contadd  of  atmofpherical  air  that  caufes  the 
efcape  of  the  carbonic  acid,  owing  to  the  ftrong 
affinity  exifting  between  the  two  gaffes,  and  as 
the  bulk  of  the  atmofphere  is  immenfe,  the 
relative  proportions  between  it  and  the  carbonic 
acid  continue  the  moft  favourable  for  the 
ftrongeft  affinity,  both  as  to  the  comparative 
bulk  and  compofition  of  the  atmofphere. 

Temperature  alfo  much  affedds  the  abforption 
of  gaffes  by  water,  this  being  the  greateft  when 
the  temperature  is  the  loweft,  as  would  indeed 
be  expedded  owing  to  the  encreafed  elafticity, 
and  therefore  inaptitude  to  abforption,  which  is 
given  to  gaffes  by  adding  caloric.  At  a heat 
even  inferior  to  boiling  no  gas  can  be  combined 
with  water,  but  all  already  combined  are'  ex- 
pelled, a minute  portion  excepted,  which 
no  known  means  can  entirely  remove,  but  is 
perceptible  by  its  effedds.  The  gas  is  thus  ex- 
tricated from  any  mineral  water  to  be  examined 
Amply  by  boiling  the  water  for  about  a quarter 
of  an  hour  and  carefully  colledding  the  aeriform 
produdds. 

Preffure  is  another  circumftance  that  affedds 
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the  abforption  of  gaffes.  Mr.  Henry  found  by 
Sufficiently  accurate  experiments  that  under 
equal  circumllances  of  temperature,  water  takes 
up  in  all  cafes  the  fame  volume  of  condenfed 
gas  as  of  gas  under  ordinary  preffure.  Hence 
as  the  volume  of  any  gas  is  fimply  in  inverfe 
proportion  to  the  compreffmg  force,  the  quantity 
abforbable  under  any  circumllances  of  preffure 
is  readily  known  from  the  refult  of  experi- 
ments made  under  any  other  preffure. 

Thus  a preffure  equal  to  two  atmofpheres,  or 
about  58  inches  of  mercury,  on  a quantity  of 
gas,  will  caufe  juft  twice  as  much  in  weight 
to  be  abforbed  by  water  as  under  ordinary  pref- 
fure, and  hence  the  great  importance  of  ma- 
chinery for  giving  preffure,  in  the  different  ap- 
paratus employed  to  make  the  artificial  mineral 
waters. 

We  may  add  to  this  part  of  the  fubjeCl  the 
refults  of  Mr.  Henry’s  experiments  on  the  ab- 
forption of  many  of  the  gafl'es. 


One  hundred  cubic  inches  of  water  abforb,  of 


Temperature. 

cub.  inch. 

Carbonic  acid  gas  at 

55°  ~ 

108. 

Sulphuretted  Hydrogen 

6o°  — 

108. 

Nitrous  Oxyd  - - - 

6o°  — 

II- 

Nkrous Gas  - - - 

ditto  — 

S’ 

Oxygen  - - 

ditto  — - 

3-55 

Phofphuretted  Hydrogen  ditto  — 

2.14 

Carbonic  Oxyd  - - - 

ditto  — 

2.01 

Carburetted  Hydrogen 

ditto  — 

1.40 

Azotic  Gas  - - - 

ditto  — 

1.47 

Hydrogen  - - - - 

ditto  — 

i-53 

The  abforption  of  atmofpheric  air  cannot  be 
well  eftimated  as  it  is  partially  decompofed  by 
water,  the  oxygen  being  abforbed  in  preference 
to  the  azot. 

* , * * 

In  the  chemical  examination  of  gaffeous 
bodies,  efpecially  in  the  nicer  researches  of  de- 
composition, it  is  of  great  importance  to  exclude 
all  extraneous  bodies  and  particularly  moijlure. 
All  gaffes  probably  without  exception  are  capa- 
ble of  holding'  in  Solution  very  variable  quan- 
tities of  moifture,  and  as  this  latter  is  decom- 
posable into  oxygen  and  hydrogen  by  the  eleClric 
fpark  and  other  methods,  much  error  may  be 
induced  from  this  fource.  The  Hate  of  moifture 
or  drynefs  of  common  air  is  indicated  by  the 
hygrometer,  an  inftrument  the  ufe  of  which 
hardly  comes  under  the  province  of  chemiftry. 
So  eager  is  the  attraction  of  dry  air  for  moifture 
that  if  a quantity  be  fhaken  for  an  inftant  with 


a few  drops  of  water  in  a fmall  veffel,  it  almoft 
immediately  becomes  fo  far  Saturated  with  it  as 
ftrongly  to  affe£t  the  hygrometer. 

For  chemical  purpofes,  gaffes  are  rendered  of 
an  uniform,  at  leaft,  if  not  perfedt  ftate  of 
drynefs,  either  by  paffing  them  through  a heated 
tube,  or  better  by  expofing  within  them  fome 
fubftance  which  itfelf  ftrongly  attraCls  moifture. 
Several  of  thefe  are  ufed  apparently  with  equal 
effect.  A fmall  quantity  of  concentrated  Sul- 
phuric acid,  a piece  of  iufed  cauftic  potafh,  or 
Some  dry  powdered  muriat  of  lime,  will  all 
anfwer  the  fame  purpofe,  and  render  the  gas 
within  uniformly  dry  when  fuffered  to  remain 
in  contaCl  with  them  for  about  an  hour. 

* * * # 

In  all  experiments  on  gafl'es,  it  is  neceffary  in 
order  to  give  comparable  refults,  to  pay  attention 
to  fome  circumllances  that  influence  their  appa- 
rent quantity  and  bulk.  Thefe  are,  the  Expan - 
fion  by  Heat,  and  confequent  contraction  by  cold, 
and  the  change  in  volume  produced  by  the 
degree  of  Preffure,  both  atmofpherical,  and  that 
which  is  often  occafioned  artificially  by  the 
mode  of  confining  the  gas  by  the  apparatus 
employed. 

I . Of  the  Expanfion  by  Heat. 

Gaffeous  bodies  expand  immediately  and  very 
largely  (comparatively  with  other  natural 
bodies)  by  any  addition  of  heat,  and  hence  they 
form  by  far  the  moll  delicate  material  for  ther- 
mometers, though  their  ufe  is  much  leffened 
by  the  counteracting  and  fuperadaed  effeCt  of 
preffure. 

Many  experiments  have  been  made  on  the 
expanfion  of  common  air  by  heat,  and  the  rate 
of  enlargement  has  been  given  with  confiderable 
variation.  But  the  accurate  experiments  of 
Dalton  in  England  and  Luffac  in  France,  are 
found  to  coincide  fo  clofely  and  were  both  con- 
ducted with  fuch  apparent  accuracy  that  we 
may  fafely  adopt  them  in  our  calculations. 

Mr.  Dalton b found  repeatedly  that  rooo 
parts  of  common  air  at  550  temperature  (dried 
by  the  contaCl  of  Sulphuric  acid,  and  under  un- 
varying atmofpherical  preffure)  expanded  to 
1321  parts  when  heated  from  this  point  to  21 2° 
in  a manometer  tube,  to  which  4 parts  mull  be 
added  for  the  correfponding  expanfion  of  the 
glafs,  and  hence  325  parts  are  the  increafe  upon 
1000,  by  157  degrees  of  heat,  carried  up  to  21 2°. 
This  therefore  gives  2.07  increafe  upon  icoo 
parts  of  air  by  the  addition  of  a Angle  degree 
of  heat,  from  550  to  21 2°.  The  expanfion 
however  appeared  to  be  not  quite  equal  for  equal 
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increments  of  heat,  through  the  whole  fcale ; 
for  it  was  found  to  be  167  parts  for  the  firft 
77-5-°  degrees  above  55°,  and  only  158  parts  for 
the  next  77-j-0,  and  the  fame  difference  obtained 
throughout, . fo  that  the  expanfion  appeared  to 
be  in  every  part  of  the  fcale  a gradually  dimi- 
nifhing  one  in  afcending.  This  difference  how- 
ever, Mr.  D.  fliews  to  be  probably  only  appa- 
rent, and  to  be  owing  to  the  circumftance  firft 
explained  by  M.  de  Luc,  namely,  that  liquids 
do  not  expand  quite  equally  for  equal  increments 
of  heat,  but  in  a ratio  always  increafing,  though 
flowly,  up  to  the  boiling  point  of  the  liquid. 
Hence  it  follows  that  the  thermometer  does 
not  meafure  quite  corre£Uy  equal  increments 
of  heat,  fo  that  the  expanfion  of  the  ther- 
mometrical  fluid  which  correfponds  with  ten 
degrees  (for  example)  on  the  top  of  the  fcale, 
really  indicates  a lefs  a&ual  addition  of  caloric, 
than  the  fame  number  of  degrees  lower  down 
in  the  fcale,  or  nearer  the  freezing  point. 
Therefore  the  firft  77^°  degrees  above  550  in- 
dicate an  aftual  greater  quantity  of  caloric 
than  the  fecond  77-5°,  which  will  account  for 
part  at  leaft  of  the  difference  of  actual  expanfion 
between  167  and  158.  However,  whilft  the 
thermometer  continues  to  be  ufed  as  a perfe£l 
meafure  of  equal  portions  of  heat,  the  flight  er- 
ror thus  induced  muft  be  allowed  for. 

In  making  experiments  on  the  fcale  of  ex- 
panfion of  any  gas,  the  mode  of  drying  with 
fulphuric  acid,  or  any  equally  good  way  muft 
be  particularly  obferved  in  the  colder  tempera- 
tures, otherwife  the  confequent  precipitation  of 
moifture  fufpended  in  the  gas  would  further  em- 
barrafs  and  miflead  the  operator. 

The  experiments  of  M.  Luffac  b coincide  in 
a moft  fatisfa&ory  way  with  thofe  of  Mr.  Dal- 
ton, and  explain  the  reafon  of  many  of  the  ano- 
malies in  the  refults  of  the  obfervations  of  other 
philofophers.  By  an  ingenious  apparatus  M. 
Luffac  found  that  100  parts  of  common  dry 
air  at  the  freezing  point,  expanded  by  the  heat 
of  boiling  water  to  137.5  (taking  the  mean  of 
fix  fucceffive  experiments,  in  wrhich  the  greateft 
refult  was  137.61,  and  the  lowed  137.40). 
This  therefore  would  give  an  increafe  of  37.5 
upon  100  for  180  degrees,  or  0.209,  nearly, 
upon  100  for  every  fingle  degree  of  heat  from 
320  to  2120,  fuppofing  the  thermometrical  fcale 
meafured  exactly  equal  increments  of  heat 
throughout. 

Mr.  Dalton’s  experiments  gave  an  increafe  of 
32.5  parts  upon  100  for  the  157  degrees  be- 
tween 550  and  212°  which  (extended  to  180 
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degrees  by  fimple  proportion)  would  give  an 
increafe  of  37.26  parts  for  i8o°or  .207  upon 
100  for  every  fingle  degree.  But  on  account 
of  the  flowly  increafing  i-atio  of  expanfion  of 
all  fluids  in  proceeding  towards  the  top  of  the 
fcale  of  heat,  it  muft  follow  that  in  bringing 
Mr.  Dalton’s  experiments  to  a comparifon  with 
the  other  by  extending  the  proportion  from 
550  down  to  320,  it  is  thereby  rated  fomewhat 
too  low,  which  brings  the  two  refults  ftill 
nearer.  We  may  therefore  take  the  following 
as  an  average  (fetting  out  of  the  queftion  the 
fmall  inequality  of  expanfion,  which  is  very 
feldom  of  any  pradfical  importance)  namely, 
that  100  parts  of  common  air  gain  .208  of  bulk, 
or  about  by  the  addition  of  every  degree  of 
heat  in  all  the  ordinary  temperatures  at  which 
experiments  are  made. 

Both  the  above  experimenters  alfo  found  that 
the  expanfion  of  the  other  gafles  was  the  fame 
as  that  of  common  air,  the  flight  differences 
being  fairly  attributed  to  the  difficulty  of  con- 
ducing fuch  nice  experiments  with  perfeC  uni- 
formity. Mr.  Dalton  found  this  refult  with 
hydrogen,  carbonic  acid,  oxygen  and  nitrous 
gafles.  M.  Luffac  with  the  above  and  with 
azot.  With  regard  to  the  quantity  of  moifture 
in  air,  it  appears  that  this  only  affeCs  the 
uniformity  of  expanfion  when  the  temperature 
is  fo  low  that  a part  of  it  is  precipitated,  for 
when  in  compleat  folution  in  the  air,  it  aCs  only 
like  any  other  gas  with  regard  to  the  circum- 
ftance of  expanfion. 

In  giving  the  volume  of  gafles  they  are  ge- 
nerally underftood  in  this  country  to  be  at  the 
temperature  of  6o°,  and  therefore,  from  what 
has  been  above-mentioned,  when  above  or  be- 
low this  point  the  neceflary  corrections  ffiould 
be  made,  allowing  an  increafe  of  bulk,  or  vice 
vcrfay  of  .208  upon  100  parts  for  every  degree 
of  temperature  in  which  it  exceeds  or  falls  fhort 
of  this  point.  Thus  a gas  which  occupies  30 
cubic  inches  at  50°  muft  be  reckoned  as  equal 
to  30,624  at  6o°,  for  100  inches  increafe  to 
102.08  by  10  degrees  of  heat,  and  100  : 102.08 
1:30:  30.624.  Therefore  alfo  in  operating  in 
fmall  quantities,  fuch  as  a few  cubic  inches 
only,  it  will  often  happen  that  no  very  great 
practical  error  can  arile  from  flight  differences 
in  temperature,  fince  2 cubic  inches  (or  above 
an  ounce  in  meafure)  of  gas,  will  not  expand 
by  the  addition  of  2 degrees  of  heat  quite  of 
an  inch,  which  is  generally  the  leaft  quantity  in- 
dicated by  any  graduated  veflel  that  chemifts 
employ. 
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2.  Of  Preffure. 

The  next  circumftance  to  be  confidered  as 
afFefting  the  volume  of  gaffes  is  the  preflure  to 
which  they  are  expofed,  for,  being  elaftic  bo- 
dies, their  bulk  of  courfe  mult  be  lefl'ened  by  in- 
creafed  preflure,  and  vice  verfa.  Gaffes  are  al- 
moft  always  in  different  experiments  expofed 
entirely  or  partially  to  the  atmofpheric  preffure, 
modified  by  the  artificial  preflure  ariflng  from 
the  height  of  the  column  of  liquid  by  which 
they  are  confined. 

The  allowance  to  be  made  for  preffure  is  per- 
fectly fimple,  as  it  has  been  fully  afcertained 
that  the  diminution  of  the  bulk  of  a gas  is 
in  direct  proportion  to  the  compreffing  force. 
Thus  if  four  cubic  inches  of  air  taken  when 
the  barometer  is  at  28  inches,  is  confined  in  a 
bent  fyphon  tube  clofed  at  one  end,  and  a co- 
lumn of  28  inches  in  height  of  mercury  is 
poured  in,  the  confined  air  will  be  diminifhed 
one  half  in  bulk,  and  will  be  only  2 cubic 
inches,  as  it  is  now  expofed  to  double  the  at- 
mofpherical  preflure.  Thus  in  every  inflance 
the  bulk  of  the  air  is  inverfely  as  the  preflure, 
and  therefore,  for  example,  a quantity  of  gas 
which  occupies  100  cubic  inches  when  the 
barometer  is  at  29.4  inches  will  be  reduced  to 
q 8 inches,  when  the  barometer  is  30  inches, 
for  100  is_to  98,  inverfely  as  29.4  to  30,  or 
directly  as  30  : 29.4.  No  uniform  ftandard  of 
barometer  is  adopted  in  the  regifter  of  chemical 
experiments  as  that  of  6o°is  of  the  thermometer. 
In  general  however  either  30  or  29.5  inches  of 
the  former  are  ehofen,  the  average  preffure  being 
ufually  between  thefe  two  numbers. 

An  artificial  diminution  of  barometrical  pref- 
fure is  produced  when  a quantity  of  air  is  con- 
fined over  a column  of  liquid,  particularly  mer- 
cury, the  level  of  which  within  the  jar  is 
higher  than  the  level  of  the  mercury  without. 
In  this  cafe  the  confined  air  occupies  a larger 
fpace  than  it  would,  were  the  mercury  within 
and  without  upon  a level  ; becaufe  the  weight 
of  the  air  is  net  counterbalanced  entirely  by  the 
elafticity  of  the  air  within  the  jar,  but  is  partly 
counterbalanced  by  the  weight  of  fo  much  of 
the  mercury  within  as  is  above  the  level  of 
that  without. 

This  circumftance  if  not  attended  to  (which 
there  is  reafon  to  fuppofe  too  often  happens)  is 
particularly  liable  to  give  a falfe  idea  of  the  na- 
ture of  the  gas  in  analyfis  as  generally  con- 
ducted. For  fuppofing  when  the  barometer 
is  at  30.  a quantity  of  gas  is  expelled  from  any 
mineral  water  (for  example)  by  heat,  and  is  re- 
ceived in  an  inverted  jar  full  of  mercury,  and 


ftanding  over  the  fame  fluid,  if  the  jar  is  it 
inches  high,  and  only  the  6 upper  inches  of 
mercury  are  difplaced  by  the  gas,  the  latter  will 
then  be  fuperincumbent  on  a column  of  mer- 
cury 5 inches  above  the  level  of  the  fluid  on 
the  outfide.  It  will  then  appear  as  if  6 inches 
of  gas  at  30  bar.  have  been  procured,  but  this 
will  exceed  the  true  amount  exactly  in  the  pro- 
portion that  30  exceeds  30 — 5,  or  25,  the  ef- 
fect of  the  inner  column  of  5 inches  of  mer- 
cury being  to  counterpoife,  and  therefore  to 
annihilate,  an  equal  quantity  of  the  atmof- 
pherical  preflure,  fo  that  this  will  a£l  on  the 
inclofed  gas  with  a force  of  25  inches  in- 
ftead  of  30 ; therefore  the  true  amount  of  the 
gas  will  be  only  5 inches  inftead  of  6 ; for, 
30  : 30 — 5 (25)  : : 6 : 5.  If  now,  in  the  ufual 
courfe  of  analyfis,  fome  lime  water  is  let  up 
into  the  jar,  the  column  of  5 inches  of  mercury 
will  be  difplaced  by  the  afeending  lime-water, 
and  the  countera&ing  power  to  the  atmofpherical 
preflure  will  be  now  only  that  of  5 inches  of 
watery  fluid,  inftead  of  mercury,  that  is  to  fay, 
it  will  be  reduced  to  about  one-fourteenth  of 
its  former  power,  (mercury  being  14  times 
heavier  than  water)  and  hence  the  gas  within 
will  now  contract  to  nearly  its  natural  dimen- 
fions,  and  meafure  only  about  5 inches.  Thus 
therefore  an  apparent  abforption  of  nearly  one 
inch  of  the  gas  by  the  lime-water  will  be  pro- 
duced without  a particle  of  air  being  really  ab- 
forbed  ; and  if  at  the  fame  time  a portion  of 
carbonic  acid  is  prefent  (fuppofe  one  inch)  the 
lime-water  will  become  turbid  and  abforb  this 
latter,  and  the  refult  of  the  experiment  will  be 
6 inches  of  gas,  containing  2 of  carbonic  acid  ; 
inftead  of  5 inches,  containing  1 of  carbonic 
acid. 

This  fource  of  error  may  be  obviated  in  two 
ways,  that  is,  either  by  finking  the  jar  fo  deep 
into  the  mercury  that  the  fluid  within  fhall  be 
on  the  fame  level  with  that  without,  and  the 
other  by  making  the  neceflary  allowance  for  the 
diminilhed  preffure  on  the  fame  principle  that 
changes  of  common  barometrical  preflure  are 
eftimated.  The  former  way  is  the  beft  where 
it  is  practicable,  being  furer  and  not  requiring 
the  trouble  of  calculation.  Where  the  mer- 
curial bath  has  not  a well  deep  enough  to  fink 
a tall  jar  into  it,  and  where  the  gas  cannot  be 
conveniently  transferred  into  a fhorter  jar,  it 
will  not  be  difficult  to  remove  the  jar  holding 
the  gas  and  mercury,  into  another  jar  full  of  the 
fame  fluid,  and  juft  large  enough  to  admit  the 
former  to  be  funk  into  it  to  the  requifite  depth. 
In  operating  with  water  inftead  of  mercury  the 
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preflure  of  a column  of  a few  inches  as  already 
mentioned,  will  make  fo  fmall  a difference  that 
it  may  be  almoft  always  difregarded. 

But  where  it  is  impra£licable  to  bring  both 
furfaces  to  the  fame  level  the  requifite  cor- 
rection muff  be  made  in  the  following  man- 
ner: meafure  with  a ruler  the  perpendicular 
height  of  the  inner  column  of  mercury  above 
the  level  below,  and  find  what  proportion  it  bears 
to  the  height  of  the  barometer  at  that  time : 
then,  the  whole  barometrical  height  is  to 
the  fame  minus  the  height  of  the  inner  column  ; 
fo  is  the  number  of  cubic  inches  now  occupied 
by  the  gas,  to  the  true  number  under  the  entire 
atmofpherical  preffure.  For  example,  if  the 
height  of  the  inner  column  be  7 inches,  the 
barometer  28  inches,  and  the  volume  of  the  gas 
84  cubic  inches,  then  the  true  volume  will  be 
one-fourth  lefs,  or  63  cubic  inches,  (the  inner 
preflure  being  equal  to  and  counteracting  one- 
fourth  of  the  outer)  for. 28  : 28 — <7  (21)  : : 84  : 

63- 

Where. this  correction  is  made  in  jars  accu- 
rately cylindrical  and  graduated,  when  the  in- 
ner column  of  mercury  is  difplaced  by  water, 
the  height  to  which  the  latter  will  immediately 
rife  above  the  level  of  the  mercury  which  it  has 
difplaced,  will  be  feen  to  be  exaCtly  in  the 
fame  proportion  to  the  whole  height  of  the 
part  of  the  jar  firft  occupied  by  the  gas,  as  the 
diminution  of  bulk  is  to  the  entire  bulk  of  the 
gas  when  confined  by  the  mercury. 

In  all  thefe  operations  therefore  it  fhould  al- 
ways be  remembered  that  when  any  gas  is 
confined  by  an  elevated  column  of  mercury  a 
diminution  in  bulk  on  throwing  up  any  other 
liquid  does  not  neceflarily  imply  an  abforption 
by  that  liquid  till  the  requifite  allowance  has 
been  made  for  this  artificial  expanfion  of  the 
gas  which  the  Column  of  mercury  produces. 

We  may  conclude  this  article  with  one  ex- 
ample of  all  die  three  corrections  in  eftimating 
the  volume  of  gafles.  What  will  be  the  true 
volume  of  75  cubic  inches  of  gas  confined  in  a 
jar  by  a column  of  mercury  6 inches  above  the 
level  of  the  mercury  without  the  jar,  the  baro- 
meter being  30  inches  and  the  temperature  350 
when  brought  to  theflandard  of  29.5  bar.  and 
<5o°  therm.  ? 

Firfl  for  the  corre£lion  required  by  the  dif- 
ferent levels  of  the  mercury  without  and  within 
the  jar  we  have  the. 75  inches  reduced  to  60, 
for  30  : 30 — 6 (24)  : : 75  j 60.  Then  the  60 
cubic  inches  at  30  barometer  when  brought 
to  the  required  preflure  of  29.5  will  be  enlarged 
to  61.01,  for  29.5  : 30  : : 60  ; <5i.oi- 


Laflly,  for  the  25  degrees  of  encreafed  tem- 
perature, as  100  parts  gain  .208  by  each  degree 
they  would  gain  5.2  for  the  25  degrees,  and 
hence  the  60.01  would  gain  3.17;  for  roo  : 5.2 
: : 6r.oi  : 3.  17.  Therefore  the  61.01  cubic 
inches  at  350  will  be  encreafed  to  64.18  cubic 
inches  at  6o°,  fo  that  the  true  volume  of  the  75 
cubic  inches  under  all  the  circumftances  above 
mentioned,  will  be  64.18  at  29.5  barometer  aitd 
6o°  thermometer. 

The  methods  of  managing  experiments  on 
gaffeous  bodies  will  be  deferibed  in  the  Appen- 
dix of  Apparatus,  and  the  tells  of  the  particular 
gafles  and  the  methods  of  analyiis  will  be  found 
under  the  refpe£tive  articles. 

GASSEOUS  OXYD  OF  AZOT.  See  Ni- 
trous OXYD. 

GASSEOUS  OXYD  OF  CARBON.  See 
Carbonous  Oxyd. 

GAS-HOLDER.  An  article  of  chemical 
apparatus.  ( See  the  Appendix.) 

GASTRIC  JUICE. 

This  is  a thin  limpid  watery  fluid  fecreted 
into  the  ftomach  of  all  animals  and  appears 
to  be  the  chief  agent  in  the  converfion  of  food 
into  nutritive  matter  by  the  procefs  of  digellion. 

The  analvfis  of  this  fluid  has  excited  much 
of  the  attention  of  feveral  phyfiologills  as  being 
clofely  conneded  with  all  attempts  to  explain 
the  important  procefs  of  digellion,  but  with  no 
other  refult  than  to  Ihew  that  mere  chemical 
reafoning,  in  the.  prefent  Hate  of  knowledge,  is 
entirely  inadequate  to  the  purpofe,  the  gallric 
fluid  Ihewing  in  analyfis  no  important  or  pecu- 
liar fubftance  which  can  at  all  throw  any  light 
on  the  caufe  of  its  remarkable  properties. 

There  are  feveral  methods  of  colle£ling  this 
juice  in  greater  or  lefs  purity.  The  fimplell 
is  to  keep  the  animal  for  fome  time  falling, 
when  on  killing  it  a ccnfiderable  quantity  of 
gallric  juice  will  be  found  in  the  ftomach,  and 
which  probably  is  the  immediate  caufe  of  the 
fenfation  of  hunger.  In  this  manner  Spallan- 
zani' collected  a quart  of  the  juice  from  the 
ftomach  of  a fheep  kept  falling  for  two  days 
before  it  was  killed.  Another  method  is  to 
excite  vomiting  in  an  animal  kept  for  fome 
time-  falling,  when  the  liquor  eje£led  will  be 
chiefly  gallric  juice,  but  mixed  with  a little  bile 
anfl  faliva. 

Another  method  ufed  by  Re*}  mur  and  Spal- 
lanzani is  to  make  the  anin.ff  lwallow  final! 
dry  fponges  loofely  enclofed  in  perforated  hol- 
low metallic  balls  to  prevent  their  being 
fqueezed  by  the  mufcular  a<£lion  of  the  ftomach. 
"When  thefe  balls  are  eje&ed  after  being  fome 
3 n 2 
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hours  in  the  ftomach  the  fponges  are  foaked 
with  gaftric  juice  of  confiderable  purity. 

Notwithftanding  the  uniformity  in  the  effe£ls 
of  gaftric  juice  on  animal  and  vegetable  matter 
the  chemical  analyfis  fhews  a confiderable  va- 
riety in  the  number  and  proportion  of  the  in- 
gredients, but  on  the  whole  thefe  are  in  very 
fmall  proportion  to  the  mere  watery  part. 
Much  of  this  variety  may  depend  on  cafual 
admixture  with  the  other  animal  juices,  and 
the  fmall  portion  of  food  ftill  remaining  in  the 
ftomach,  which  probably  no  endurable  length  of 
falling  will  entirely  remove,  and  much  certainly 
depends  on  the  general  food  of  the  animal,  that 
is,  whether  habitually  carnivorous  or  herbivo- 
rous, or  made  fo  contrary  to  nature  by  artificial 
habit.  The  only  conftant  ingredients  of  gaftric 
juice  appear  to  be  muriatic  acid,  foda,  ammo- 
nia, and  phofphoric  acid  in  their  different  com- 
binations, and  a fmall  but  never  abfent  portion 
of  animal  etftr&£tive  matter,  the  whole  dif- 
folved  in  a very  large  portion  of  water.  It 
very  frequently  happens  that  this  liquor  fhews 
marks  of  acidity,  but  this  property  is  not  con- 
ftant, and  there  is  confiderable  reafon  to  fuppofe 
that  this  may  arife  from  cafual  admixture  with 
fome  acid  arifing  from  the  food  itfelf. 

This  liquid  is  remarkable  for  two  properties 
which  it  poffeffes  to  an  extreme  degree,  and 
which  feem  neceffary  to  the  fun£lion  of  digef- 
tion,  but  neverthelefs  cannot  be  accounted  for 
on  any  of  the  known  qualities  of  its  ingredients  : 
thefe  are  its  powers  of  coagulating  all  coagulable 
liquids,  and  its  antifeptic  power,  or  that  of  pre- 
venting the  putrid  fermentation  of  animal  matter, 
or  correcting  it  when  formed. 

Experiments  on  this  fubjeCl  belong  more  to 
phyfiology  than  pure  chemiftry,  but  it  may  be 
obferved  that  the  power  of  coagulation  of  fub- 
ftances  in  conta&  with  gaftric  juice  alfo  feems 
to  refide  in  the  ftomach  itfelf,  and  is  familiarly 
known  by  the  ufe  of  the  common  rennet  for 
feparating  the  curd  from  milk  in  cheefe-making, 
which  is  an  infufion  of  the  digefting  ftomach 
of  the  calf  in  fa'ted  water.  The  antifeptic 
power  of  the  gaftric  juice  is  ftrikingly  {hewn 
in  thofe  animals  (the  vulture  and  the  weafel 
for  example)  who  readily  devour  their  food  in 
the  molt  difgufting  ftate  of  putrefaction,  and 
in  whom  it  is  found  to  lofe  molt  of  its  pu- 
trefcency  aftecowmaining  a fhort  time  in  their 
ftomach.  The'  toaflric  juice  has  alfo  a fimilar 
power  out  of  the  body. 

The  aClual  analyfts  of  the  gaftric  juice  of  the 
fheep  is  thus  given  by  Macquart. a 


Twenty  ounces  yielded  77  grains  of  folid 
matter,  the  reft  being  mere  water. — Thefe  77 
grains  confifted  of 

M , , . . , grs- 


Phofphoric  acid  - - - - - 17 

Phofphat  of  lime  - - - - 5 

Muriat  of  ammonia  - - - 14. 

Muriat  of  foda  -----  29 

Albumen  ------  10 

Refinous  and  extractive  matter  2 


77 

Other  analyfes  {hew  a confiderable  variation 
in  the  ingredients,  which  are  of  themfelves  ut- 
terly incapable  of  explaining  the  effeCts  of  the 
liquor,  all  of  them  find  the  common  fait  to  be 
in  the  largeft  quantity,  and  phofphoric  acid 
either  naked  or  in  combination  to  be  conftantly 
prefent. 

G AZOMETER.  An  article  of  Chemical 
Apparatus.  ( See  the  Appendix.) 

GELATIN,  or  Animal  Jelly.  Gallerte 
Thierifche , Germ. 

This  is  a moft  abundant  principle  in  a vaft 
variety  of  the  parts  of  animals,  and  appears  to 
be  one  of  the  great  elementary  conftituents  of 
animal  organization.  Scarcely  any  organ  is 
without  it,  but  it  is  moft  abundantly  contained 
in  fkin,  in  moft  of  the  foft  and  white  part6,  in 
bone,  and  the  hard  bony  horns,  in  membrane 
of  all  kinds,  in  the  blood  in  fmall  quantity,  and 
alfo  in  fmall  proportion  as  the  natural  cement 
of  many  of  the  {hells. 

From  all  of  thefe  fubftances  gelatin  is  ex- 
tra£led  fimply  by  boiling  in  water  for  a greater 
or  lefs  time,  according  to  the  hardnefs  or  tough- 
nefs  of  the  fubftance  employed.  This  watery 
folution  is  tranfparent  and  colourlefs,  or  nearly 
fo,  and  when  gently  evaporated  to  a fmall  bulk 
and  fuffered  to  cool  it  gelatinizes , or  affumes  the 
confiftence  of  cohering,  extremely  flexible  and 
mobile,  foft,  tremulous  jelly,  fuch  as  is  known 
to  every  one  as  prepared  for  the  table. 

By  further  evaporation,  the  watery  folution 
of  gelatin  may  be  rendered  hard  and  brittle,  in 
a degree  partly  determined  by  the  degree  of 
evaporation,  and  partly  by  the  original  gelati- 
nizing force  of  the  fubftance  that  yields  it.  In 
this  ftate  it  forms  the  folid  carpenter’s  glue,  or 
of  lefs  ftiffnefs  the  different  kinds  of  fize  ufed 
as  cements  in  fo  many  of  the  arts.  The  pre- 
paration of  thefe  will  be  defcribed  after  men- 
tioning the  chemical  properties  common  to  pure 
gelatin  of  every  defcription. ' 


s Phyf,  torn,  5,  Johnfon’s  Animal  Ch^m, 
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Chemiftry  is  indebted  to  Mr.  Hatchett  for  a 
moil:  valuable  feries  of  experiments  on  gelatin, 
and  fubllances  yielding  it,  in  which  many  im- 
portant and  chara&eriftic  chemical  diftindlions 
are  pointed  out.  a 

In  all  cafes  this  fubftance  when  pure  is  abfo- 
Iutely  infipid,  tranfparent,  and  nearly  colourlefs, 
or  only  with  a (hade  of  yellow.  It  is  alfo  with- 
out fmell.  Dry  gelatin  when  thrown  into  water 
gradually  abforbs  it,  fwells  to  many  times  its 
original  bulk,  foftens,  and  becomes  extremely 
elaftic.  It  does  not  however  diflolve  therein  as 
long  as  it  remains  cold,  but  if  taken  out  and  put 
in  a very  warm  dry  air,  it  again  fhrinks,  and 
returns  nearly  to  its  former  confiftence.  But 
if  heat  is  applied  to  gelatin  thus  fwelled  by 
foaking  and  immerfed  in  more  water,  it  very 
fpeedily  dilfolves,  forming  a folution  exadlly 
refembling  in  chemical  qualities  the  original 
liquor  from  which  the  dry  gelatin  was  prepared, 
of  the  fame  denfity,  and  therefore  again  gelati- 
nous by  cooling.  It  is  therefore  an  inherent 
and  alfo  a very  chara&eriftic  property  of 
gelatin  to  be  foluble  in  water  and  recoverable 
from  the  folution  by  evaporation  unaltered,  for 
an  indefinite  number  of  times,  even  after  long 
application  of  a boiling  heat.  In  this  it  elfen- 
tially  differs  from  the  folution  of  albumen, 
which  coagulates  by  heat  and  does  not  again 
return  to  its  foluble  ftate. 

All  kinds  of  gelatin  are  foluble  in  all  the 
acids,  and  with  the  fame  comparative  readinefs 
with  which  they  yield  to  the  aftion  of  water. 
The  nitric  acid  acfts  with  particular  energy  on 
gelatin,  even  when  confiderably  dilute  and  in 
the  cold,  and  this  is  a very  convenient  method 
of  feparating  it  from  the  condenfed  albumen 
which  often  exifts  in  natural  combination  with 
it.  Thus  if  cartilage  is  immerfed  in  weak 
nitric  acid  and  allowed  to  remain  in  for  a day 
or  two,  all  the  gelatin  and  any  earthy  matter 
which  it  may  contain  gradually  dilfolves,  leaving 
a firmer  fubftance  retaining  the  original  fhape 
of  the  cartilage,  which  the  acid  when  dilute  will 
not  touch.  The  nitric  folution  of  gelatin 
(of  ifinglafs  for  example)  is  of  a pale  yellow 
deepening  by  evaporation.  When  much  con- 
centrated the  acid  which  at  firft  appears  to  a<ft 
merely  as  a folvent,  is  decompofed  by  the 
gelatin,  and  nitrous  gas  is  given  out,  fometimes 
attended  with  fparks  or  flame.  This  mutual 
decompofition  of  nitric  acid  and  gelatin  produces 
alfo  a quantity  of  the  oxalic  and  malic  acids, 
which  are  to  be  detected  in  the  liquor  if  the  con- 
centration has  not  proceeded  fo  far  as  again  to 
decompofe  thefe  new  products. 
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The  acid  folutions  of  gelatin  give  no  precipi- 
tate when  faturated  with  any  of  the  alkalies  or 
earths. 

The  muriatic  acid  dilfolves  gelatin  in  the  cold 
with  great  eafe,  and  like  the  nitric  feparates  it 
from  the  denfe  albumen  of  organized  bodies 
with  which  it  is  naturally  combined.  The  mu- 
riatic folution  may  be  kept  unchanged  for  many 
months. 

The  cauftic  fixed  alkalies  dilfolve  gelatin  with 
great  eafe,  forming  a brownilh  vifcid  fubftance, 
but  no  ammonia  is  given  out  during  the  folution. 
This  vifcid  alkaline  folution,  according  to  Mr. 
Hatchett,  does  not  polfefs  the  properties  of 
foap,  for  it  does  not  form  a permanent  lather 
when  lhaken  with  water,  nor  when  faturated 
with  acid  does  it  afford  any  precipitate.  This 
Mr.  H.  gives  as  a very  chara&eriftic  property, 
diftinguifhing  pure  gelatin  from  albumen,  fibrin, 
and  moft  other  foft  parts  of  animals,  all  of 
which  latter  form  a true  foap  with  alkalies,  that 
curdles  and  precipitates  on  figuration  with  an 
acid. 

Gelatin  is  infoluble  in  pure  alcohol,  and. 
when  this  fpirit  is  poured  into  a watery  folution 
of  gelatin,  the  mixture  becomes  milky  and  part 
of  its  gelatin  feparates  (as  takes  place  with  the 
vegetable  mucilages  and  alcohol)  but  unlefs  a 
very  large  quantity  of  fpirit  is  added  the  mix- 
ture again  becomes  clear. 

Gelatin  when  hard  and  dry  will  keep  for  a 
great  length  of  time  without  change,  but  when 
liquid  or  in  the  thin  gelatinous  ftate,  it  very 
foon  putrefies,  firft  growing  four  by  the  gene- 
ration of  acetic  acid,  then  mouldy  and  fetid, 
and  at  laft  exhaling  ammonia. 

When  dry  gelatin  is  ftrongly  heated,  it  curls 
up  and  becomes  puffy,  and  yields  an  oily  am- 
moniacal  liquor,  like  all  other  foft  parts  of  ani- 
mals. In  clofe  veffels  it  leaves  at  laft  a bulky 
foft  coal,  the  proportion  of  which  according  to 
Mr.  Hatchett,  is  56  grains  from  500  of  ifin- 
glafs. This  by  incineration  in  open  air  burns 
away  entirely,  except  1.5  gr.  of  earthy  refidue, 
which  appears  to  be  the  phofphats  of  foda  and 
lime.  The  quantity  of  earthy  and  faline  matter 
therefore  is  extremely  final  1 compared  with  that 
of  the  other  foft  parts. 

The  fame  chemift  has  alfo  obferved  a kind 
of  artificial  converfion  of  condenfed  albumen 
into  gelatin  by  long  digeftion  in  dilute  nitric 
acid,  the  albumen  thereby  becoming  perfectly 
foluble  in  water,  and  forming  a gelatinizing 
folution.  when  reduced  by  evaporation. 

The  extent  of  the  gelatinizing  power  of  the 
pure  gel  lies,  or  the  power  of  uniting  with  fa 
r.  voi.  90, 
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snich  water  as  flill  to  remain  a ftiiT  cohering 
mafs  when  cold,  is  Ihewn  by  the  experiments 
of  Dr.  Bollock, b who  found  that  when  water 
contained  no  more  than  of  its  weight  of 
ifmglafs  it  Hill  compieady  diffened  by  cooling, 
and  even  when  only  the  folution  was  evi- 

dently gelatinous  when  cold,  though  not  abfo- 
lutely  concrete. 

The  moll  fingular  combination  of  gelatin 
and  that  which  is  mod  ufeful  as  a chemical  ted 
is  with  tan.  If  a folution  of  gelatin,  of  glue 
or  ifmglafs  for  example,  is  added  to  an  infufion 
of  oak  bark,  galls,  catechu,  or  any  other  vege- 
table that  contains  the  tanning  principle  a copi- 
ous white  precipitate  feparates,  which  when 
the  refpe&ive  liquors  are  concentrated  may  be 
collected  by  the  fingers  with  great  eafe,  and 
forms  a fingular  grey  duCtile  mafs,  duelling 
like  tanned  leather,  and  which  dries  into  a dark 
brown  brittle  mafs  of  the  appearance  of  refin, 
infoluble  in  water,  and  incapable  of  putrefac- 
tion. This  combination,  which  appears  to  be 
chemically  the  fame  as  highly  tanned  leather, 
will  be  further  noticed  under  the  article  Tan. 

The  power  of  infufion  of  tan  as  a ted  of 
gelatin  is  very  extenfive.  Dr.  Bodock  found 
a copious  and  immediate  precipitate  on  adding 
a moderately  drong  infufion  of  galls  to  water 
holding  only  ToVo  of  ifmglafs,  and  a very  con- 
fiderable  precipitate  when  the  gelatin  was  only 

cTo  * 

The  folutions  of  albumen  alfo  give  a preci- 
pitate with  tan,  but  not  till  after  Handing  to- 
gether fome  hours,  and  therefore  when  ufed  as 
a ted,  an  immediate  precipitate  with  tan,  may 
be  confidered  as  a pretty  certain  indication  of 
gelatin. 

The  nitro-muriat  of  tin  alfo  produces  a white 
precipitate  with  gelatin,  but  unlefs  the  folution 
of  the  latter  is  pretty  drong,  the  effeCt  is  only 
a white  cloud,  after  fome  hours  Handing. 
Nearly  the  fame  effeCl  is  produced  with  the 
folutions  of  albumen. 

The  difference  in  the  degree  of  vifcidity  and 
tenacity  of  the  varieties  of  gelatin,  is  as  Mr. 
Hatchett  obferves,  an  inherent  quality,  and  not 
caufed  by  the  degree  of  mere  infpiffation,  other- 
wife  when  each  variety  was  perfectly  dry,  they 
would  each  make  a glue  or  cement  of  exaCtly 
the  fame  degree  of  tenacity,  which  is  known 
not  to  be  the  cafe.  On  the  contrary  the  tena- 
city depends  partly  on  the  age  of  the  animal, 
the  old  giving  a much  dronger  glue,  ceteris 
pafibus , than  the  young : and  partly  on  the  fub- 
ftances  that  furnifh  it,  the  glue  from  the  fkin 


being  much  dronger  than  the  folid  gelatin  from 
the  bones,  finews,  or  any  other  part.  In  pro- 
portion as  the  glue  is  more  adhefive,  it  becomes 
lefs  eafily  foluble  in  water,  and  abforbs  a larger 
portion  before  it  comes  to  the  date  of  tremulous 
gclly.  Mr.  Hatchett  alfo  found  that  the  force 
of  adhefion  of  the  glue  from  (kin  was  generally 
proportionate  to  the  toughnefs  of  the  Ikin,  the 
foft  flexible  Ikins  yielding  a thinner  gelatin  than 
the  hard  bony  Ikins,  and  with  much  more  eafe. 

Glue,  fuch  as  is  made  by  the  carpenters, 
appears  to  be  made  in  greater  perfection  in  this 
than  in  any  other  country,  if  we  may  judge  of 
the  edimation  in  which  Englilh  glue  is  held 
abroad.  The  minute  circumdances  of  the 
operation  which  give  a fuperiority  of  the  article 
of  one  manufacturer  over  another  cannot  be 
readily  afcertained,  but  the  following  is  given 
by  Mr.  Clennel  as  the  general  mode  of  manu- 
facture. c “ Glue  is  an  inlpiffated  gelly,  made 
“ of  the  parings  of  hides  or  horns  of  any  kind, 
“ the  pelts  obtained  from  furriers,  the  hoofs 
“ and  ears  of  horfes,  oxen,  calves,  flreep,  &c. 
“ Thefe  are  fird  digeded  in  lime-water,  to 
“ cleanfe  them  from  greafe  or  dirt,  they  are 
“ then  deeped  in  clean  water  with  frequent 
“ dirring,  afterwards  laid  in  a heap  and  the 
“ water  preffed  out.  They  are  then  boiled  in 
“ a large  brafs  cauldron  with  clean  water  Ikim- 
“ ming  off  the  dirt  as  it  rifes,  and  it  is  further 
((  cleanfed  by  putting  in,  after  the  whole  is  dif- 
“ folved,  a little  melted  alum  or  lime  finely 
“ powdered.  The  flamming  is  continued  for 
“ fome  time,  after  which  the  mafs  is  drained 
“ through  balkets,  and  differed  to  fettle  that 
“ the  remaining  impurities  may  fubfide.  It  is 
“ then  poured  gently  into  the  kettle  again,  and 
“ further  evaporated  by  boiling  and  flamming 
“ till  it  becomes  of  a clear  darkifh  brown 
tc  colour.  When  it  is  thought  to  be  drong 
“ enough  it  is  poured  into  frames  or  moulds 
“ about  fix  feet  long,  one  broad,  and  two  deep, 
“ where  it  gradually  hardens  as  it  cools,  and 
“ is  cut  out  when  cold  by  a fpade  into  fquare 
“ cakes.  Each  of  thefe  is  placed  in  a fort  of 
“ wooden  box  open  in  three  divifions  to  the 
“ back,  in  this  the  glue  while  yet  foft  is  cut 
“ into  three  flices  by  an  indrument  like  a bow, 
“ with  a brafs  wire  for  its  dring.  The  flices 
“ are  then  taken  out  into  the  open  air,  and 
“ dried  on  a kind  of  coarfe  net-work,  fadened 
“ in  moveable  fheds  four  feet  fquare,  which  are 
“ placed  in  rows  in  the  glue-maker’s  field. 
**  When  perfeftly  dry  and  hard  it  is  fit  for 
“ fale.  That  is  thought  to  be  the  bed  glue 
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u which  fwells  confiderably  without  melting  by 
“ three  or  four  days  immerfion  in  cold  water, 
and  recovers  its  former  dimenfions  and  pro- 
“ perties  by  di'ying.  Glue  that  has  got  froft 
“ or  that  looks  thick  and  black,  {hould  be 
“ melted  over  again.  To  know  good  from  bad 
“ glue  the  purchafer  {hould  hold  it  between  his 
“ eye  and  the  light,  and  if  it  appears  of  a 
“ ftrong  dark  colour,  and  free  from  cloudy  or 
“ black  fpots,  the  article  is  good.” 

To  this  diftin£t  and  apparently  accurate  ac- 
count of  glue-making,  may  be  added  fome 
experiments  by  Pelletier,0  on  a glue  from  bones, 
made  in  France  by  a M.  Grenier,  from  the 
rafpings  and  trimmings  of  ivory,  the  refufe 
pieces  and  fhavings  of  the  button-mould  makers, 
and  other  kinds  of  hard  bone,  that  cannot  be 
turned  to  account  in  entire  manufacture.  Six 
pounds  of  button-mould  fhavings  were  put  into 
a copper  boiler  with  24  quarts  of  water,  and 
firft  let  to  foak  for  two  hours  in  the  cold.  The 
fire  was  then  kindled  and  the  liquor  {lowly 
brought  to  boiling,  and  kept  at  this  heat  for  nine 
hours.  After  {landing  a night  14  quarts  of 
clear  gelatinous  liquor  were  drawn  off  by  a 
fyphon,  and  two  quarts  more  were  obtained  by 
prcfTing  the  refidue.  This  was  duly  evapo- 
rated without  addition,  and  when  of  the  proper 
confillence  was  allowed  to  fubfide  for  half  an 
hour,  when  it  became  firm  enough  to  be  cut  into 
cakes,  which  being  then  hung  up  for  a fortnight 
in  a barn  yielded  about  15  ounces  of  folid  glue, 
or  rather  lefs  than  a fixth  of  the  weight  of  the 
bone  {havings  originally  ufed.  A fimilar  expe- 
riment made  with  ivory-turnings  yielded  nearly 
the  fame  proportion  of  glue.  The  gelly  from 
thefe  clean  white  bones  is  at  firft  very  tranfpa- 
rent  and  with  little  colour,  but  when  concen- 
trated by  evaporation  it  always  deepens  in  co- 
lour, but  if  well  made  ftill  remains  tranfpa- 
rent.  A piece  of  this  glue  put  into  cold  water 
fwelled,  as  happens  with  common  good  glue, 
and  in  24  hours  had  abforbed  15  times  its  weight 
of  water,  but  without  diflolving,  and  by  again 
drying  in  the  air,  it  returned  to  its  original 
bulk  and  weight.  It  appears  that  at  Paris  there 
are  three  forts  of  glue  commonly  fold,  the  be  ft 
is  that  which  is  imported  from  this  country, 
and  is  of  a deep  red,  the  next  in  value  is  the 
Flemifh,  which  is  whitifli  and  tranfparent,  and 
the  moft  ordinary  glue  of  the  country  is  black 
and  opake. 

In  ufing  glue,  the  carpenters  firft  break  it 
and  cover  it  with  cold  water,  and  let  it  {land 
for  about  twenty-four  hours,  by  which,  as  al- 


ready mentioned,  it  fwells  to  many  times  its 
original  bulk,  and  abforbs  a large  quantity  of 
this  fluid,  after  which  the  foaked  pieces  are 
melted,  without  more  water,  over  a flow  fire,  and 
kept  fimmering  for  about  a quarter  of  an  hour 
with  frequent  ftirring  and  are  then  cooled.  It  is 
now  a firm  gelly,  of  fuch  a confiftence,  as  very 
readily  to  be  cut  by  any  inftrument,  but  too  ftifF 
to  be  fremulous.  When  wanted  to  be  ufed,  it  is 
merely  warmed  which  renders  it  fufficiently 
fluid  to  be  fpread  over  the  furface  of  the  wood 
with  a ftift'brufh.  Wood  joined  by  glue  re- 
quires from  one  to  three  days  to  be  perfectly 
cemented,  which  is  known  by  the  hardnefs  of 
the  portion  that  remains  on  the  outfide  of  the 
joining,  and  the  force  of  cohefion  of  the  belt 
glue  is  fuch,  that  boards  as  thick  as  any  com- 
monly ufed  in  furniture  carpentry  will  full  as 
readily  give  way  by  violence  in  any  other  part 
of  the  fubftance  as  at  the  joining.  Glued  boards 
will  not  fet  in  a freezing  temperature,  the  ftitT- 
ening  being  owing  to  the  evaporation  of  the 
fuperfluous  water  of  the  glue  which  is  pre- 
vented by  great  cold. 

* # # 

A variety  of  gelatinous  cements  of  lefs  firm- 
nefs  than  common  glue,  and  known  by  the 
general  term  of  Size , are  made  for  the  ufe  of 
the  paper-hangers,  gilders,  bookbinders,  houfe- 
painters  in  diftemper,  and  many  other  trades, 
by  boiling  down  in  water  the  clippings  of 
parchment,  glove-leather,  fifh-lkin,  and  many 
other  kinds  of  {kin  and  animal  membrane. 
Thefe  are  ufed  either  alone  or  mixed  with 
vegetable  tenacious  fubftances,  fuch  as  flour- 
pafte,  gum-arabic  and  tragacanth,  and  the  like. 
The  preparation  of  thefe  jellies  is  perfectly 
Ample,  the  fubftance  ufed  (parchment  {hreds 
for  example)  being  limply  diffolved  in  water  by 
boiling,  {trained  and  evaporated  to  a due  con- 
fiftence. Eel-lkins  and  the  {kins  of  other  fifties 
make  a cement  which  is  much  valued  for  its 
tranfparency  and  tenacity.  The  only  fpecies  of 
gelatin  of  this  kind  ufed  in  the  arts  which 
requires  further  notice  is 

Isinglass. 

This  is  a thin,  flexible,  tough,  whitilh  mem- 
brane, in  the  form  of  irregular  {hreds  or  clip- 
pings loofely  coiled  up,  and  of  different  degrees 
of  finenefs  and  flexibility,  which  is  procured 
from  feveral  parts  of  the  entrails  of  feveral 
fifties,  with  fcarcely  any  artificial  preparation 
than  that  of  extracting,  cleanfing,  and  drying. 

The  fineft  kind  of  ifinglafs  is  that  which  has 
the  longeft  Jiciple  as  it  is  called,  and  which  is 
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the  thinneft  and  moft  flexible.  The  preparation 
of  ifinglafs  is  almoft  peculiar  to  Ruffia,'1  and  is 
made  in  all  places  on  the  vaft  rivers  of  this 
mighty  empire,  where  the  large  fturgeon  and 
other  hfhes  of  this  genus  are  caught,  as  on  the 
Dnieper,  the  Don  towards  the  Cafpian  Sea,  the 
Volga,  Oby,  Irtifh,  and  other  Afiatico-Ruflian 
rivers.  The  bell  ifinglafs  is  that  which  is  pre- 
pared from  the  fturgeon.  The  membranes 
which,  when  dried,  form  ifinglafs,  are  various 
extenfions  and  proceffes  of  the  peritoneum,  but 
more  particularly  the  air-bladder,  or  founds, 
which  is  very  large  in  thefe  fiflies.  The  founds 
when  taken  out  of  the  fifh  are  firft  wafhed 
with  cold  water,  and  expofed  a little  to  ftiffen 
in  the  air.  The  outer  fkin  is  then  peeled  off 
and  thrown  away.  The  remainder  is  fimply 
cut  out  and  loofely  twifted  into  rolls  according 
to  the  intended  fize  of  the  ftaple,  which  are 
pegged  down  on  boards,  and  hung  up  on  lines 
to  dry.  No  other  preparation  is  ufed.  An 
inferior  kind  of  cake-ifinglafs  is  made  by  taking 
all  the  clean  fhreds  of  the  twifted  fort,  putting 
them  in  a flat  metal-pan  with  a very  little 
water,  and  heating  juft  enough  to  make  a co- 
hering mafs.  This  is  afterwards  dried.  It 
would  be  tedious  to  enumerate  the  minute 
varieties  of  ifinglafs  or  fifh  gelatin. 

Good  ifinglafs  is  efteemed  the  fineft  and 
pureft  fpecimen  of  animal  gelatin.  It  is  en- 
tirely without  tafte  or  fmell,  when  foaked  in 
water  it  fwells,  foftens,  and  if  held  up  to  the 
light  is  agreeably  opalefcent  to  the  eye.  It 
readily  and  totally  diffolves  in  warm  water, 
forming  the  cleareft  and  mod  colourlefs  of  all 
the  known  jellies.  The  finer  forts  are  much 
too  valuable  to  be  ufed  for  the  ordinary  pur- 
pofes  of  a fize  or  cement,  but  are  principally 
employed  in  confectionary,  in  clarifying  wines, 
and  other  purpofes  of  the  table. 

When  the  jelly  of  ifinglafs  is  much  concen- 
trated by  evaporation,  it  forms  a delicate  ce- 
ment for  joining  glafs,  &c.  for  which  its  great 
tranfparency  and  freedom  from  colour  render  it 
highly  valuable.  The  coarfer  fort  of  fifh-glue 
cake,  or  that  which  confifts  of  refufe  bits  of 
ifinglafs,  brought  to  a cohering  mafs  by  water, 
is  often  ufed  for  the  fame  purpofes  as  common 
glue.  This  when  foul  and  blackened  is  bleached 
by  expofure  to  the  vapour  of  fulphur, e which, 
on  account  of  the  loofe  fibrous  texture  is  able 
to  penetrate  it  diffidently,  an  effeCt  which 
could  not  take  place  with  the  folid  cakes  of 
common  glue. 


Animal  Mucilage. 

In  fome  parts  of  the  body  of  man  and  different 
animals  is  found  a fomewhat  clammy,  infipid, 
whitifh  or  often  colourlefs  liquor,  uncoagulable 
by  heat,  but  leaving  after  a gentle  evaporation  to 
drynefs  a fmali  proportion  of  {limy  tenacious  mat- 
ter, much  refembling  gelatin  in  appearance,  and 
in  being  equally  again  foluble  in  water.  The 
faliva  is  perhaps  the  beft  example  of  fimple 
animal  mucilage  in  the  human  body,  but  it  is 
found  more  copioufly  in  other  animals,  as  for 
example,  in  the  oyfter,  and  many  marine  inha- 
bitants. 

Animal  mucus  or  mucilage  differs  however 
from  gelatin  in  being  readily  foluble  in  cold 
water,  and  efpecially  in  having  no  proper  gela- 
tinizing power,  that  is  to  fay,  a hot  folution 
does  not  ftiffen,  or  approach  apparently  more 
to  the  folid  ftate  by  cooling,  but  its  degree  of 
vifcidity  depends  fimply  on  the  proportion  of 
water  in  the  folution  without  regard  to  tempe- 
rature. 

Mr.  Hatchett  confiders  mucus,  however,  as 
a fpecies  of  gelatin  the  loweft  in  the  cohefive 
power,  or  at  one  extremity  of  the  fcale  of  tena- 
city, at  the  other  extremity  of  which  is  the 
ftiffeft  glue  from  condenfed  ikin. 

But  Dr.  Boftock  has  given  the  following 
diftinctive  marks  which  certainly  eftabliffi  as 
clear  a difference  between  mucus  and  gelatin  as 
exifts  between  many  other  fubftances  ftrongly 
refembling  each  other,  but  which  have  been 
allowed  a feparate  place.  The  mucus  of  an 
oyfter  was  detached  by  agitation  in  cold  water 
for  a few  minutes,  when  the  fluid  was  filtered 
and  appeared  (lightly  opake  and  gelatinous.  By 
evaporation  it  appeared  that  it  had  diffolved 
about  -5V  of  its  weight  of  animal  matter.  A 
quantity  of  this  diluted  with  as  much  water 
was  tried  with  the  following  reagents : a folu- 
tion of  corrofive  mercurial  muriat  produced 
no  effedl  j the  infufion  of  tan  (from  galls)  after 
fome  time  produced  a flight  turbidnefs,  and  at 
length  a fmali  quantity  of  a precipitate.  The 
aqua  lithargyri  acetati  (or  vinegar  faturated 
with  litharge  at  a boiling  heat)  gave  an  imme- 
diate opacity,  and,  after  fome  time,  a denfe 
white  precipitate. 

The  firft  of  thefe  tefts,  the  mercurial  folution, 
is  found  to  precipitate  albumen  only,  and  as 
no  efF«<Sb  was  here  produced,  it  (hews  the  ab- 
fence  of  this  principle.  The  folution  of  tan 
occafioned  only  a very  flight  opacity,  but  by 
previous  experiments  it  was  found  that  a folu- 
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tion  of  true  gelatin  in  times  its  weight  of 
water,  or  equally  dilute  with  the  prefent  folu- 
tion,  would  have  given  an  immediate  and 
copious  precipitate  with  tan,  a chara&er 
fufficiently  difcriminative.  On  the  other  hand 
gelatin  will  not  be  precipitated  by  acetited 
litharge,  whereas  mucus  is  abundantly  affetted 
by  this  teft.  Thefe  differences,  therefore, 
together  with  the  abfence  of  the  gelatinizing 
property,  will,  for  the  prefent,  entitle  us  to 
confider  mucus  as  a diftindft  animal  principle. 

GELBERDE.  See  Yellow  Earth. 

GEMS.  Gems  or  precious  ftones  form  a clafs 
of  earthy  minerals  very  diftinguiftiable  in  com- 
merce by  their  fuperior  price,  but  of  which  it  is 
not  eafy  to  give  a fcientific  definition.  That 
furnifhed  by  Boetius  de  Boot1  is,  perhaps,  upon 
the  whole,  the  bell  which  is  to  be  found. 
“ Lapis”  fays  he,  “ alius  a Natura  magnus, 
“ alius  parvus  producitur ; parvus  alius  rarus 
**  inventu,  alius  frequens.  Rarus  alius  durus, 
<£  alius  mollis.  Durus  alius  pulcher  afpe&uque 
“ gratus,  alius  turpis.  Pulcher  Gemma  nomen 
“ meretur.  Erit  itaque  gemma  lapis  parvus, 
*c  rarus,  durus,  et  pulcher,  a Natura  procreatus.” 
Nature  forms  fome  Jlones  large  and  others  fmall ; 
of  the  finally  fome  are  of  rare  occurrence , others  are 
common ; of  the  rare , fome  are  hardy  others  are 
foft ; of  the  hardy  fome  are  beautiful  and  pleafant  to 
the fighty  others  are  mean.  The  beautiful  merit  the 
name  of  Gems.  The  word  gem  therefore  ftgnifes  a 
natural Jlone  of  fmall ftzey  rare,  hard , and  beautiful. 

The  ancients  feem  to  have  made  a difference 
between  precious  ftones  and  gems,  comprehend- 
ing under  the  former  term  thofe  hard  and 
beautiful,  but  for  the  moft  part  uncryftallized 
ftones,  fuch  as  agate,  carnelian,  onyx,  chalce- 
dony, &c.  upon  which  they  were  accuftomed 
to  engrave,  reftri&ing  the  word  gem  to  thofe 
ftones  which,  on  account  of  their  minutenefs, 
extreme  hardnefs,  and  brilliant  luftre,  were 
worn  in  rings  and  other  ornaments,  either  in 
the  ftate  in  which  nature  prefents  them,  or,  at 
moft,  after  being  cut  and  poliftied.  Some 
ftones,  however,  fuch  as  the  topaz  and  ame- 
thyft,  being  commoner  and  in  larger  pieces  than 
moft  of  the  other  gems,  held  a kind  of  middle 
rank  between  thefe  and  the  precious  ftones, 
being  fometimes  employed  as  materials  to 
engrave  upon,  and  fometimes  ufed  plain  for 
necklaces,  rings,  See. 

Bergman  in  his  excellent  effay  on  the  earth 
of  gems  has  fhown,  contrary  to  the  general 
opinion  of  his  day,  that  the  hardnefs  and  cryf- 
talline  texture  of  the  gems  is  not  owing  to 
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their  confiding  almoft  entirely  of  verifiable 
earth  or  filex  ; fince  many  of  the  gems,  efpecially 
thofe  called  oriental,  appear  from  analyfis  to 
contain  a much  larger  quantity  of  alumine  than 
of  filex.  On  the  other  hand,  however,  this 
able  chemift  himfelf  is  deceived  when  he  labours 
to  lhew  that  all  the  moft  perfedt  gems,  includ- 
ing the  diamond,  are  indebted  for  their  hard- 
nefs, exceeding  fpecific  gravity  and  luftre  to 
the  prefence  of  alumine  in  their  compofition ; 
it  being  now  fully  afeertained  that  the  diamond 
when  pure  is  wholly  combuftible,  and  therefore 
contains  no  earth  whatever. 

The  particular  gems  are  deferibed  at  large  in 
their  proper  places;  we  {hall  therefore  only 
give  a lift  of  them  here,  arranging  them  in  four 
claffes,  according  to  the  relative  eftimation  in 
which  when  perfect  they  are  held  by  jewellers  ; 
premifing,  however,  that  this  order  is  fubjetft 
to  fome  variations  from  the  cafual  plenty  or 
fcarcity  of  any  particular  kind,  and  from  the 
caprice  of  fafhion. 

The  diamond  and  the  oriental  ruby  conftitute 
the  firft  clafs.  Of  thefe,  a very  fmall  diamond 
is  more  valuable  than  a ruby  of  equal  weight ; 
but  rubies  of  ten  carats  or  more  being  much 
rarer  than  diamonds  of  equal  weight  bear  a 
fomewhat  higher  price  in  the  market.  The 
fecond  clafs  of  gems  contains  the  emerald,  ftar- 
ftone,  oriental  girafol,  fapphire,  fpinel  and  balais 
rubies,  oriental  topaz,  oriental  amethyft,  and 
noble  opal.  In  the  third  rank  are  found  the 
jargoon,  cat’s-eye,  oriental  chryfolite,  hyacinth, 
and  peridot.  Thofe  in  the  fourth  and  loweft 
clafs  are  often  engraved  upon,  and  form  the 
moft  valuable  feal-ftones ; they  are  the  beryll 
or  aqua-marine,  Brazilian  topaz,  Saxon  topaz, 
Sirian  garnet,  Bohemian  garnet,  and  European 
amethyft. 

GEMS  ARTIFICIAL.  See  Glass  (coloured.) 

GILDING,  art  of.  Id  Art  de  Dorery  Fr. 
Die  Kunjl  zu  Ver golden.  Germ. 

The  art  of  gilding  or  of  laying  a thin  fuper- 
ficial  coating  of  gold  on  wood,  metal  and  other 
fubftances  has  been  long  pradftifed,  and  highly 
efteemed  both  for  its  utility  and  the  fplendid 
effett  which  it  produces.  Gold,  from  the  ex- 
treme beauty  of  its  colour,  and  from  the  length 
of  time  during  which  it  may  be  expofed  to  the 
aftion  of  the  air  without  tarniftiing,  is  perhaps 
the  moft  valuable  of  all  fubftances  for  the  pur- 
pofe  of  decoration  ; but  on  account  of  its  dear- 
nefs  and  weight  it  can  very  feldom  be  employed 
in  fubftance,  and  its  ornamental  ufe  would  be 
limited  indeed  if  it  was  not  at  the  fame  time 
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the  mod  extenfible  of  all  fubftances : fo  that  a 
given  weight  of  gold,  notwithftanding  its  high 
fpecific  gravity,  may  by  beating  be  made  to 
cover  a larger  furface  than  an  equal  quantity  of 
any  other  body.  Among  the  ancients,  the  Ro- 
mans, and  among  the  moderns,  the  French  have 
been  remarkable  for  their  large  and  profufe 
confumption  of  gold  : not  only  the  temples, 
theatres,  and  other  public  buildings  being  adorn- 
ed with  gilding,  but  even  the  private  houfes  of 
the  wealthier  clafles. 

The  materials  of  gilding,  or  rather  the  dif- 
ferent ftates  in  which  gold  is  ufcd  for  this  pur- 
pofe,  are  the  following  : leaf-gold,  of  different 
thicknefles  and  formed  either  of  the  pure  metal, 
or  of  an  alloy  of  this  with  filver,  amalgam  of 
gold,  and  gold  powder.  The  leaf-gold  is  pro- 
cured by  the  gilder  from  the  gold-beater,  for 
an  account  of  which  we  fhall  refer  the  reader 
to  the  article  Gold  ; but  the  other  two  fub- 
ftances being  prepared  by  the  gilder  himfelf 
may  be  with  propriety  defcribed  here.  The 
amalgam  of  gold  is  made  by  heating  in  a clean 
crucible  fome  pure  quickfilver,  and  when  it  is 
nearly  boiling  adding  to  it  about  a fixth  of  its 
weight  of  fine  gold  in  thin  plates  heated  red 
hot;  the  mixture  after  being  kept  hot  for  a few 
minutes  becomes  of  a perfeflly  homogeneous 
confiftence,  and  may  then  be  allowed  to  cool : 
when  cold  it  is  to  be  put  in  a piece  of  foft 
leather,  and  by  gradual  preffure  the  fluid  part 
of  the  amalgam  confifting  almoft  wholly  of 
mercury  may  be  forced  through  the  pores  of 
the  leather,  while  the  gold  combined  with  about 
twice  its  weight  of  mercury  will  remain  behind 
forming  a yellowifh  filvery  mafs  of  the  con- 
fiftence of  foft  butter.  This  after  being  bruifed 
in  a mortar,  or  fhaken  in  a ftrong  vial  with  re- 
peated portions  of  fait  and  water  till  the  water 
ceafes  to  be  fouled  by  it,  is  fit  for  ufe,  and 
may  be  kept  for  any  length  of  time  without  in- 
jury in  a corked  vial.  It  is  of  eflential  import- 
ance that  the  materials  of  this  amalgam,  and 
cfpecially  the  mercury,  fhould  be  perfe&ly  pure, 
as  the  leaft  portion  of  lead  or  bifmuth  would 
very  materially  injure  the  beauty  of  the  gilding 
by  deteriorating  the  colour  of  the  gold  and  fill- 
ing it  with  black  fpecks  ; on  this  account  no 
mercury  ought  to  be  employed  that  has  not 
been  procured  from  diftillation  of  the  red  pre- 
cipitate (nitrous  red  oxyd  of  mercury)  either 
alone  or  mixed  with  a little  charcoal  powder. 

Gold  powder  is  prepared  in  three  different 
ways.  The  firft  and  fimpleft  is  to  put  into  a 
glafs  or  earthen  mortar  fome  gold-leaf  with  a 
little  honey  or  thick  gum-water,  and  grind  the 


mixture  for  a confiderable  time,  till  the  gold  is 
reduced  to  extremely  minute  fragments  ; when 
this  is  done  a little  warm  water  will  wafh  out 
the  honey  or  gum,  leaving  the  gold  behind 
in  a flaky  pulverulent  ftate.  A lefs  tedious 
and  more  effectual  way  of  comminuting  the 
gold  is  to  diffolve  it  in  nitro-muriatic  acid  and 
then  precipitate  it  by  a piece  of  copper : the 
precipitate  after  being  digefted  in  diftilled  vine- 
gar and  then  well  wafhed  in  water  and  dried, 
is  in  the  form  of  a very  fine  powder,  and  both 
works  better  and  is  eafier  to  burnifh  than  the 
ground  leaf-gold.  The  fineft  ground  gold  how- 
ever is  produced  by  heating  very  gradually  the 
gold-amalgam  in  an  open  earthen  vefiel,  and 
continuing  the  fire  till  the  whole  of  the  mer- 
cury is  evaporated,  taking  care  that  the  amal- 
gam fhall  be  conftantly  ftirred  with  a glafs  rod 
or  tobacco-pipe,  in  order  to  prevent  the  par- 
ticles of  gold  from  adhering  as  the  mercury 
flies  off.  When  the  mercury  is  compleatly 
evaporated  the  refidual  gold  being  then  ground 
in  a Wedgewood  ware  mortar  with  a little 
water,  and  afterwards  dried,  is  fit  for  ufe. 

Gilding  is  performed  either  with  or  without 
the  application  of  heat.  By  the  firft  of  thefe 
methods  thofe  fubftances  are  gilt  which  are  not 
liable  to  alteration  by  expofure  to  a moderate 
heat,  fuch  as  metals  and  fometimes  glafs  and 
porcelain : the  fecond  method  is  pradtifed  with 
thofe  fubftances,  fuch  as  wood,  paper,  leather, 
filk,  lacquered  and  japanned  ware,  &c.  which 
would  be  injured,  and  even  deftroyed  at  the. 
temperature  requifite  for  gilding  the  former. 
The  laft  of  thefe  methods  being  the  fimpleft  fhall 
be  firft  defcribed  ; and  we  fhall  begin  with  the 
art  of  :gilding  on  wood. 

There  are  two  methods  of  gilding  on  wood, 
namely,  oil-gilding  and  burnifhed  gilding.  Oil- 
gilding is  thus  performed.  The  wood  muft 
firft  be  covered  or  primed  with  two  or  three 
coatings  of  boiled  linfeed-oil  and  white-lead,  in 
order  to  fill  up  the  pores  and  conceal  the  ir- 
regularities of  the  furface  occafioned  by  the 
veins  in  the  wood.  When  the  priming  is  quite 
dry  a thin  coat  of  gold-fize  muft  be  laid  on. 
This  is  prepared  by  grinding  together  fome 
ftrongly  calcined  red  ochre  with  the  thickefl 
drying  oil  that  can  be  procured,  and  the  older 
the  better  : that  it  may  work  freely  it  is  to  be 
mixed,  previoufly  to  being  ufed,  with  a little 
oil  of  turpentine  till  it  is  brought  to  a proper 
confiftence.  If  the  gold-fize  is  good  it  will  be 
fufficiently  dry  in  twelve  hours,  more  or  lefs,  to 
allow  the  artift  to  proceed  to  the  laft  part  of 
the  procefs,  which  is  the  application  of  the 
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gold.  For  this  purpofe  a leaf  of  gold  is  fpread 
on  the  cufhion  (formed  by  a few  folds  of  flan- 
nel fecured  on  a piece  of  wood  about  eight 
Inches  fquare  by  a tight  covering  of  leather), 
and  is  cut  into  drips  of  a proper  fize,  by  a 
blunt  pallet-knife  ; each  drip  being  then  taken 
up  on  the  point  of  a fine  brulh  is  applied  to 
the  part  intended  to  be  gilded,  and  is  then 
gently  prefled  down  by  a ball  of  foft  cotton  5 
the  gold  immediately  adheres  to  the  dicky  fur- 
face  of  the  fize,  and  after  a few  minutes  the 
dexterous  application  of  a large  camel’s -hair 
brufli  fweeps  away  the  loofe  particles  of  the 
gold-leaf  without  didurbing  the  red.  In  a day 
or  two  the  fize  will  be  compleatly  dried,  and 
the  operation  is  finilhed.  The  advantages  of 
this  method  of  gilding  are  that  it  is  very  Ample, 
very  durable,  not  readily  injured  by  changes 
of  weather  even  when  expofed  to  the  open 
air,  and  when  foiled  it  may  be  cleaned  by  a 
little  warm  water  and  a foft  brufli : its  difadvan- 
tage  is  that  it  cannot  be  burnifhed,  and  there- 
fore wants  the  high  ludre  produced  by  the  next 
method.  Its  chief  employment  is  in  out-door 
work. 

Burniflied  gilding,  or  gilding  in  didemper,  is 
thus  performed.  The  furface  to  be  gilt  mud 
firfl  be  carefully  covered  with  drong  fize  made 
by  boiling  down  pieces  of  white  leather,  or 
clippings  of  parchment  till  they  are  reduced  to 
a ftiff  jelly  ; this  coating  being  dried,  eight  or 
ten  more  mud  be  applied,  confiding  of  the 
fame  fize  mixed  with  fine  Paris-plader,  or 
wafhed  chalk;  when  a fufficient  number  of 
layers  have  been  put  on,  varying  according  to 
»he  nature  of  the  work,  and  the  whole  is  be- 
come quite  dry,  a moderately  thick  layer  mud 
be  applied  compofed  of  fize  and  bole,  or  yel- 
low ochre  : while  this  lad  is  yet  moid  the  gold 
leaf  is  to  be  put  on  in  the  ufual  manner ; it  will 
immediately  adhere  on  being  prefled  with  the 
cotton  ball,  and  before  the  fize  is  become  per- 
fectly dry  thofe  parts  which  are  intended  to  be 
the  mod  brilliant  are  to  be  carefully  bumilhed 
with  an  agate  or  dog’s  tooth.  In  order  to  fave 
the  labour  of  burnilhing  it  is  a common  but  bad 
praCtice,  flightly  to  burnifh  the  brilliant  parts, 
and  to  deaden  the  red  by  drawing  over  them 
a brulh  dipped  in  fize : the  required  contrad 
between  the  polifhed  and  unpolilhed  gold  is 
indeed  thus  obtained,  but  the  general  effeCt  is 
greatly  inferior  to  that  produced  in  the  regular 
way,  and  the  fmalled  drop  of  water  falling  on  the 
fized  part  occafions  a dain.  This  kind  of  gild- 
ing can  only  be  applied  on  in-door  work,  as 
rain,  and  even  a confiderable  degree  of  damp- 


nefs  will  caufe  the  gold  to  peel  off.  When 
dirty  it  may  be  cleaned  with  a foft  brulh  and  hot 
fpirit  of  wine,  or  oil  of  turpentine.  It  is  chiefly 
ufed  on  pidure  frames,  mouldings,  and  ducco. 

Letters  written  on  vellum  or  paper  are 
gilded  in  three  ways : in  the  firfl,  a little  fize 
is  mixed  with  the  ink,  and  the  letters  are  writ- 
ten as  ufual  ; when  they  are  dry  a flight  de- 
gree of  dickinefs  is  produced  by  breathing  on 
them,  upon  which  the  gold  leaf  is  immediately 
applied,  and  by  a little  preflure  may  be  made 
to  adhere  with  fufficient  firmnefs:  in  the  fecond 
method  fome  white  lead  or  chalk  is  ground 
up  with  drong  fize,  and  the  letters  are  made 
with  this  by  means  of  a brulh  : when  the  mix- 
ture is  almod  dry  the  gold  leaf  may  be  laid 
on  and  afterwards  burnilhed  : the  lad  method 
is  to  mix  up  fome  gold  powder  with  fize,  and 
make  the  letters  of  this  by  means  of  a brulh. 
The  edges  of  the  leaves  of  books  are  gilded 
while  in  the  binder’s  prefs  by  firfl  applying  * 
compofition  formed  of  four  parts  of  Armenian 
bole  and  one  of  fugar-candy  ground  together 
to  a proper  confidence,  and  laying  it  on  by  a 
brulh  with  white  of  egg  : this  coating  when 
nearly  dry  is  fmoothed  by  the  burnilher,  it  is 
then  flightly  moiflened  with  clean  water,  and 
the  gold  leaf  applied  and  afterwards  burnilhed. 
In  order  to  imprefs  the  gilt  figures  on  the 
leather  covers  of  books,  the  leather  is  firfl  duded 
over  with  very  fine  powdered  rofin  or  maflich, 
then  the  iron  tool  by  which  the  figure  is  made 
is  moderately  heated,  and  prefled  down  upon 
a piece  of  leaf-gold,  which  flightly  adheres  to 
it,  being  then  immediately  applied  to  the  fur- 
face  of  the  leather  with  a certain  force,  the  tool 
at  the  fame  time  makes  an  impreflion,  and  melts 
the  maflich  which  lies  between  the  heated  iron 
and  the  leather ; in  confequence  of  this  the  gold 
with  which  the  face  of  the  tool  is  covered  is 
made  to  adhere  to  the  leather,  fo  that  on  re- 
moving the  tool  a gilded  impreflion  of  it  remains 
behind. 

Drinking  glafles  and  other  utenfils  of  this 
material  are  fometimes,  efpecially  in  Germany, 
gilt  on  their  edges : this  is  done  in  two  ways, 
either  by  a Ample  adhefive  varnilh,  or  by  means 
of  fire.  The  varnilh  is  prepared  by  diffolv- 
ing  in  drying  linfeed  oil  a quantity  of  gum 
anime,  or  dill  better,  of  clear  amber  equal 
in  weight  to  the  oil ; a very  drying  and  ad- 
hefive varnilh  is  thus  prepared,  which  being 
diluted  with  a proper  quantity  of  oil  of  tur- 
pentine is  to  be  applied  as  thin  as  pofiible  to 
thofe  parts  of  the  glafs  which  are  to  be  gilded  } 
when  this  is  dry,  which  will  be  in  about  a day, 
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the  glafs  is  to  be  placed  by  the  fire-fide,  or  in 
a ftove  till  it  is  fo  warm  as  almoft  to  burn  the 
lingers  when  handled  •,  at  this  temperature  the 
varnifh  will  become  glutinous,  and  a piece  of 
leaf  gold  applied  in  the  ufual  way  will  imme- 
diately adhere  •,  when  the  gilding  is  thus  put  on 
and  before  it  is  grown  quite  cold  it  may  be 
burnifhed,  taking  care  only  to  interpofe  a piece 
of  very  thin  paper  between  the  gold  and  the 
burnifher.  If  the  varnifli  is  very  good  this  is 
the  bell  method  of  gilding  glafs  as  the  gold  is 
thus  fixed  on  more  evenly  than  in  any  other  way: 
it  often  happens  however  when  the  varnifh  is  but 
indifferent  that  by  repeated  wafhing  the  gold 
foon  wears  off : on  this  account  the  practice 
of  burning  in  is  fometimes  had  recourfe  to. 
For  this  purpofe  fome  powder-gold  is  tempered 
with  gum-water  and  borax,  and  in  this  ftate 
applied  to  the  clean  furface  of  the  glafs  with  a 
line  camel’s  hair  pencil : when  quite  dry  the 
glafs  is  put  into  a ftove  heated  to  about  the 
temperature  of  an  annealing  oven,  the  gum 
burns  off  and  the  borax  by  vitrefying  cements 
the  gold  with  great  firmnefs  to  the  glafs  ; after 
which  it  may  be  burnifhed.  The  gilding  upon 
porcelain  is  in  like  manner  fixed  by  fire  and 
borax  ; and  this  kind  of  ware  being  neither 
tranfparent  nor  liable  to  foften  and  thus  in- 
jure its  form  in  a low  red  heat,  is  free  from  the 
rifk  and  injury  that  the  finer  and  more  fufible 
kinds  of  glafs  are  apt  to  fuftain  from  fuch  treat- 
ment. 

All  the  methods  of  gilding  hitherto  deferibed 
refemble  each  other  by  being  accomplifhed  by 
means  of  fome  adhefive  medium  j this,  how- 
ever, is  not  the  cafe  with  gilding  upon  metals, 
the  gold  is  brought  into  immediate  contact  with 
the  other  metal,  and  they  both  remain  firmly 
united  merely  by  the  attraction  of  adhefion 
fubfifting  between  them.  The  fimpleft  of  all 
the  kinds  of  gilding  on  metal,  and  which 
ftrikingly  demonftrates  the  power  of  the  affinity 
of  adhefion  is  one  that  is  fometimes  praCtifed 
on  plane  furfaces  of  copper  and  iron  with  con- 
fiderable  fuccefs.  The  metal  being  previoufly 
polifhed  and  quite  clean  is  heated  to  about  the 
temperature  of  melted  lead,  and  covered  with  a 
double  layer  of  gold  leaf : by  the  cautious  ap- 
plication of  a blood  ftone  burnifher  applied 
gently  at  firft,  and  increafing  the  force  of  the 
preffure  by  degrees  the  furfaces  of  gold  and 
copper  are  brought  to  touch  each  other  in  al- 
moft every  point,  and  then  adhere  with  a force 
proportioned  to  the  compleatnefs  of  the  con- 
tact. The  firft  layer  being  thus  burnifhed 
down  a fecond  is  made  to  adhere  in  the  fame 


manner,  and  fometimes  a third,  if  the  gilding 
is  intended  to  be  very  folid.  The  objection  to 
this  method  of  gilding  is  its  tedioufnefs,  and 
the  almoft  impoftiblity  of  ufing  a fufficient  pref- 
fure without  injuring  the  evennefs  of  the  gilded 
furface  : where  thefe  objections  do  not  apply 
there  cannot  be  a more  effectual  mode  of  gild- 
ing as  is  evident  from  the  manufacture  of  gilt 
filver  or  copper  wire.  The  bar  before  it  is  com- 
mitted to  the  wire-drawer,  is  plated  with  gold 
by  having  feveral  leaves  of  gold  fucceflively 
burnifhed  down  upon  it,  and  being  then  fub- 
jeCted  to  the  ftrong  compreflion  that  takes  place 
in  wire-drawing,  the  gold  and  the  other  metal 
become  fo  perfectly  united  as  to  form  in  a man- 
ner but  one  fubftance. 

The  moft  ufual  method  of  covering  the  fur- 
face of  a metal  with  gold  is  by  means  of  an 
amalgam,  or  as  it  is  technically  called  tuater- 
gilding.  If  the  metal  to  be  gilt  is  filver,  the  beft 
way  of  proceeding  is  firft  to  foak  it  in  warm 
dilute  muriatic  acid  that  the  furface  may  be 
rendered  perfectly  clean ; it  muft  then  be 
wafhed  in  clean  water  changed  two  or  three 
times  to  get  rid  of  the  whole  of  the  acid  : being 
afterwards  dried  and  made  moderately  warm 
a little  gold-amalgam  alfo  warm  is  to  be  care- 
fully and  evenly  fpread  upon  the  filver  to  which 
it  will  immediately  adhere : when  this  is  com- 
pleated  the  piece  is  placed  upon  a convenient 
fupport  over  a clear  charcoal  fire,  and  while 
the  mercury  is  evaporating  if  any  fpecks  or 
places  appear  that  have  efcaped  the  amalgam 
a fmall  piece  is  to  be  laid  on  and  fpread  with 
a brufh  to  fupply  the  deficiency,  without  re- 
moving the  article  from  the  fire.  After  a time 
the  whole  of  the  mercury  will  be  driven  off, 
and  the  piece  after  cooling  being  accurately 
examined  will  be  found  to  be  entirely  covered 
with  a thin  coating  of  pale  dull  gold.  The 
fmall  roughneffes  and  loofely  adhering  par- 
ticles are  now  to  be  removed  with  a fcratch 
brufh,  which  is  made  of  fome  exceedingly  fine 
brafs-wire  bound  together  into  a tuft ; hy  this 
the  furface  is  rendered  perfectly  fmooth  and 
bright,  but  it  ftill  remains  of  a pale  yellow 
colour  : this  defeat  is  next  removed  by  warm- 
ing the  piece  and  fmearing  it  over  with  gilder’s 
wax,  a compofition  of  bees-wax,  red  ochre, 
verdigris,  and  green  vitriol  or  alum.  The  wax 
being  burnt  off  over  a charcoal  fire,  and  the 
piece  quenched  in  urine  the  colour  of  the  gild- 
ing will  be  found  to  be  much  heightened  ; if  it 
is  not  fufficiently  fo  by  the  firft  application  a 
fucceeding  one  will  compleat  the  defired  effeeft  j. 
after  which  the  work  may  be  burnifhed  or  not 
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according  to  the  tafte  of  the  artift.  Inftead  of 
the  common  gilder’s  wax  a mixture  of  equal 
parts  of  nitre,  fal  ammoniac,  green  vitriol,  and 
verdegris  moiftened  with  water,  will  anfwer  the 
purpofe. 

Copper  and  the  alloys  formed  by  its  combi- 
nation with  zinc  are  gilded  nearly  in  the  fame 
way  as  filver:  but  as  their  affinity  for  mercury 
is  confiderably  lefs  than  that  of  filver,  it  would 
be  difficult  to  make  the  amalgam  of  gold  ad- 
here to  the  burniffied  furface  of  thefe  metals 
by  the  fame  means,  and  with  the  fame  evennefs 
as  takes  place  in  the  cafe  juft  defcribed.  To 
obviate  this  inconvenience  advantage  is  very  in- 
genioufly  taken  of  the  action  of  nitric  acid  to 
facilitate  the  adhefion  of  the  copper  and  mer- 
cury in  the  following  manner.  The  piece  of 
copper,  a button  for  example,  is  firft  cleaned  by 
fteeping  in  acid  and  fubfequent  waffiing,  and 
is  then  burniffied  either  in  a lathe,  or  by  any 
other  means : after  this  it  is  dipped  in  a neu- 
tralized folution  of  nitrat  of  mercury,  and  in 
the  fpace  of  a few  feconds,  owing  to  the  ftrong 
affinity  of  nitric  acid  for  copper  the  mercurial 
fait  is  decompofed,  the  copper  takes  the  place 
of  the  mercury,  and  at  the  fame  time  the  mer- 
cury is  depofited  in  die  metallic  ftate  on  the 
furface  of  the  copper,  covering  it  entirely,  and 
ftrongly  adhering  to  it.  The  gold  amalgam  is 
now  applied,  and  the  reft  of  the  procefs  goes 
on  as  already  defcribed.  By  this  method  of 
proceeding  a given  quantity  of  gold  may  be 
made  to  cover  a larger  furface  than  in  any 
other  way  of  gilding  on  metals  : five  grains  of 
gold  will  compleatly  gild  both  the  upper  and 
under  furfaces  of  144  copper  buttons,  each  of 
them  an  inch  in  diameter.5 

There  is  no  metal  the  gilding  of  which  pre- 
fents  fo  many  difficulties  as  iron,  or  rather 
fteel . If  the  method  of  fimple  burnifhing 
down  is  had  recourfe  to,  the  heat  requifite  for 
this  purpofe  will  in  many  cafes  bring  the  tem- 
per of  the  fteel  too  low  : on  fuch  occafions 
the  way  already  defcribed  of  gilding  copper  is 
fometimes  pra£!ifed  ; that  is,  the  parts  of  the 
fteel  to  be  gilded  are  pencilled  over  with  nitrat 
of  mercury,  by  which  they  are  covered  with  a 
flightly  adhering  coating  of  mercury,  then  the 
amalgam  is  applied,  and  the  gilding  finifhed  in 
the  ufual  way.  The  obje£tions  to  this  mode 
of  proceeding  are  firft  that  a confiderable  heat 
is  required,  though  inferior  to  that  requifite  for 
burnifhing  down,  and  feeondly,  that  even  with 
all  poffibie  care  the  gilding  is  apt  to  be  rough 
and  fcale  off.  A very  confiderable  improve- 

‘ Phil.  Mag,  ix.  p.  30, 


ment  on  this  method  is  to  trace  the  figure  of 
the  gilding  on  the  fteel  firft  of  all  with  a bruffi 
charged  with  a ftrong  folution  of  fulphated  cop- 
per, in  confequence  of  which  a pretty  thick  plate' 
of  this  metal  is  depofited  on  the  fteel  to  which  it 
may  be  made  to  adhere  with  confiderable  firm- 
nefs  by  means  of  the  burniffier  : thus  the  gilding 
is  in  fa£t  performed  upon  the  copper. 

A new  method  of  gold  gilding  upon  fteel  has 
lately  been  publiffied  c poffeffed  of  many  ad- 
vantages over  the  others,  and  which  probably 
in  time  may  attain  a very  high  degree  of  per- 
fection. It  depends  upon  the  well-known  fact 
that  if  fulphuric  ether  and  nitro-muriat  of  gold 
are  mixed  together  the  ether  will  by  degrees 
feparate  from  the  acid  nearly  the  whole  of  the 
gold,,  and  retain  it  for  fome  time  in  folution  in 
nearly  a metallic  ftate.  If  ether  thus  charged  with 
gold  is  fpread  by  means  of  a pen  or  fine  bruffi 
on  the  furface  of  highly  polifhed  fteel  the  ether 
prefently  evaporates,  leaving  the  gold  behind 
in  clofe  contact  with  the  fteel,  and  the  ad- 
hefion is  confiderably  improved  by  the  fubfe- 
quent application  of  the  burniffier.  The  dear- 
nefs,  and  efpecially  the  rapid  volatility  of  ether 
are  objections  of  fome  moment,  but  may  be 
got  over  by  ufing  the  beft  oil  of  turpentine 
inftead  of  the  ether,  which  has  nearly  the- 
fame  efficacy  in  decompofing  the  nitro-muriat 
of  gold,  and  is  both  cheaper  and  not  fo  very 
quickly  evaporable. 

Cold  gilding  upon  filver  is,  we  believe,  at 
prefent  entirely  difufed.  It  was  performed  in 
the  following  manner.  A faturated  folution  of 
gold  in  nitro-muriatic  acid  was  poured  upon- 
fome  linen  rags,  and  when  they  were  become 
dry  they  were  heaped  in  a plate  and  touched 
with  a hot  coal.  The  fire  gradually  fpread: 
through  the  mafs  and  reduced  it  to  a heavy 
black  affi.  A foft  cork  being  moiftened  in 
water  was  dipped  in  this  affi,  to  which  a part 
of  it  adhered,  and  was  then  rubbed  on  the  fur- 
face of  polifhed  filver,  upon  which  the  minute' 
particles  of  gold  became  fixed,  and  covered  it 
with  an  extremely  thin  coating,  which  when 
burniffied  exhibited  the  genuine  colour  and  luftre 
of  this  precious  metal. 

GLASS.  Verre,  Fr.  Gins,  Germ. 

A glafs  in  the  common  chemical  ufe  of  the 
term  is  underftood  to  be  any  fubftance  or  mix- 
ture, earthy,  faline,  or  metallic,  brought  by 
igneous  fufion  to  the  ftate  of  a hard,  brittle,  uni- 
form mafs,  breaking  with  a conchoidal  frac- 
ture, paffing  into  fplintery,  and  with  a high: 
degree  of  luftre.  Tranfparency  is  alfo  a cha«- 

* Phil.  Mag.  xi.  p.  144. 
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rafter  of  mod  glafles,  for  when  opake,  it  is 
generally  owing  to  an  excefs  of  fome  matter, 
which,  in  a fmaller  quantity,  would  only  give  a 
tinge  of  more  or  lefs  denfity. 

Befides  the  general  acceptation  of  the  term 
glafs,  it  is  alio  applied  more  commonly  to  that 
moft  beautiful  manufacture  of  fdiceous  earth, 
vitrified  by  various  falts  and  metallic  oxyds, 
which  contributes  fo  much  to  the  purpofes  of 
fcience,  to  ornament,  luxury,  and  to  domeftic 
comfort. 

We  fhall  firft  fhortly  give  the  refults  of  a 
variety  of  experiments  on  Vitrification  in  general, 
and  afterwards  defcribe  the  manufacture  of 
glafs. 

Vitrification. 

An  immenfe  repofitory  of  valuable  fafts  on 
vitrification  is  to  be  found  in  the  voluminous 
experiments  of  Mr.  Achard,  of  Berlin,1  from 
which,  together  with  the  later  experiments 
of  Kirwan,b  Klaproth, c Morveau/  and  other 
chemifts,  the  following  fafts  may  be  deduced. 
It  may  be  premifed  that  in  all  thefe  experiments 
the  mixtures  were  firft  reduced  to  fine  powder, 
well  mixed,  put  into  a crucible,  and  expofed  to 
nearly  as  ftrong  a heat  as  the  power  of  furnaces 
will  give.  Thofe  of  Achard  were  ufually  in- 
troduced into  the  porcelain  furnaces  of  the  royal 
porcelain  manufactory  of  Berlin  ; of  Klaproth, 
the  fame ; of  Kirwan  and  Morveau,  in  a wind 
furnace  of  very  powerful  draught,  the  intenfity 
of  which  was  in  moft  cafes  marked  by  Wedge- 
wood’s  pyrometer.  The  effefts  produced  by 
the  aftion  of  the  materials  on  the  crucible 
itfelf  will  be  prefently  noticed. 

§ I . Of  the  Vitrification  of  Earths  alone. 

All  the  earths  are  of  themfelves  infufible  by 
any  heat  except  that  of  a blaft  of  oxygen  gas, 
as  afcertained  by  Lavoifier.  Hence  infufibility 
in  culinary  fire  is  properly  given  as  a charafter 
of  earthy  bodies.  But  various  mixtures  of 
earths  alone  may  be  vitrified  with  more  or  lefs 
eafe. 

Of  the  binary  combinations  of  earths  none 
are  vitrifiable  except  thofe  in  which  one  of  the 
ingredients  is  lime  or  barytes  (and  probably 
ftrontian),  and  in  equal  proportion  with  the 
other,  and  at  a very  intenfe  heat. 

Thefe  earths  therefore  agree  with  the  alkalies 
in  their  vitrifying  power  as  well  as  in  other  alka- 
line properties,  and  like  the  alkalies  this  power 
is  more  aftive  in  diflolving  filex  than  alumine 
or  magnefia. 

Silex  and  lime,  in  equal  parts  (according  to 
Kirwan)  melted  at  150°  of  Wedgewood,  into  a 


mafs  between  porcelain  and  enamel,  white, 
glazed  at  the  furface,  femitranfparent  at  the 
edges,  and  feebly  giving  fire  with  fteel. 

Silex  and  barytes,  in  equal  parts,  (by  Kirwan) 
gave  at  148*  Wedgewood,  a hard  mafs  not 
melted,  but  (by  Morveau)  melted  into  a green 
glafs  exceffively  hard  and  cellular.  Two  parts 
of  barytes  and  one  of  filex  gave  (by  Kirwan)  a 
yellowilh  green  porous  enamel  at  150°. 

Silex  with  alumine,  or  with  magnefia  fingly, 
and  in  any  proportion,  gave  only  a flightly 
cohering  crumbly  mafs  fcarcely  altered  by  the 
fire  except  in  the  parts  touching  the  crucible. 

Alumine  and  magnefia  heated  with  the  alka- 
line earths  in  any  proportions  gave  only  flightly 
agglutinated  mafles,  but  would  not  melt  into  a 
glafs  or  even  an  enamel. 

The  alkaline  earths  mixed  together  fufed 
more  readily  than  any  of  the  above  mixtures, 
forming  very  perfeft  glafles,  but  which  almoft 
immediately  begin  to  attack  the  fides  of  the 
crucible,  and  melt  down  with  it  in  a ftrong 
fire  into  a vitreous  flag. 

With  regard  to  combinations  of  three  or  more 
earths  it  would  be  endlefs  to  enumerate  all  the 
poflible  or  aftual  experiments.  Kirwan  deduces 
from  thofe  which  he  made  the  following  general 
refults,  which  indeed  might  partly  be  expefted 
from  the  known  properties  of  the  feverai 
earths:  namely, 

No  compound  of  lime,  magnefia,  and  alu- 
mine, in  which  the  magnefia  predominates  will 
melt  at  a lefs  heat  than  i6o» : and  to  produce 
compleat  vitrifaftion,  the  lime  (which  is  pro- 
perly the  flux  in  this  inftance)  mull  be  equal  to 
the  two  others.  Where  either  the  magnefia  or 
alumine  predominate  the  mafs  forms  a porce- 
lain, or  imperfeft  glafs. 

In  compounds  of  lime,  magnefia,  and  filex, 
if  the  lime  exceeds,  perfeft  glafles  will  be 
formed,  if  the  filex  exceeds,  few  glafles  will  be 
formed,  and  never,  if  the  magnefia  exceeds. 

In  compounds  of  alumine,  magnefia,  and 
filex,  the  refults  are  fo  far  curious,  that  a porce- 
lain, and  even  a perfeft  glafs,  may  be  produced 
in  the  proportions  of  3 filex,  2 magnefia,  and  I 
alumine.  The  filex  therefore  here  feems  to 
aft  as  a powerful  flux,  for  when  either  of  the 
two  latter  exceed,  fcarcely  any  approach  to 
fufion  can  be  obtained. 

It  follows,  therefore,  that  the  more  fufible 
earths,  of  thofe  here  examined,  when  in  mix- 
ture, are  lime,  and  efpecially  barytes,  and  next 
to  them  filex,  and  that  alumine  and  magnefia 
are  remarkably  difficult  of  fufion  in  mixture. 


* Mem.  Acad.  Berlin,  for  1779,  1780,  1781.  k Mineralogy.  * Eflays,  vol.  4.  4 Jour.  Polytech.  p.  3. 


GL  A 


GL  a 


C 479  ) 


and  according  to  their  predominance  give  opake 
white  maffes  of  a cellular,  fpongy,  femi -fufed 
texture;  or  in  greater  proportions,  only  porcel- 
lanous ; or  in  greater,  only  loofely  coherent 
and  pulverulent. 

$ 2.  Of  the  Vitrificaion  of  Earths  by  Metallic 
Oxyds. 

All  the  metallic  oxyds  that  are  not  reduced 
by  mere  heat  to  the  reguline  ftate  or  volatilized, 
when  urged  by  fire,  run  into  a true  glafs  which, 
is  always  more  or  lefs  tinged,  and  often  pof- 
feffes  fuch  a body  of  colour  as  to  be  quite 
opake.  The  heat  at  which  the  oxyds  vitrify 
varies  extremely,  in  no  inftance  is  it  lefs  than 
a red  heat,  and  in  many  a very  intenfe  white 
heat  is  required.  All  the  vitrified  oxyds  are 
powerful  fluxes  for  the  earths,  though  lefs  in 
proportion  than  the  alkalies.  They  give  their 
own  colour  to  the  vitfified  mixture  and  much 
denfity. 


The  vitrifying  power  of  feveral  of  the  oxyds 
over  the  different  earths  has  been  examined  in 
a feries  of  valuable  experiments  by  Achard,  of 
which  the  following  table  will  furnifh  an  ab- 
fti'adt..  It  may  be  premifed  that  the  filex  was 
prepared  from  liquor  of  flints,  and  apparently 
very  pure,  the  calcareous  earth  wras  carbonat  of 
lime  precipitated  from  the  muriat  by  a car- 
bonated alkali;  the  magnefia  from  Epfom  fait 
in  the  fame  way,  and  the  alumine  from  alum. 
The  oxyd  of  copper  was  the  green  carbonated 
oxyd  prepared  from  the  nitrat  by  carbonat  of 
potafh;  the  oxyds  of  iron,  lead,  and  zinc,  the 
fame;  the  oxyds  of  tin,  bifmuth,  and  antimony 
were  alfo  prepared  by  nitric  acid,  and  therefore 
in  the  highefl  ftate  of  oxygenation. 

All  thefe  mixtures  were  expofed  in  earthen 
crucibles  to  the  heat  of  a porcelain  furnace 
during  the  wrhole  time  required  to  bake  the 
porcelain. 


Mixture. 

Result. 

Colour  and  Texture. 

Silex  . . . . 

Oxyd  of  iron. 

* ^>fcoria 

black  and  polilhed — hard,  giving 
fparks  with  fteel. 

Silex  ...  . 

Oxyd  of  iron 

^ not  fufed 

> black  and  friable. 

Silex  '.  . . . 

Oxyd  of  iron  . . 

* * |>'fcoria  run  through  the  crucible 

> black  and  hard — fcintillant. 

Silex  .... 
Oxyd  of  copper  . 

* ^>not  fufed 

Silex  „ . . . . 

Oxyd  of  copper  .. 

* ’ not  fufed 

Silex  ..... 
Oxyd  of  lead  . . 

* ^>a  folid  mafs  but  not  fufed 

> white  and  hard 

Silex 

Oxyd  of  lead 

*'  fufed,  porous,  and  femi-vitrified 

> yellow — not  fcintillant. 

Silex  . . . 

Oxyd  of  lead 

* perfect  glafs 

> green — not  fcintillant. 

Silex  .... 
Oxyd  of  tin  . 

* ^>a  coherent  mafs 

>grey — eafily  friable. 

Silex  .... 
Oxyd  of  tin  . 

* ^vitrified  j 

>greenifh  yellow — not  fcintillant. 

Silex  .... 
Oxyd  of  bifmuth 

* ^remained  in  powder 

Silex  .... 
Oxyd  of  bifmuth 

^ ^>perfe£l  glafs 

!>deep  yellow — not  fcintillant. 

Silex  .... 
Oxyd  of  antimony 

I*}glafs 

> colourlefs — fcintilknt. 

Silex  .... 
Oxyd  of  antimony 

^ ^>not  melted 

>grey  and  friable. 

Silex  .... 
Oxyd  of  zinc 

^remained  in  powder 

Silex  .... 
Oxyd  of  zinc 

1.  "1  melted  only  where  touching  the 

2.  J crucible 

> w'hite — hard. 
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Mixture.  Result.  Colour  and  Texture , 


Silex  . . . . i . 1 

Oxyd  of  zinc  . 3.  J 

> perfectly  fufed  j 

> grey — fcintillant. 

Lime  (carbonated)  1 1 
Oxyd  of  iron  . 1 . J 

>a  melted  porous  mafs  j 

> black — fcintillant. 

Lime  ....  1 1 

Oxyd  of  copper  . i.j 

melted,  polilhed  in  the  fra£ture, ' 
^ part  of  the  copper  reduced 

> red — fcintillant. 

Lime  ....  3 ] 

Oxyd  of  copper  . 1 . j 

>•  melted,  but  porous 

>the  fame. 

Lime  ....  4 1 
Oxyd  of  copper  . i.j 

part  only  melted,  the  reft  pulveru- ' 
* lent  j 

>grey. 

Lime  ....  1 

Oxyd  of  lead  . 1.  _ 

>glafs 

>greenifh  yellow — fcintillant. 

Lime  . , . . 2 

Oxyd  of  lead  . I.  _ 

>glafs  run  through  the  crucible 

> yellow — fcintillant. 

Lime  ....  3 

Oxyd  of  lead  . I . d 

> remained  in  powder 

Lime  . . . • 1 

Oxyd  of  tin  . . I.  __ 

> femi-vitrified 

> yellow — fcintillant. 

Oxyd  of  tin  . . i.}glafs 

► greenifh  yellow — fcintillant. 

Lime  ....  3 

Oxyd  of  tin  . . 1 . 

melted  only  where  touching  the' 
> crucible 

>grey. 

Oxyd  of  tin  ! ] 

► greenifh  yellow — fcintillant. 

Lime  . ...  1 

Oxyd  of  bifmuth  2 j 

>vitriform  mafs 

!>  green. 

Lime  ...  . 1 l penetratine  the  crucible 

Oxyd  of  antimony  1 . / 6 r 6 

> yellow — fcintillant. 

Lime  ....  2 

Oxyd  of  antimony  1 J 

> remained  in  powder 

f 

Lime  » * • • 1 kcdafs  penetrating  the  crucible 

Oxyd  of  antimony  4 J6  r 6 

> deep  yellow — fcintillant. 

Lime  ....  4 
Oxyd  of  antimony  1. 

>a  femi-tranfparent  polilhed  mafs  J 

grey  yellow — fcintillant. 

Lime  ....  1 

Oxyd  of  zinc  . I. 

> glafs  j 

deep  yellow — fcintillant. 

Alumine  . . . 1 

Oxyd  of  iron  . 1. 

>only  partially  fufed 

Alumine  ...  x. 
Oxyd  of  iron  . 3.  _ 

^>a  melted  porous  mafs 

> black — fcintillant. 

Alumine  . . . !• 

Oxyd  of  copper  . 1 . ^ 

;>only  partially  fufed 

Alumine  , . . 1 

Oxyd  of  copper  . 4.  j 

[>the  fame 

Alumine  . . . I.' 

Oxyd  of  lead  . 1. 

> remained  in  powder 

Alumine  . . . 1 . ' 

Oxyd  of  lead  . 3.' 

^the  fame 

Alumine  . . . x 

Oxyd  of  lead  . 4.^ 

|>  glafs 

^•deep  yellow — fcintillant. 
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Mixture. 


Result. 


Colour  and  Texture. 


Alumine  T 
Oxyd  of  tin 


melted  porous  mafs,  not  poiifhed\  . fcintillant 

in  the  fracture /°rC^  lCma  an  * 


Oxy‘,lof  bifauth*  2.  }p”tial'y  fufed 


la  n 

/ 1 


} 


Alumine  , . . 1 1 

Oxyd  of  antimony  4.  J 

^ only  partially  fufed 

Alumine  . . . 1 . ] 

Oxyd  of  Zinc  . 4.  J 

|>  remained  in  powder 

Magnefia  . . . 1 'I 

Oxyd  of  iron  . 3 . J 

>half  fufed,  but  not  cohering  j> 

Magnefia  . . . 1 ) 

Oxyd  of  copper  . 3 J 

>a  porous  half-fufed  mafs  j»grey-=-fcintiIlant. 

Magnefia  . . . i.-) 

Oxyd  of  lead  . 3 ] 

Magnefia  . . . 1 | 

a porous  melted  mafs,  part  of  the  \ 

Oxyd  of  lead  . 4.  \ 

oxyd  reduced  J 

Magnefia  . . . 1 ) 

Oxyd  of  antimony  3.  J 

> beginning  to  fufe.  grey- — fcintillant. 

The  above  experiments  (fele&ed  from  a 
much  larger  number)  are  moftly  confirmed  by 
Kirwan.  Notwithflanding  various  anomalies, 
owing  principally  to  the  aftion  of  the  materials 
on  the  crucible  itfelf,  they  are  interefting  in 
fhewing  in  fome  -degree  the  comparative  fu- 
fibility  of  metallic  oxyds,  and  in  confirming  the 
former  obfervations  on  the  fulibility  of  the  re- 
fpe&ive  earths.  Among  the  metallic  oxyds 
that  of  antimony  feems  to  a£t  the  moft  power- 
fully as  a flux,  and  next  to  this,  lead.  In  al- 
moft  all  the  above  examples  where  fufion  at  ail 
took  place,  the  mafs  became  hard  enough  to 
ftrike  fire  with  fteel,  a degree  of  hardnefs 
which  is  not  very  common  with  the  akaline 
glafles. 


§ 3 • Q f the  Vitrification  of  Earths  with  Saline 
Bodies. 

We  fhall  here  alfo  give  in  a tabular  form  a 
few  of  the  numerous  experiments  of  Achard 
(A)  and  of  Morveau  (M)  premifing  that  in  each 
the  mixture  of  the  earths  and  falts  was  con- 
tained in  a clay  crucible  which  was  always 
acted  on  more  or  lefs  during  the  vitrification, 
and  where  the  fait  was  in  excefs  was  often  en- 
tirely corroded,  a circumftance  which  throws 
fome  confufion  on  the  refults.  In  the  experi- 
ments of  Achard  the  crucibles  were  expofed 
for  three  hours  to  the  heat  of  a very  llrong 
wind  f urnace  : in  thofe  of  Morveau  the  crucibles 
were  kept  for  two  hours  at  a heat  of  from 
22  to  26  Wedgwood,  and  therefore  probably 
much  lower  than  the  former. 


Mixture. 

Refult. 

A. 

Silex 

Carbonat  of  potafh  . 

^ a yellow  glafs,  not  hard  enough  to  give  fparks  with  fteel. 

M. 

Silex 

Carbonat  of  foda  (dry) 

. . 1 \ a colourlefs  tranfparent  glafs,  but  deliquefcent  from  the 

. . 2./  excefs  of  alkali. 

A. 

Silex 

Carbonat  of  potafh  . . 

3 ^>a  yellow  glafs,  not  fcintillant. 

A. 

Silex 

Carbonat  of  potafh  . 

4 |>a  vitriform  mafs,  yellow,  hard,  and  fcintillant. 

M. 

Silex 

Borax  (calcined) 

2 j>a  beautiful  tranfparent  glafs,  not  at  all  foluble  in  water. 

A. 

Silex 

Boracic  acid  .... 

r a white  porcellanous  mafs,  fcarcely  fcintillant. 
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Mixture. 


A. 

XT 

a7 

aT 


Silex  . . 

Boracic  acid 


Silex 

Boracic  acid 


Silex 

Calcined  borax 


Refult. 

a hard  tranfparent  glafs — fcintillant. 


a white  opake  melted  porous  mafs — fcintillant. 


a tranfparent  glafs — hard  and  fcintillant. 


Silex 

Calcined  borax 


} 


a rnals  refembling  agate — but  perfectly  fufed  and  fcin- 
tillant. 


A. 

aT 

aT 

M7 

mT 

aT 

aT 

aT 

mT 

aT 

aT 

a7 

aT 

a7 

aT 

/ 

a7 

XT 

wT 

a7 


Silex  . . . 

Sulphat  of  foda 
Silex  . . . 

Nitre  . . . 


a green  fcintillant  glafs. 


a foft  green  tranfparent  glafs. 


Silex  . . 

Common  fait 


^>fcoria — the  crucible  entirely  deftroyed. 


Silex  .... 
Phofphat  of  foda  anc 


ammonia 


} 


a white  opake,  pufFy,  vitreous  mafs,  deliquefcent  and 
reddening  litmus. 


Lime  . . . . 

Carbonat  of  foda 


} 


a white  fpongy  opake  mafs,  crumbling  between  the 
fingers. 


Chalk  .... 
Carbonat  of  potafh 


1 partly  fufed — the  reft  pulverulent — the  crucible  ftrongly 
j corroded. 


Chalk  .... 
Carbonat  of  potafh 


j>a  well-fufed,  polifhed,  black  fcintillant  glafs. 


Chalk  .... 
Carbonat  of  potafh 


^•remained  a white  powder. 


Lime 

Borax 


} 


a fine  tranfparent  yellowifli  glafs — the  crucible  ftrongly 
corroded. 


Chalk 

Borax 


a well-fufed,  black,  fcintillant  polifhed  mafs. 


Chalk 

Borax 


a yellow  fcintillant  glafs. 


Chalk  . 
Boracic  acid 


a yellow  glafs — run  through  the  crucible. 


Chalk  . 

Sulphat  of  foda 


^ a hard  yellow  fcintillant  glafs. 


Chalk  . 
Sulphat  of  foda 


a hard  brown  fcoria — the  crucible  totally  deftroyed. 


Chalk  . . . 

Nitrat  of  foda 


a hard  yellow  glafs. 


Chalk  . . 

Common  fait 


a yellow  fcintillant  glafs — the  crucible  entirely  deftroyed 


Lime  .... 

Phofphat  of  foda  and  nmm 


onia  2 


} 


a white  opake  crumbly  mafs. 


Alumine  . 
Carbonat  of  foda 


} 


a grey  opake  ill-fufed  frit,  not  cohering  to  the  crucible 
and  deliquefcent. 


Alumine  .... 
Carbonat  of  foda  and  pota 
in  all  proportions  from 

Alumine 

Carbonat  of  potalh 


lb 

I to  12 


remained  unmelted  and  uncohering. 


A. 


partially  melted,  but  fbft  and  friable. 
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Mixture 

M.  Alumine 

Borax 2 


Refult. 


j>a  fine  tranfparent  clear  green  glafs. 


A. 


Borax”16 i j>rernainet^  pulverulent. 


Alumine i.\part  unfufed  and  remaining  pulverulent,  the  reft  par- 

Boracic  acid  . . . . . . 4./  tially  melted. 


M.  Alumine 

Phofphat  of  Soda  and  Ammonia  2 


* |>a  green  frit  eafily  friable. 


N.  B.  Moft  of  the  other  combinations  of  alumine  with  the  feveral  neutral  falts,  even  in  large 
proportions  of  the  latter,  remained  unfufed,  except  where  the  crucible  was  entirely  corroded  and 
melted  down  along  with  its  contents. 


M.  Magnefia 1 ^ 

Carbonat  of  foda  . . . . 2 . J 

>a  white  opake  incohering  mafs. 

M.  Magnefia 1 1 

Borax 2.  J 

' a femi-tranfparent  fomewhat  milky  glafs  of  a gelatinous 
[ appearance,  but  very  hard  and  brilliant  on  the  furface. 

M.  Magnefia 1 . 'I 

Phofphat  of  Soda  and  Ammonia  2.  J 

la  white  mafs  a little  agglutinated  but  not  adhering  to 
the  crucible. 

M.  Barytes  (pure) 1 

Carbonat  of  foda  ....  2 ^ 

j>  a very  hard  femi-vitrified  mafs,  of  a clear  green.' 

M.  Barytes 1 1 a beautiful  tranfparent  glafs  with  a faint  yellow  tinge, 

Borax 2.  j ftrongly  adhering  to  the  crucible 


M’  Phofphat  of  Soda  and  Ammonia  2.  }a  remarkabl7  ^ tranfparent  glafs. 


§ 4.  Of  the  AElion  of  Vitrifying  Materials  on 
the  Crucibles  that  contain  them. 

In  eftimating  the  proper  a£lion  of  verifiable 
fubftances  on  each  other,  the  nature  of  the 
veffels  that  contain  them  fhould  always  be 
taken  into  account,  as  a want  of  this  precaution 
may  readily  lead  to  the  moft  erroneous  con- 
clufions.  The  celebrated  Pott  feems  to  have 
been  the  firft  who  very  diftin£tly  pointed  out 
this  circumftance,  and  feveral  curious  experi- 
ments have  been  made  by  Gerhard, c which 
deferve  further  notice. 


This  able  chemift  expofed  a variety  of  natural 
minerals  to  a very  high  heat  (that  is  fully  equi- 
valent to  that  at  which  call  iron  melts)  for  an 
hour,  under  circumftances  as  exa£tly  fimilar  as 
poffible,  except  with  this  difference,  that  one 
fpecimen  of  each  mineral  was  inclofed  in  a 
crucible  of  clay,  another  in  one  of  chalk,  and 
a third  in  one  of  charcoal,  and  the  difference  in 
the  refult  was  particularly  noticed.  A few  of 
thefe  may  alfo  be  given  in  a tabular  form. 


c Mem.  Acad.  Berlin,  for  1781. 
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Subjlance  ufed. 

Refult  in  the  Clay  crucible 

(A) 

Refult  in  the  Chalk  crucible 

(B) 

Refult  in  the  Charcoal 
crucible  (C.) 

Common  flint  <. 

opake  and  milk-white, but 
without  fufion 

I opake  and  white,  but  with" 
1 beginning  fufion  where 
[ in  contadf  with  the  cru- 
1 cible 

j>as  in  A. 

Marble 

run  into  a green  glafs 

no  change 

no  change. 

Gypfum  . . . < 

run  into  a radiated  green ' 
L glafs  J 

>no  change 

no  change. 

Fluor  fpar  . . < 

melted  and  ran  through 
the  crucible 

melted  down  with  the 
crucible  to  a tough  flag 

fcarcely  altered,  ex- 
► cept  flight  fufion 
at  the  edges. 

Porcelain  clay  . < 

f compact,  white  and  no 
[ figns  of  fufion 

run  into  a hard  blue  clear ' 
glafs 

► as  in  A. 

Ditto,  another  kind  < 

r a compact  mafs  partially  ^ 
t melted  1 

a perfedtly  black  glafs 

>as  in  A. 

Reddle  . , . 

a black  glafs  covered  with 
a cruft  of  reduced  iron 

a femitranfparent  apple- 
green  glafs 

a brown  fcoria  con- 
► taining  grains  of 
iron 

Jafper  . . . . < 

no  fufion,  but  the  colour 
changed  to  brown 

conrpleatly  fufed  in  the" 
► parts  touching  the  cru- 
cible 

►as  in  A. 

Mufcovy  talc  . . s 

a black  glafs  with  inter- 
fperfed  grains  of  iron 

* -- 

the  whole  crucible  was' 
penetrated  with  a fcoria 
fo  as  not  to  fall  to  pow- 
der on  expofure  to  air^ 

>as  in  A. 

Spanifti  chalk  . . < 

only  hardened  { 

a grey  femitranfparent  \ 
glafs  \ 

as  in  A. 

Bafalt 

brown-yellow  glafs  with 
a cruft  of  iron 

a green  fcoria,  alfo  with  a 1 
cruft  of  iron 

a green  glafs  with 
y many  grains  of 
iron. 

In  all  the  above  experiments,  except  in  that 
■with  the  Mufcovy  talc,  the  chalk  crucible  was 
completely  calcined  to  lime  and  fell  into  powder 
like  common  lime  on  expofure  to  air.  The 
difference  therefore  between  the  action  of  the 
clay  crucible  and  that  of  chalk,  both  refpedls 
the  different  fufibility  of  common  clay  and 
lime,  and  whatever  adfion  the  carbonic  acid 
that  is  efcaping  from  the  chalk  may  have  upon 
the  inclofed  materials. 

Similar  and  very  valuable  experiments  have 
been  repeated  by  Profeffor  Klaproth  in  crucibles 
of  clay  and  of  charcoal,  in  which  thefe  dif- 
ferences are  very  ftriking. 

Some  of  the  moil  illuftrative  of  them  are  the 
following. 

White  alabajler. 

(In  the  charcoal  crucible.)  Was  rendered  mo- 
derately hard,  its  colour  was  white  paffmg  to 
flraw  yellow,  with  a fine  grained  earthy  frac- 
ture, it  adhered  to  the  tongue  and  emitted 
an  odour  like  a fulphuret:  lofs  of  weight  .56. 


(In  the  clay  crucible.)  Gave  a black-brown 
glafs,  very  Alining,  little  tranfparent  on  the 
edges. 

Bafalt. 

(In  charcoal  crucible.)  Fufed  into  a com  pat 
brown  glafs,  tranfparent  in  fplinters-  Externally 
partly  glazed  brown,  partly  covered  with  a fer- 
ruginous cruft,  and  large  grains  of'  iron. 

( In  clay  crucible.)  Gave  a folid  black  glafs 
covered  with  a brown  fteel-grey  veined  iron 
cruft. 

Bohemian  garnet. 

(In  charcoal  crucible.)  Gave  a grey  turbid 
glafs  full  of  grains  of  iron. 

(In  clay  crucible.)  Melted  into  an  opake 
alrnoft  compat  fcoria,  whofe  colour  internally 
changed  by  ftripes  from  brown  to  green,  very 
finely  corroded. 

Hornblende. 

(In  charcoal  crucible.)  A hardened  ill-fhapcd 
mafs  with  grains  of  iron.  Colour  light-grey,  frac- 
ture uneven,  without  any  trace  of  vitrification. 
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( In  clay  crucible.)  Melted  into  a denfe  black- 
brown  glafs,  tranfparent  in  the  fragments ; of  a 
fmooth  furface  and  a flat  conchoidal,  gloffy 

fradture. 

Carrara  marble. 

(In  charcoal  crucible.)  Was  converted  into 
quick-lime. 

( In  clay  crucible.)  Changed  into  a denfe, 
clear,  hard,  pale,  grafs-green  glafs. 

Strontianite. 

( In  charcoal  crucible.)  Form  unaltered  : har- 
dened by  ignition,  rendered  dull  and  very  cauf- 
tic  : lot's  of  weight  0.31. 

( In  clay  crucible.)  A clear  bright  grafs-green 
glafs. 

Witherite. 

(In  charcoal  crucible.)  In  repeated  experi- 
ments the  charcoal  crucible  was  found  for  the 
moff  part  continued.  Hence  the  witherite 
always  entered  into  imperfedl  fufion  with  the 
contiguous  part  of  the  clay-crucible,  which 
Served  as  a cafe  to  the  charcoal  crucible. 

( In  clay  crucible.)  A green  fomewhat  muddy, 
frothy  glafs. 

In  fpeaking  therefore  of  the  fufibility  of  all 
verifiable  mixtures,  the  nature  of  the  veflel  that 
contains  them  fhould  always  be  taken  into 
account,  fo  that  as  Klaproth  has  well  obferved, 
the  ufual  divifion  of  earths  and  Hones  into  fu- 
fible  and  infufible  requires  correction  from  this 
circumftance.  Thus  when  Hrontianite,  mar- 
ble, and  in  general  all  fpecies  of  calcareous 
earth  vitrify  in  the  melting  veflels,  it  is  entirely 
owing  to  the  mutual  action  of  the  earth  and 
the  clay  crucible,  fince  they  remain  unfufed  in 
the  charcoal  crucible. 

The  charcoal  alfo  it  will  be  obferved  in  thefe 
experiments  has  often  opportunity  of  adding  in 
the  ufual  manner  of  carbonaceous  mixtures,  as 
in  reducing  gypfum  to  a fulphuret  of  lime,  and 
affiffing  in  the  calcination  of  the  carbonats  of 
lime,  Hrontian,  and  barytes. 

It  alfo  has  another  adlion  which  tends  to 
diminilh  the  natural  fufibility  of  Hones,  and  this 
is  the  redudlion  of  the  iron  contained  in  them, 
which,  when  an  oxyd,  is  itfelf  a powerful  flux. 
Hence  it  is  that  feveral  Hones  naturally  fufible 
will  not  vitrify  in  a charcoal  crucible,  of  which 
the  bafalt  is  an  example,  as  this  mineral  readily 
melts  per  fe  into  a black  glafs  •,  but  when  in 
contact  with  charcoal,  the  oxyd  of  iron  is  re- 
duced, and  globules  of  metallic  iron  fweat  out 
as  it  were,  or  feparate  by  a kind  of  cliquation, 
and  the  bafalt  then  appears,  if  examined  by  a 
lens,  almoH  wholly  corroded  but  not  changed 


into  a fcoria  or  at  all  vitrified,  except  by  a much 
more  intenfe  and  long  continued  heat.  This 
feparation  of  the  iron  by  charcoal,  as  Klaproth 
further  remarks,  takes  place  even  in  thofe  Hones 
which  hardly  appear  to  foften  in  the  fire,  and 
yet  the  globules  of  iron  exude  on  the  furface. 

The  colour  of  earths  when  perfectly  vitrified 
and  not  in  contadf  with  charcoal,  is  for  the 
moH  part  of  a cold  fea-green  pafling  into  eme- 
rald green,  and  fometimes  with  a tinge  of 
brown,  where  the  glafs  is  at  all  tranfparent. 
This  is  alfo  obfervable  in  the  common  bottle 
glafs,  and  thofe  vitrefeent  mixtures  where  un- 
purified allies  are  employed  infiead  of  pure 
alkali.  This  colour  appears  to  be  entirely  owing 
to  the  prefence  of  iron,  which  is  always  con- 
tained more  or  lefs  in  common  clays  and  in 
vegetable  allies,  as  was  difeovered  by  Scheele, 
who  obtained  a fatisfactory  indication  of  this 
metal  in  the  analyfis  of  a green  ordinary  glafs. 

Some  experiments  of  Mr.  Mulhetf  on  the 
affinities  of  the  different  earths  for  carbon  at 
exceffively  high  heats,  lliew  in  a fatisfactory 
manner  the  gradual  change  produced  on  this 
natural  green  colour  by  the  admixture  of  char- 
coal in  various  dofes.  A few  of  thefe  we  lhall 
relate. 

1 . Some  lime  from  calcined  chalk  was  heated 
without  addition  in  a crucible  of  Stourbridge 
clay,  at  a heat  of  1660  Wedgewood,  and  fufed 
into  a perfect  denfe  glafs,  quite  tranfparent  and 
of  a green  approaching  to  emerald. 

2.  Fifty  grains  of  the  fame  lime  were  mixed 
with  1 grain  of  lamp  black  (a  very  pure  carbon) 
and  fufed  as  before.  The  refult  was  a lead- 
blue  greenilh  colour.  The  charcoal  had  dis- 
appeared, but  no  globules  of  reduced  iron  could 
be  obferved. 

3.  Fifty  grains  of  lime  with  of  charcoal 
gave  a denfe  glafs,  of  a dark  lead-blue.  Part 
of  the  charcoal  remained  uncombined  with  the 
glafs,  and  a number  of  globules  of  iron  were 
revived. 

1.  A cryffal  of  double  refracting  fpar  was 
melted  per  fe  as  before  into  a very  perfect  glafs 
of  a rich  green  amber  colour. 

2.  Twenty  grains  of  the  fame  fpar  mixed 
with  one  grain  of  charcoal  fufed  into  a deep 
fiery  amber-coloured  glafs.  All  the  charcoal 
had  difappeared. 

3.  Twenty  grains  of  the  fame  fpar  with  in- 
grain of  charcoal  melted  into  a glafs  of  a cloudy 
milky  lead-colour.  A minute  portion  of  the 
charcoal  remained  and  many  globules  of  iron 
were  feen  on  the  furface. 
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"From  thefe  experiments  it  appears  that  any 
admixture  of  carbon  below  what  is  neceflary 
to  reduce  the  iron  only  alters  the  {hade  of  co- 
lour, giving  in  fome  inftances  an  amber  red,  in 
others  a dull  lead-blue,  which  is  poflibly  in 
part  owing  to  an  actual  combination  of  the 
charcoal  with  the  glafs,  but  more  probably  to 
be  chiefly  afcribed  to  a partial  difoxygenation 
of  the  oxyd  of  iron  contained  in  the  earth ; as 
numerous  experiments  which  will  be  afterwards 
noticed  (hew  that  the  colouring  power  of  all  the 
metallic  oxyds  is  materially  affe&ed  by  the  de- 
gree of  oxygenation.  But  when  the  charcoal 
is  fufficient  entirely  to  deoxygenate  the  iron 
the  tranfparency  of  the  glafs  is  deftroyed,  and 
the  colour  is  a muddy  blue,  like  that  of  a parti- 
ally reduced  vitrified  iron  ore. 

It  is  ftill  doubtful  whether  carbon  has  any 
real  affinity  for  any  of  the  earths  in  a vitrified 
Hate,  that  is,  whether  the  carbon  is  properly 
cl  {[lived  in  the  earthy  glafies  or  only  dijftfed 
through  them  in  a ftate  of  very  minute  divifionr 
In  all  Mr.  Mufhet’s  experiments  with  the  other 
earths  and  carbon,  where  the  latter  was  in  any 
excefs  above  what  might  be  fuppofed  neceflary 
merely  to  deoxygenate  the  iron,  the  refulting 
glafs  received  pretty  uniformly  a more  or  lefs 
deep  tinge  of  muddy  lead  or  llate-bluc,  which 
appears  much  more  like  a mere  diffufion  of  the 
carbon  through  the  glafs  than  a perfedt  folution 
in  it. 

Some  geological  remarks  on  the  fubjedl  of 
Vitrification  will  be  noticed  under  that  article,  and 
we  now  proceed  to  the  manufacture  of  Glafs. 

Glass  invariably  contains  two  efiential  ingre- 
dients, filex,  and  an  alkali,  either  potafh  or  foda, 
and  thele  are  all  that  are  abfolutely  neceflary  for 
its  compofition,  but  other  acceflary  fubftances  are 
alfo  ufed  for  particular  purpofes,  among  which 
may  be  particularly  mentioned  lime  in  the  form 
of  chalk,  borax,  oxyd  of  lead,  oxyd  of  manga- 
nefe,  white  oxyd  of  arfenic  and  nitre.  Each  of 
thefe  requires  fome  feparate  notice. 

The  Si/ex  may  be  obtained  from  various 
fources,  and  of  different  degrees  of  purity, 
according  to  the  finenefs  of  the  glafs  required. 
The  filiceous  material  almoft  univerfally  ufed 
in  this  country  is  fea  fand,  which  is  well  known 
to  confift  of  minute  rounded  grains  of  quartz, 
and  is  already  fufficiently  final!  to  be  ufed  with- 
out any  other  preparation  than  that  of  wafhing. 
The  fined  fand  is  faid  to  come  from  near  Lynn 
on  the  coad  of  Norfolk,  and  alfo  from  the 
wedern  extremity  of  the  Ifle  of  Wight.  Ano- 
ther equally  pure  kind  of  filex  is  the  common 


black  gun-flmts,  which  before  ufing  mud  be 
heated  red-hot  and  immediately  quenched  in 
cold  water.  The  heat  whitens  them,  and  the 
water  fpiits  them  in  every  direction,  by  which 
means  they  may  afterwards  be  ground  in  mills 
without  much  difficulty.  But  this  ground  flint 
though  largely  ufed  in  the  potteries  in  this 
kingdom,  is  fcarcely  ever  employed  in  glafs- 
making  The  rounded  lumps  of  white  quartz 
found  fo  abundantly  in  the  beds  of  rivers  in 
many  mountainous  didri&s,  are  fometimes  ufed 
in  foreign  countries  for  this  purpofe,  being  fird 
heated  and  ground  to  powder. 

The  Alkali  ufed  in  this  manufacture  is  either 
foda  or  potafh,  each  being  apparently  equally 
well  fitted  for  the  purpofe.  It  is  always  ufed 
at  firft  in  the  ftate  of  carbonat,  though  the 
carbonic  acid  flies  off  in  the  procefs,  for  glafs 
is  a compound  of  filex  and  alkali,  and  not  alka- 
line carbonat.  Thefe  alkalies  are  ufed  in  every 
degree  of  purity  according  to  the  required  quality 
of  the  glafs.  For  the  fined  flint-glafs  the  bed 
pearlaffies  purified  by  folution  and  evaporation 
to  drynefs  are  employed,  but  the  inferior  glafies 
are  made  with  the  coarfer  alkalies,  with  barilla 
where  this  alkali  is  cheap,  with  common  wood- 
affies,  and  very  largely  with  kelp.  Though 
thefe  alkalies  are  very  impure,  this  does  not 
prevent  their  difl'olving  the  filex  into  a very 
good  and  perfect  glafs,  for  the  impurities  partly 
confift  of  neutral  falts  and  partly  of  lime  and 
other  earths,  all  of  which  aflift  in  the  vitrifi- 
cation. Glafs  made  from  thefe  alkalies  has 
always  more  or  lefs  of  a green  tinge  as  in  the 
common  bottle-glafs,  owing  to  the  prefence 
of  iron  contained  in  thefe  aftes.  The  methods 
of  purifying  and  preparing  thefe  alkalies  are 
deferibed  under  the  Carbonats  of  the  refpeftive 
alkalies. 

Lime  when  employed  in  glafs-making  is 
generally  ufed  in  the  form  of  chalk.  The 
property  of  lime  and  the  other  alkaline  earths 
in  promoting  the  vitrification  of  filex  has  been 
already  mentioned,  and  {hewn  to  be  very 
powerful,  though  lefs  fo  than  that  of  the  alkalies. 
Lime  is  ufed  only  in  fmall  proportions  in  the 
glafs-pots,  for  the  efcape  of  the  carbonic  acid 
from  the  chalk  during  the  fufion  caufes  the 
materials  to  fwell  to  an  inconvenient  degree  ; 
and  alfo  if  the  lime  is  in  excefs  it  adds  very 
powerfully  on  the  fides  of  the  pots.  Befides, 
an  over  proportion  renders  the  glafs  opake  and 
milky  on  cooling  though  quite  clear  when  hot. 
Experience  has  {hewn  that  to  ico  parts  of  filex 
with  the  requifite  quantity  of  alkali,  no  more 
than  about  6 or  7 of  quick  lime  can  be  added 
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(or  chalk  in  proportion)  without  endangering 
the  clearnefs  of  the  glafs.  The  particular  ule 
of  this  ingredient,  befides  that  of  affording  a 
very  cheap  flux,  is  to  render  the  glafs  eafier  to 
work  and  lefs  liable  to  crack  by  i'udden  changes 
of  temperature. 

Borax  is  perhaps  the  molt  powerful  and 
valuable  flux  that  is  known.  On  account  of 
its  high  price  it  is  not  ufed  in  any  of  the  com- 
mon glades,  but  is  employed  in  the  fineft  kinds 
of  plate  glafs  and  thofe  articles  that  are  re- 
quired to  be  particularly  clear  and  free  from 
fpecks  and  bubbles.  It  is  peculiarly  well  fitted 
for  this  purpofe,  as  it  renders  all  vitrefcent 
compounds  into  which  it  enters  remarkably 
thin-flowing,  and  therefore  bell  adapted  for 
being  call  in  a mould,  which  is  the  way  in  which 
thefe  articles  are  manufactured.  A very  fmall 
quantity  of  borax  will  correct  any  deficient 
llrength  in  the  alkali. 

The  oxyds  of  lead , of  which  litharge  and  minium 
are  the  only  ones  employed  in  the  large  way,  are 
of  Angular  ufe  in  glafs-making.  Litharge  melts 
per  fe  into  a very  denfe  clear  yellow  tranfparent 
glafs,  remarkably  foft  and  unCtuous  to  the  touch, 
fufible  at  a very  low  red  heat,  and  when  melted 
aCting  fo  powerfully  on  all  earthen  veflels  as 
to  run  through  the  common  porous  crucibles 
in  a very  fhort  time,  almoft  like  liquor  through 
a fieve,  but  vitrifying  and  corroding  the  bottom 
of  the  crucible  in  its  paffage.  Litharge  is  there- 
fore a moft  powerful  flux  to  all  earthy  mixtures, 
and  it  imparts  to  glafs  the  valuable  qualities  of 
greater  denfity  and  greater  power  of  refraCting 
the  rays  of  light,  and  of  bearing  fudden  changes 
from  heat  to  cold  without  being  fo  liable  to  crack, 
and  alfo  greater  tenacity  when  red-hot,  and 
therefore  eafier  to  be  worked. 

Moft  of  the  finer  glafles  contain  a con- 
fiderable  quantity  of  this  oxyd,  particularly  the 
London  flint  glafs,  or  that  fort  which  is  ufed 
for  moft  of  the  purpofes  of  the  table,  for  luftres 
and  other  ornamental  works,  which  when  cut 
into  various  forms  difplay  fo  beautiful  a play  of 
light,  for  artificial  gems,  and  for  moft  optical 
purpofes.  Glafs  containing  much  lead  has, 
however,  the  great  defeCt  of  being  extremely 
foft  fo  as  to  be  readily  fcratched  and  injured 
by  almoft  every  hard  body  it  rubs  againft.  It 
is  alfo  extremely  fufible,  fo  that  thin  tubes  of  it 
will  bend  with  eafe  in  the  flame  of  a candle, 
and  will  fink  down  into  a fhapelefs  rnals  at  a 
very  moderate  red-heat.  This  quality  for  che- 
mical purpofes  is  fometimes  an  advantage, 
Ibmetimes  the  contrary.  When  the  lead  is  in 
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excefs  there  is  alfo  fome  danger  of  the  glafs 
being  corroded  by  very  acrid  liquors.  Ano- 
ther defetl  alfo  attending  the  ufe  of  lead  is  the 
extreme  difficulty  of  uniting  it  fo  intimately 
with  the  filex  and  alkali  that  a whole  piece  of 
glafs  wrought  with  it  fhall  be  of  equal  denfity 
throughout,  as  the  litharge  on  account  of  its 
much  fuperior  denfity  is  always  liable  to  fink 
towards  the  bottom  of  the  glafs-pots  before  it 
can  be  detained  by  the  other  ingredients.  This 
inequality  fubfifts  throughout,  fo  that  every 
ftratum  of  the  melted  mafs  is  of  intermediate  den- 
fity between  the  ftratum  above  and  that  below, 
which  is  apt  to  occafion  waves  in  the  glafs  "when 
wrought,  l'uch  as  appear  when  water  is  gently 
poured  on  fulphuric  acid,  without  mixing,  and 
the  veflel  flightly  agitated.  This  defedt  is  par- 
ticularly felt  in  fome  optical  purpofes  wrhere  a 
certain  thicknefs  of  glafs  is  ufed. 

The  black  oxyd  of  manganefe  was  ufed  in  glafs 
making  long  before  its  precife  nature  was  un- 
derftood.  Its  ancient  name  rf  glafs  foap  denotes 
its  particular  ufe,  namely,  that  of  clearing  the 
glafs  from  any  accidental  foulnefs  of  colour 
which  it  would  otherwife  contradf  from  the 
impurity  of  the  alkali,  or  other  materials  em- 
ployed, and  efpecially  the  green  tinge,  owing 
as  already  mentioned,  to  the  prefence  of  iron. 

Many  curious  circumftances  attend  the  ufe 
of  manganefe  in  glafles,  which  have  been  beau- 
tifully illuftrated  by  the  refearches  of  Scheele  4 
and  Bergman.  b They  are  the  following  (ac- 
commodating the  explanation  given  by  thefe 
illuftrious  chemifts  to  the  antiphlogiftic  theory.) 

When  the  oxyd  of  manganefe  is  fufed  with 
any  Ample  glafs  arifing  from  any  admixture  of 
filex  and  alkali,  or  with  borax  and  microcofmic 
fait,  the  refult  is  a glafs  of  more  or  lefs  of  a 
violet-purple  colour,  which  when  the  manga- 
nefe is  at  all  in  confiderable  quantity  is  fo  deep 
as  to  be  almoft  entirely  black.  By  this  fufion 
the  oxyd  of  manganefe  muft  in  all  probability 
lofe  moft  of  its  fuperfluous  oxygen,  or  that  which 
adheres  fo  loofely  as  to  be  expelled  by  mere 
heat,  and  remains  in  that  ftate  (ftill  very  highly 
oxygenated)  in  which  it  is  found  after  having 
been  made  to  yield  oxygen  gas  in  the  common 
way  of  procuring  this  gas.  This  indeed  is 
proved  by  ufing  this  calcined  oxyd  of  manga- 
nefe which  produces  precifely  the  fame  colorific 
effect  in  the  glafs  as  the  unprepared  oxyd. 

But  if  to  this  purple  glafs  ftill  in  fufion  in 
the  crucible  be  added  fome  charcoal,  tartar,  or 
any  carbonaceous  matter,  or  white  arfenic,  an 
efFervefcence  takes  place,  the  colour  gradually 
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becomes  fainter,  and  at  laft  entirely  difappears, 
leaving  the  glafs  quite  clear  and  tranfparent. 

Ill  the  aCtual  manufacture  it  is  found  that  a 
very  fmall  dofe  of  manganefe  produces  no 
fenfible  tinge  of  purple  (its  natural  vitrefcent 
colour)  where  there  is  much  of  a green  tinge 
to  counteract,  but  if  the  quantity  exceeds  this 
point  the  purple  immediately  appears,  and  this 
in  its  turn  is  corrected  by  charcoal,  or  fimply 
in  the  glafs-houfe,  by  thrufting  a billet  of  wood 
down  into  the  melted  glafs,  which  immediately 
becomes  charred  by  the  intenfe  heat,  and  caufes 
the  purple  hue  again  to  vanilh  with  a flight 
effervefcence  of  the  glafs  and  efcape  of  numerous 
fmall  air-bubbles. 

On  the  other  hand  if  a fmall  quantity  of 
nitre  is  added  to  glafs  containing  manganefe 
the  purple  colour  is  immediately  reftored,  or,  if 
prefent  already,  the  difcolouring  effect  of  the 
charcoal  is  prevented  till  the  nitre  becomes  al- 
kalized by  the  heat,  and  mixes  with  the  other 
ingredients  of  the  crucible. 

Thefe  fucceflive  changes  of  colour  are  alfo 
fhewn  in  a ftriking  manner  by  means  of  the 
blow-pipe.  Let  a globule  of  microcofmic  fait 
(compound  phofphat  of  foda  and  ammonia)  be 
fufed  with  the  blow-pipe  upon  a piece  of  char- 
coal, and  add  to  it  a fmall  portion  of  the  black 
oxyd  of  manganefe,  melt  them  together  by  the 
inner  blue  flame,  and  the  globule  will  aflume 
the  violet  purple  peculiar  to  this  oxyd.  Let  it 
be  again  fufed  and  kept  melted  for  a longer 
time  and  the  colour  will  again  difappear. 
Let  the  globule,  now  colourlefs,  be  only  foft- 
ened  by  the  exterior  flame  of  the  blow-pipe, 
and  the  purple  hue  will  return,  but  is,  as  before, 
again  deftroyed  by  a longer  continuance  of  the 
fufion.  The  fmalleft  particle  of  nitre  laid  upon 
the  globule  alfo  immediately  reftores  the  red 
colour. 

If  the  globule  when  colourlefs  be  now  melted 
in  a filver  fpoon,  an  iron  plate  or  any  metallic 
fupport,  inftead  of  refting  on  the  charcoal,  the 
red  colour  fpeedily  returns,  and  will  not  be 
again  removed  by  any  continuance  of  the  fufion 
i'o  long  as  it  remains  on  the  metallic  fupport. 

The  above  appearances  take  place  with  borax 
inftead  of  microcofmic  fait,  but  with  a little 
more  tinge  of  yellow,  and  not  quite  the  fame 
readinefs  in  afluming  the  different  changes. 

To  explain  thefe  phenomena  a fuppofed  dif- 
ference in  the  ftate  of  phlogiftication  has  been 
reforted  to  by  the  former  chemifts,  and  of 
oxygenation  by  thofe  of  the  prefent  day.  The 
oxyd  of  manganefe  gives  the  purple  colour  only 
fo  long  as  it  remains  in  its  higher  ftate  of  oxy- 


genation, but  when  in  contact  with  charcoal,  the 
latter  of  courfe  partially  deoxygenates  it,  car- 
bonic acid  gas  is  formed,  the  caufe  of  the  bub- 
bles always  obferved  on  this  occafion,  and  the 
colour  is  now  loft.  Nitre,  on  the  other  hand, 
is  known  to  give  out  oxygen  largely  as  foon 
as  red-hot,  and  hence  the  manganefe  immedi- 
ately retakes  from  this  fource  the  oxygen  that 
the  charcoal  had  robbed  it  of,  and  refumes  its 
colouring  power.  So  alfo  when  on  the  blow- 
pipe, the  globule  at  firft  is  coloured  by  the 
oxyd,  but  by  keeping  it  entirely  involved  in  the 
jet  of  flame,  the  charcoal  on  which  it  refts  is 
confumed  all  around,  and  after  a time  the 
manganefe  lofes  oxygen,  and  with  it  its  colour- 
ing power.  But  on  again  merely  foftening  it 
with  the  outer  flame  (this  latter  containing  pro- 
bably little  carbonaceous  matter  which  is  not 
actually  burning  in  full  activity)  a nearly  free 
accefs  of  air  is  allowed  to  the  globule,  the 
charcoal  fupport  is  not  rapidly  conlumed,  and 
the  colour  is  reftored. 

The  great  effect  of  the  burning  of  the  char- 
coal fupport  is  further  corroborated  by  the  im- 
poflibility  of  deftroying  the  colour  when  fufed 
upon  any  metallic  body.  Manganefe  therefore 
when  in  fufion  appears  to  have  a very  weak 
affinity  for  juft  that  portion  of  oxygen  which 
makes  the  difference  between  the  colourlefs 
and  the  red  glafs,  readily  parting  with  it  to 
carbon  of  any  kind,  and  alio  to  other  fub- 
ftances  which  will  be  immediately  mentioned, 
but  alfo  again  attracting  it  with  eafe  from  the 
air,  from  nitre,  and  other  bodies  when  giving  out 
oxygen. 

The  other  fubftances  which  take  away  the 
colour  from  glafs  tinged  red  with  manganefe 
are  all  the  falts  with  the  balls  of  fulphuric  acid* 
fuch  as  gypfum,  fulphat  of  foda,  & c.  and  alfo 
fulphur  itfelf,  likewife  the  oxyds  of  tin  and  iron 
and  of  fome  other  metals.  Thefe  fubftances 
however  have  only  this  power  when  alfo  in  con- 
tact with  charcoal,  as  on  the  blow-pipe,  but 
not  in  an  earthen  crucible,  whence  it  may  be 
prefumed  that  they  are  themfelves  firft  deoxyge- 
nated  and  the  fulphats  brought  firft  to  the  ftate 
of  fulphurets,  after  which  they  may  probably 
be  in  a ftate  to  abforb  oxygen  from  the  highly 
oxygenated  manganefe,  and  render  it  colourlefs. 
The  metallic  oxyds  that  deprive  manganefe  of 
colour  and  oxygen  are  therefore  probably  sub- 
oxyds,  and  in  the  procefs  become  themfelves 
more  fully  oxygenated.  This  agrees  fufficiently 
well  with  the  primary  ufe  of  manganefe  in 
counteracting  the  green  colour  given  to  com- 
mon glafs  by  the  iron  of  the  falts  ufed,  for  the 
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mon  glafs  by  the  iron  of  the  falts  ufed,  for  the 
circumftance  of  its  being  green  makes  it  pro- 
bable that  the  iron  is  here  in  the  ftate  of  fub- 
oxyd,  and  by  abforbing  oxygen  from  the  man- 
ganefe  it  prevents  this  latter  when  not  in  ex- 
cefs  from  mixing  any  of  its  own  red-purple 
colour,  and  the  iron  itfelf,  now  more  highly 
oxygenated,  pafies  to  the  Hate  in  which  it  gives 
a yellow  tinge,  which  being  a lighter  colour  is 
much  lefs  perceptible,  and  much  lefs  injures 
the  beauty  of  the  glafs,  This  change  of  iron 
from  green  to  yellow  by  the  adtion  of  oxyd  of 
manganefe  alfo  takes  place  in  the  liquid  folution 
as  obferved  by  Scheele.  On  the  other  hand, 
manganefe  does  not  alter  the  yellow  of  glafs 
tinged  by  the  perfect  oxyd  of  iron  except  in  as 
far  as  it  mixes  its  own  purple  with  it. 

It  muft  be  owned  however,  that  it  is  difficult 
to  account  for  the  decolouring  power  which 
arfenic  exercifes  over  red  glafs  tinged  by  man- 
ganefe on  the  above  fuppofition  of  the  oxyge- 
nation of  the  arfenic  at  the  expence  of  the 
manganefe.  For  it  is  found  that  not  only  the 
white,  and  imperfedt  oxyd  of  arfenic  has  this 
effedt,  but  all  the  arfeniats,  or  combinations  of 
the  arfenic  acid,  which  is  already  at  the  higheft 
ftate  of  oxygenation,  and  this  alfo  occurs  in 
clofe  veflels ; fo  that  it  is  difficult  to  conceive 
how,  when  the  arfenic  acid  is  prefent,  any 
oxygen  fhould  pafs  into  it  from  the  manganefe, 
or  how  in  any  way  the  latter  fhould  lofe  oxygen 
whilft  the  glafs  lofes  its  colour. 

The  perfect  deftrudtion  of  the  tinging  power 
of  manganefe  by  the  addition  of  arfenic  in  any 
form  is  {hewn  as  well  in  the  fimple  glaffes  as  in 
thofe  in  which  any  other  colouring  oxyd  is 
prefent,  for  when  the  manganefe  is  allowed  to 
be  adtive  the  colour  is  a compound  of  the  manga- 
nefe red,  and  the  proper  tinge  belonging  to  the 
other  fubftance.  Thus  a mixture  of  oxyd  of 
cobalt  and  oxyd  of  manganefe,  in  the  colouring 
ftate  is  of  a dark  purple,  but  on  the  addition  of 
any  arfeniat,  or  of  white  arfenic,  the  manganefe 
is  made  inadlive,  and  the  proper  cobalt  blue 
alone  appears. 

Thus  Klaproth  b made  the  following  experi- 
ments on  a natural  mixed  ore  of  cobalt  and 
manganefe.  Half  an  ounce  of  filex,  and  as 
much  calcined  borax  were  combined  with  io 
grains  of  a mixed  oxyd  of  cobalt  and  manga- 
nefe, and  vitrified  in  a porcelain  pot.  The  re- 
fult  was  a glafs  of  a weak  cloudy  amethyftine 
colour. 

The  fame  mixed  oxyd  was  then  diflblved  in 
muriatic  acid,  and  precipitated  by  arfeniated 
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foda.  This  gave  a lavender-blue  powder  which 
was  a compound  of  arfeniated  oxyd  of  cobalt 
and  manganefe,  and  being  combined  with  the 
fame  proportion  of  filex  and  borax  now  melted 
into  a glafs  of  a very  fine  fapphire-blue  colour; 
the  manganefe  therefore  being  made  inactive, 
and  the  cobalt  alone  giving  the  tinge. 

Hence  the  neceffity  where  the  red  colour  of 
manganefe  is  wanted  to  avoid  every  thing  arfeni- 
cal,  and  alfo  nitre  is  generally  added  to  keep  the 
manganefe  always  at  the  proper  ftate  for  im- 
parting its  colour. 

The  oxyd  of  manganefe  is  a very  powerful 
flux  for  all  earthy  matters.  This  is  feen  in  the 
refult  of  all  the  attempts  to  reduce  it  to  a 
reguline  ftate  in  the  ufual  way  of  combining 
with  a faline  carbonaceous  flux,  and  heating  in 
a naked  crucible.  Not  a particle  of  the  oxyd  i$ 
reduced  in  this  way,  but  the  crucible  conftantly 
runs  down,  in  a heat  fufficiently  intenfe  for 
the  redudtion  of  manganefe,  together  with  all 
its  contents,  into  a green  flag.  The  only  way 
hitherto  known  of  reducing  this  oxyd  is  to  en- 
clofe  it  without  any  faline  or  earthy  addition 
in  a crucible  lined  with  charcoal,  and  apply  a 
very  intenfe  heat.  Manganefe  as  well  as  lead 
gives  a great  denfity  to  glafs,  and  alfo  like  lead 
it  always  fettles  fomewhat  to  the  bottom  of  the 
pots  where  it  accumulates,  and  being  here  out 
of  the  way  of  moft  of  the  decolouring  additions 
it  gives  a purple  to  the  glafs  immediately  ad- 
hering to  the  bottom,  and  partly  corrodes  the 
pots,  fo  that  when  thefe  are  worn  out  and 
broken  up,  they  are  deeply  encrufted  with  a 
thick  purple  vitrefcent  flag  eafily  feparable  by 
the  hammer. 

The  white  Oxyd  of  Arfenic  is  another  flux  ufed 
pretty  largely  in  glafs-making.  This  fubftance 
(as  fully  mentioned  under  the  article  arfenic) 
is  volatile  in  the  fire  in  proportion  as  it  ap- 
proaches the  metallic  ftate,  and  hence  it  is  of 
advantage  to  employ  nitre  to  oxygenate  it  more 
highly,  and  make  it  more  fixed.  Its  ufe  in 
corre£ting  the  purple  red  colour  of  manganefe 
has  been  juft  mentioned.  Arfenic  is  a very 
powerful  flux,  and  very  cheap,  but  muft  be 
ufed  only  in  great  moderation,  for  it  takes  a 
longer  time  to  mix  intimately  with  glafs,  and 
to  allow  it  to  be  perfectly  clear,  than  any  other 
of  the  additions  commonly  employed.  Glafies 
in  which  the  arfenic  is  not  thoroughly  or  long 
enough  fufed  have  a milky  hue,  which  encreafes 
by  age  : when  the  arfenic  is  in  excefs  they  tend 
to  deliquefcence,  gradually  become  foft,  and 
are  decompofed.  They  are  befides  unfafe  as 
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■drinking  veffels.  The  arfenic  is  conftantly  vo- 
latilizing from  the  arfenical  glafs  when  pre- 
paring, that  is,  till  it  is  intimately  united  with 
the  reft  of  the  glafs,  after  which  however  it 
cannot  again  be  feparated  by  heat  or  any  com- 
mon means. 

As  arfenic  is  entirely  volatilized  when  in  con- 
tact with  any  carbonaceous  matter  another  ufe 
has  been  made  of  it,  which  is  to  difperfe  any 
fuch  matter  which  may  remain  in  the  glafs, 
owing  to  a defeat  in  the  calcination  of  the 
alkali,  or  any  other  caufe.  c When  this  hap- 
pens, fmall  lumps  of  white  arfenic  are  fometimes 
thruft  down  to  the  bottom  of  the  glafs-pots  and 
ftirred  in  with  the  contents,  and  the  arfenic 
meeting  with  the  unburnt  carbon  diffufed 
through  the  glafs  unites  with  it,  is  fpeedily 
volatilized  with  it,  and  the  glafs  is  left  freed 
both  from  the  adhering  carbon,  and  alfo  from 
mod  of  the  arfenic  that  was  added.  The 
motion  excited  through  the  melting  glafs  by  the 
volatilization  of  the  arfenic  is  alfo  thought  ufeful 
in  haftening  the  compleat  vitrification  of  the 
ingredients. 

Nitre  is  ufed  in  glafs-making  only  in  fmall 
quantities,  and  is  an  acceflary  ingredient  to 
fulfil  particular  purpofes.  This  fait  at  a heat 
even  much  below  that  of  the  glafs-pots  is  readily 
decompofed,  giving  out  much  oxygen,  nitrous 
gas  and  azot,  and  leaving  behind  its  pure  pot- 
afh.  It  is  of  fervice  in  deftroying  any  carbo- 
naceous matter  in  the  ingredients  of  the  glafs 
(with  which  it  fhould  be  mixed  before  fufion) 
and  its  ufe  in  fixing  arfenic,  and  in  keeping  up 
the  tinging  power  of  manganefe  has  been  al- 
ready mentioned.  The  fame  circumftance  of 
keeping  metallic  oxyds  up  to  their  higheft  ftate 
of  oxygenation,  alfo  renders  this  fait  often  ufeful, 
and  even  necefi'ary  in  the  preparation  of  fome 
others  of  the  coloured  glades. 

Of  the  proportion  of  Silex  to  the  Saline  fluxes. 

The  exaCl  proportion  and  number  of  ingre- 
dients that  enter  into  every  fpecies  of  glafs  can- 
not eafily  be  obtained  with  any  certainty,  though 
many  apparently  good  mixtures  are  given  by 
different  authors  which  will  be  afterwards  men- 
tioned. But  fome  obfervations  may  be  made 
on  the  folvent  power  of  mere  alkali  over  filiceous 
earth,  which  is  the  bafis  of  the  rules  for  the 
compofition  of  glafs,  as,  ftri&ly  fpeaking,  no- 
thing elfe  is  necefi'ary  for  the  formation  of  glafs 
than  a folution  of  filex  in  alkali  by  a melting 
heat,  and  all  the  other  additions  are  more  pro- 
perly ufeful  than  necefi'ary  ingredients. 


When  filex  is  melted  with  twice  its  weight, 
or  more,  of  dry  carbonated  alkali,  either  potalh 
or  foda,  the  refult  is  a very  foft  deliquefcent 
vitreous  mafs,  always  more  or  lefs  opake, 
ftrongly  alkaline  to  the  tafte,  and  which  on 
expofure  to  moift  air,  or  more  fpeedily  if  put 
into  water,  totally  diflolves  into  a clear  liquor 
which  is  a folution  of  filex  in  alkali.  This 
filicited  alkaline  folution  is  decompofed  by  all 
the  acids,  which  feparate  the  filex  in  the  form  of 
a white  powder. 

When  the  alkali  employed  (meaning  all  along 
in  this  place  the  dry  carbonated  alkali)  only 
equals  the  filex  in  weight,  or  at  leaft  does  not 
much  exceed  it,  the  glafs  is  now  tranfparent,  but 
is  ftill  foluble  in  water  as  before. 

It  is  not  till  the  alkali  is  diminifhed  to  about 
one  half  of  the  weight  of  the  filex  that  the  glafs 
becomes  perfe&ly  hard  and  infoluble  in  any 
corrofive  liquors,  (the  fluoric  acid  excepted)  and 
in  fhort,  acquires  the  character  of  a perfect 
glafs. 

This  proportion  therefore,  that  is,  two  parts 
of  fand  to  one  of  alkali  is  ufually  the  datum  on 
which  the  dofes  of  the  fpecies  of  alkalies  actu- 
ally ufed  are  regulated.  d Thus  if  common 
wood  afties  (of  which  the  alkaline  part  is  reck- 
oned at  no  more  than  io  per  cent.)  are  em- 
ployed, ioo  lbs.  of  thefe  would  require  no 
more  than  about  20  lb.  of  fand.  If  the  beft 
Spanifh  barilla  containing  from  45  to  50  per 
cent,  of  carbonat  of  foda,  be  ufed,  an  equal 
weight  of  fand  may  be  added;  but  if  purified 
pearlalh  be  taken,  it  will  melt  down  perfectly 
twice  its  own  weight  of  fand. 

But  glades  compofed  merely  of  pure  alkali 
and  fand  require  a very  ftrong  fire  for  their 
fufion,  and  are  hard,  harlh,  and  difficult  to 
work.  They  are  therefore  never  ufed  alone, 
for  even  when  common  allies  and  fand  are  the 
only  ingredients,  the  allies  contain  an  abun- 
dance of  earth  and  other  fubftances.  As  one 
half  the  weight  of  the  fand  is  reckoned  an 
abundant  allowance  of  alkali,  it  follows  of 
courfe  that  when  litharge,  arfenic,  borax,  or 
any  other  fluxes  are  employed,  the  quantity 
of  alkali  will  be  proportionally  diminifhed. 

It  mull  not  be  fuppofed  that  the  glafles 
themfelves  contain  nearly  the  original  propor- 
tion of  filex  and  alkali  that  was  put  into  the 
glafs-pots.  Of  thefe  two  materials  the  alkali 
is  abundantly  volatile  in  the  intenfe  fire  ne- 
cefi'ary for  glafs-making,  but  the  filex  is  abfo- 
lutdy  fixed,  and  hence  in  proportion  to  the 
ftrength  and  continuance  of  the  fire  the  relative 
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quantities  of  the  two  are  conftantly  altering, 
that  of  the  alkali  diminifhing,  and  that  of  the 
filex  and  other  ingredients  increafing.  That 
the  alkali  does  really  volatilize,  and  very  rapidly 
at  firft  when  in  large  proportion  in  the  mix- 
ture, is  put  beyond  a doubt  by  the  denfe  va- 
pour which  always  proceeds  from  the  glafs- 
pots  when  the  glafs  is  firft  heating,  and  which 
corrodes  the  covers  of  the  crucibles,  and  by 
various  other  tefts  is  proved  to  be  part  of  the 
alkali  efcaping.  This  may  partly  be  owing  to 
a want  of  thorough  mixture  of  the  filex,  which, 
though  in  grains  when  fand  is  ufed,  is  very  far 
Ihort  of  ^ntimate  mechanical  mixture.  No  con- 
tinuance of  heat  indeed  can  drive  off  all  the 
alkali,  for  when  once  melted  into  glafs,  it  muft 
remain  as  fuch,  but  the  folvent  power  of  alkali 
upon  filex  increafes  in  proportion  as  the  tem- 
perature is  raifed,  as  occurs  in  mod  other  cafes 
of  folution. 

Mr.  Loyfel  e has  the  following  remarks  on 
the  fubjedl  of  the  volatilization  of  the  al- 
kali, but  it  is  to  be  wilhed  that  he  had  given 
more  of  the  particulars  of  the  experiments  on 
which  they  are  founded.  If  a mixture  of  two 
parts  of  fand  and  one  of  alkali  be  expofed  for 
the  accuftomed  number  of  hours  in  the  or- 
dinary glafs-houfe  fires  (about  8ooo°  degrees 
Reaumur)  the  glafs  when  finifhed  will  contain 
no  more  than  a fourth  part  of  alkali,  all  the  reft 
having  been  diflipated.  If  the  glafs  be  heated 
fo  as  to  retain  no  more  than  about  15  or  20 
of  alkali  to  100  of  filex,  it  will  be  very  hard, 
tranfparent,  and  almoft  equal  in  beauty  to  rock 
cryftal.  Of  a glafs  originally  made  of  two 
parts  of  fand  and  three  of  alkali,  Mr.  Loyfel 
obferves  that  if  kept  in  the  heat  of  3000°  for 
one  or  two  days  the  refult  will  be  a foft  glafs 
retaining  nearly  equal  parts  of  alkali  and  filex; 
if  further  heated  to  9000°  a folid  glafs  will  re- 
main compofed  of  about  four  parts  of  filex  to 
one  of  alkali ; and  laftly,  if  urged  to  a heat  of 
10  to  12000°  the  glafs  will  be  extremely  hard, 
brilliant,  and  will  confift  of  no  more  than  three 
parts  of  alkali  to  feven  of  filex. 

All  the  common  alkalies  are  largely  mixed 
with  various  neutral  falts,  particularly  common 
fait,  and  fome  of  the  fulphats.  It  does  not 
feem  entirely  afcertained  what  {hare  thefe  have 
in  the  vitrification.  It  is  generally  afferted  that 
they  are  merely  inefficient  and  a£I  as  extrane- 
ous bodies,  and  it  is  certain  that  during  the 
fufion  of  the  glafs  materials  a quantity  of  1'cum 
rifes  to  the  top  of  the  pots,  which  is  a very 
heterogeneous  mixture  of  common  fait  and  other 
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neutral  falts  and  other  impurities  of  the  alkali, 
as  will  be  prefently  noticed.  Common  fait  being 
readily  volatile  in  a full  red  heat  can  fcarcely  be 
fuppofed  to  contradl  much  permanent  union 
with  the  filex,  and  yet  if  a quantity  of  this  fait 
be  inclofed  in  a well  luted  crucible  and  heated 
without  addition,  it  will  readily  penetrate  the 
fides  of  the  veffel,  and  deeply  corrode  them  in 
its  paffage. 

But  the  fulphats  being  fixed  in  the  fire  can 
withftand  without  volatilization  all  the  heat  of 
the  glafs-pots,  and  at  this  temperature  they  are 
decompofed  largely  by  the  filex,  this  earth 
uniting  with  the  alkali  of  the  fulphat  and  the 
acid  flying  off  alone.  Thus  if  three  parts  of 
fulphat  of  foda  and  one  of  filex  are  put  into  an 
earthen  retort  with  a receiver,  and  the  fire 
ftrongly  urged  to  whitenefs,  a tranfparent  glafs 
of  filex  and  foda  will  remain,  and  the  receiver 
will  contain  much  fulphureous  acid. 

This  is  one  of  the  very  frequent  examples  of 
chemical  affinity  being  changed  by  temperature, 
for  at  any  common  heat  the  fulphuric  acid  has 
a much  ltronger  affinity  for  alkali  than  this  has 
for  filex,  and  therefore  will  decompofe  the  folu- 
tion of  filicited  alkali,  and  feparate  the  filex.  Of 
the  common  neutral  falts  therefore,  the  muriats 
probably  add  but  little  to  the  quantity  of  real 
flux,  but  on  the  contrary,  the  fulphats  are  im- 
portant additions,  and  leave  in  the  glafs  pot  the 
alkali  or  earth  with  which  they  were  united. 
Hence  in  fome  places  fulphat  of  foda  where 
impure  and  not  referved  for  other  purpofes, 
is  fold  to  the  glafs-makers,  and  found  to  an- 
fwer  compleatly.  This  is  the  cafe  at  Freyberg, 
where  the  pyritical  ores  of  filver  and  copper 
after  roafting  are  converted  into  fulphats,  from 
which  a large  quantity  of  impure  fulphat  of  foda 
mixed  with  fome  arfeniats  is  obtained,  which 
is  ufed  without  preparation  as  the  foie  flux  in 
glafs-making.  f 

Of  the  Glafs  Furnaces  and  Pots. 

Glafs  is  made  in  large  deep  pots  or  crucibles 
clofed  every  where  except  at  one  fide-opening, 
and  arranged  round  a kiln  or  dome-fhaped  oven, 
into  the  middle  of  which  they  projedt,  and  by 
which  they  are  entirely  enclofed  except  at  the 
fide  orifice  above  mentioned,  which  opens  into 
a fmall  recefs  formed  by  the  alternate  projec- 
tions of  the  mafonry  and  flues  of  the  kiln  in 
which  recefs  the  workmen  ftand. 

The  kiln  is  fupported  on  arches,  beneath 
which  is  a large  fpace  for  a brifk  and  copious 
draught  of  cold  air  from  without.  The  floor 
of  the  kiln  nearly  level  with  the  ground  is 
f Journ.  de  Phyf.  tom.  51. 
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covered  with  a grate  of  very  ftrong  iron  bars 
on  which  the  fuel  is  thrown,  and  the  flame 
draws  very  ftrong  and  fierce  round  the  pots, 
and  paffes  out  together  with  the  fmoke,  in  one 
body  through  the  top  of  the  dome  which  is 
lengthened  into  a chimney  for  the  fpace  of  a 
few  feet.  The  precife  conftruction  of  the  glafs- 
houfe  can  only  be  underftood  by  figures,  which 
cannot  be  given  in  this  place.  At  the  top 
of  the  dome  between  the  pots  and  the  chimney, 
is  a kind  of  broad  covered  fhelf  which  is  heated 
by  the  flame  in  its  p adage  round  it,  but  to  a 
much  lefs  degree  of  intenfity  than  the  pots,  and 
ferves  as  a receptacle  for  the  glafs  as  foon  as 
wrought,  in  which  it  may  cool  flowly  and  gra- 
dually. This  is  the  annealing  oven. 

Very  great  care  is  required  in  building  a 
glafs-houfe  to  form  the  bricks  of  an  earth  which 
combines  in  the  higheft  degree  the  qualities  of 
denfity  and  infufibility,  fo  as  to  enable  them  to 
withftand  the  unceafing  action  of  very  ftrong 
heat  for  a great  length  of  time,  for  the  fires  are 
feldom  fuffered  to  go  out  from  the  time  the 
furnace  begins  to  be  in  action,  till  the  inevitable 
wear  and  fufion  of  the  walls  renders  a repair 
neceffary,  which  may  be  in  about  two  or  three 
years.  But  ftill  greater  attention  is  required 
in  felecting  pi'oper  materials  for  the  glafs-pots, 
as  thefe  have  to  withftand  for  a given  time  not 
only  the  conftant  action  of  a very  fierce  fire, 
but  alfo  the  folvent  power  of  the  glafs  itfelf 
with  the  variety  of  powerful  fluxes  in  full  vitri- 
fication. The  pots  therefore,  being  made  of 
earth,  mult  necefiarily  be  themfelves  always 
gradually  diiTolving  in  their  contents,  and  hence, 
befides  the  property  of  difficult  fufibility,  an 
earth  of  confiderable  purity  is  required  for  thefe, 
fo  that  a fmall  admixture  with  the  glafs  may  not 
injure  its  quality. 

The  chief  material  both  of  the  walls  of  the 
furnace  and  of  the  pots  is  clay,  as  it  is  of  al- 
moft  every  veflfel  and  fubftance  deftined  to  bear 
a long  and  violent  heat.  This  is  mixed  with 
fand,  in  different  proportions  according  to  its 
quality,  for  the  fire-bricks  and  other  parts  of  the 
furnace.  On  an  average  a fine  ftiff  clay  will 
require  about  two-thirds  as  much  of  fand  to 
bring  it  to  fuch  a confiftence  that  it  will  work 
eafily,  dry  into  a very  compact  mafs,  and  refill: 
the  impreffion  of  fire  for  a length  of  time.  Still 
however,  this  addition  of  fand  renders  it  in 
feme  degree  fufible,  fo  that  when  the  fire  is  in 
activity,  drops  of  vitrified  earth  are  conftantly 
and  flowly  falling  from  the  walls,  fome  of 
which  cannot  be  prevented  from  dropping  into 
the  glafs  and  mixing  with  it.  The  crucibles 


are  made  of  a ftill  more  refractory  mixture, 
which  confifts  Amply  of  raw  and  of  burnt  clay, 
the  latter  is  called  technically  cement , and  is 
procured  from  the  remains  of  the  former  fur- 
naces when  pulled  down  for  reparation.  As 
clay  lofes  its  plafticity  by  baking,  it  then  an-' 
fwers  all  the  purpofes  of  fand  in  diminiffiing 
the  tenacity  of  the  mafs,  and  efpecially  in  lef- 
fening  the  fhrinkage  whilft  drying,  and  being 
the  fame-'kind  of  earth  as  the  unbaked,  it  adds 
nothing  to  the  vitrefeibility  of  the  material, 
for  as  has  been  already  fhewn,  earthy  com- 
pounds are,  ceteris  paribus , fufible  in  proportion 
to  the  number  of  ingredients  of  whicbethey  are 
compofed. 

The  particular  manipulations  employed  in 
conftructing  a glafs-furnace  and  pots  are  fo- 
reign to  the  prefent  purpofe : very  great  pre- 
caution is  ufed  in  drying  them  thoroughly  and 
very  gradually.  This  is  peculiarly  neceffary  in 
making  the  pots,  for  as  they  are  intended  to 
hold  a confiderable  weight  of  glafs,  and  to  laft 
many  months,  they  muft  be  made  very  thick1 
and  ftrong,  and  therefore  would  readily  crack 
without  much  care.  When  finifhed  they  are 
firft  kept  in  a warm  fheltered  room  for  many 
weeks  to  diffipate  much  of  their  moifture,  and 
the  fmall  fiffures  formed  by  the  unequal  ffirink- 
ing  of  the  clay  are  clofed  up  by  beating  gently 
with  a mallet.  They  are  afterwards  heated 
extremely  gradually  in  a fmall  oven  made  for 
this  purpofe,  and  are  flowly  brought  to  a red 
heat  and  kept  there  the  requifite  time,  after 
which  they  are  removed,  whilft  ftill  hot,  to 
the  furnace  and  foldered  down  to  their  place  by 
fire  clay.  A ftill  further  fhrinkage  takes  place 
when  in  the  furnace,  for  which  reafon  they  are 
let  to  ftand  empty  for  a day  or  two  before  they 
are  fitted  to  receive  the  materials  for  glafs. 
Thefe  pots  laft  on  an  average  about  a year,  and 
hence  they  muft  be  changed  once  or  twice 
during  the  continuance  of  the  furnace  itfelf. 

The  fuel  ufed  in  this  country  is  conftantly 
coal,  and  the  beft  is  of  the  kind  that'  gives  a 
ftrong  fteady  blaze.  As  the  glafs-pots  open 
only  outward  none  of  the  fuel  or  flame  comes 
in  contact  with  their  contents,  except  through 
any  accidental  crack  in  the  clay  foldering. 

Confiderable  variety  prevails  refpecting  the 
exact  form  and  conftruction  of  the  furnace  and 
crucibles,  in  different  countries,  and  alfo  ac- 
cording to  the  kind  of  manufacture,  and  in  par- 
ticular the  plate-glafs  furnace  requires  a different 
arrangement. 

Of  the  Fufion  and  working  of  Glafs. 

The  fand,  alkali,  and  other  materials  for  the 
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glafs  after  mixture  are  ufually  firft:  calcined  for 
a longer  or  (horter  time  by  a feparate  operation 
before  they  are  transferred  to  the  glafs-pots. 
This  operation  is  called  fritting , and  is  per- 
formed either  in  fmali  furnaces  clofe  adjoining 
to  the  proper  glafs  furnace  and  heated  by  the 
fame  fuel  after  the  chief  force  has  been  fpent 
upon  the  glafs-pots,  or  elfe  in  fmali  furnaces 
or  ovens  conftrufted  for  the  exprefs  purpofe. 
The  ufes  of  fritting  are,  to  drive  off '-all  moif- 
ture  from  the  materials  which  might  endanger 
the  glafs-pots,  to  expell  part  of  the  carbonic 
acid  from  the  alkalies  and  chalk,  and  thus  to 
moderate  the  fwelling  up  in  the  glafs-pots,  and 
efpecially  to  caufe  an  adhefion  or  commence- 
ment of  chemical  union  between  the  alkali  and 
files,  and  the  metallic  oxyds.  For  if  the  raw 
materials  were  immediately  expofed  to  the  in- 
tenfe  heat  of  the  glafs-pots,  the  alkali  would 
flow  thin  like  water,  and  the  grofler  particles 
of  the  fand  and  the  heavier  oxyds  would  fall 
to  the  bottom,  leaving  the  alkali  above  nearly 
• difengaged,  and  therefore  liable  ftrongly  to  aft 
on  the  crucibles,  and  alfo  a large  portion  would 
be  rapidly  volatilized  to  mere  wafte.  The 
glafs  materials  therefore  would  thus  have  an 
excefs  of  fand  from  the  lofs  of  the  alkali,  and 
a portion  would  remain  at  the  bottom  unvit- 
rified. 

Fritting  fhould  be  gradual,  and  carried  to 
the  point  of  femi-vitrification,  in  which  the 
materials  ftrongly  adhere  and  begin  to  become 
pafty,  but  are  ftill  opake  and  not  yet  homoge- 
neous. It  has  the  further  ufe  of  deftroying  any 
carbonaceous  matter. 

When  the  materials  are  fufficiently  fritted 
they  are  thrown  into  the  glafs-pots  with  clean 
iron  (hovels  through  the  fide  opening.  The 
fire  is  previoufly  railed  to  its  greateft  intenfity 
to  prevent  the  whole  furnace  from  being  chilled 
and  to  fave  time.  As  the  fritted  materials  are 
much  more  bulky  than  when  they  fall  into  a 
thin-flowing  glafs,  the  pots  receive  their  full 
charge  by  two  or  three  fucceffive  portions,  the 
laft-added  'being  always  thoroughly  melted 
down  before  a frelh  charge  is  thrown  in. 
When  full,  the  fide  opening  is  clofed  up  with 
wet  clay,  except  a fmali  hole  for  examining  the 
work,  which  clofure  is  pulled  down  when  the 
glafs  is  well  refined  and  about  to  be  worked 
off. 

As  foon  as  the  frit  begins  to  feel  the  aftion 
of  the  fire  in  the  glafs-pots  which  is  imme- 
diately railed  to  its  greateft  pitch,  it  finks 
down  into  a foft  pafty  date,  which  gradually 
encreafes  in  tenacity  till  a perfeft  fufion  is 


effefted.  It  is  ftill  however  opake  at  firft,  owing 
to  the  rifing  of  a quantity  of  a white  porous 
fcum,  the  nature  of  which  has  engaged  much 
attention,  and  is  known  by  the  name  of  fan- 
diver , or  glafs-gall.  This  fubftance  appears  to 
be  a confufed  mafs,  confiding  of  all  thofe  falts 
contained  in  common  alkalies  which  readily 
melt  at  fomewhat  lefs  than  a glafs-making  heat, 
and  are  either  naturally  confiderably  volatile, 
or  have  little  if  any  affinity  for  filex,  and  do 
not  unite  in  the  compofition  of  glafs,  but  being 
fuperficially  lighter,  rife  to  the  top.  There  is 
another  heterogenous  fubftance  alfo  called  fan- 
diver,  which  fometimes  is  found  at  the  bottom 
of  the  pots,  and  is  taken  out  when  the  whole 
is  worked  off.  The  nature  of  this  is  very  dif- 
ferent from  the  ether,  and  confifts  apparently 
of  a vitrified  mafs  of  arfenic  and  earthy  impu- 
rities. But  the  fcum  or  proper  glafs-gall  is  al- 
moft  entirely  faline.  When  laded  out  and 
cooled  it  forms  a white  crumbly  mafs,  fome- 
times quite  white,  and  at  other  times  brown 
and  fouled,  and  ftrongly  faline,  but  not  very 
uniform  in  its  compofition,  being  fometimes 
merely  fait,  often  very  bitter,  probably  as  com- 
mon fait  or  fulphat  of  potafli  predominate.  Glafs- 
gall  is  very  volatile  in  a ftrong  fire,  fo  that 
it  is  conftantly  difperfing  from  off  the  furface 
of  the  glafs  in  a denfe  vapour,  at  firft  thick  and 
black,  afterwards  whiter,  which  very  power- 
fully corrodes  the  top  of  the  crucible  in  its 
paffage.  If  the  fufion  were  continued  long 
enough  the  whole  would  be  difperfed  merely  in 
this  way,  but  it  is  generally  fcummsd  off  with 
iron  ladles,  and  fold  to  metal-refiners  as  a pow- 
erful flux.  As  part  of  the  alkali  itfelf  certainly 
is  diflipated  by  the  continuance  of  fire,  partly" 
before  it  can  unite  with  the  filex,  partly  from 
the  glafs  itfelf,  much  of  the  corrofion  of  the 
pots  muft  be  owing  to  this  circumftance,  and 
probably  it  muft  alfo  unite  in  part  with  the 
glafs-gall,  which  renders  it  (lightly  deliquefeent- 
An  abundance  of  this  glafs-gall  is  one  of  the 
greateft  inconveniences  that  the  glafs-maker  can 
meet  with,  for  it  requires  a confiderable  time 
of  very  ftrong  heat  before  the  whole  can  be 
diflipated,  or  if  the  glafs  be  wrought  before  it 
is  thoroughly  purged  of  this  material  it  is  full 
of  bubbles,  unfound,  and  has  a cloudy  gela- 
tinous appearance.  Glafs  made  with  potafh  is 
more  likely  to  fuffer  from  glafs-gall  than  the 
foda  glades,  for  the  potafti-glafies  are  harder 
and  do  not  run  fo  thin  as  the  others,  and  the 
glafs-gall  arifing  from  them  does  not  fo  eafily 
diflipate  in  the  fire. 

During  this  part  of  the  procefs  fmali  famples 
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are  occafionally  drawn  out  of  the  pots  with 
an  iron  rod  to  examine  the  ftate  of  the  ma- 
terials, and  gradually  the  glafs  becomes  more 
and  more  flexible,  denfe,  and  lefs  brittle,  and 
at  laid  the  glafs-gall  is  entirely  diffipated,  and 
the  vapours  which  it  occafloned  are  no  longer 
to  be  perceived.  This  is  the  firft  and  very 
well  defined  ftep  in  the  procefs  of  glafs-melt- 
ing. 

The  glafs  is  now  full  of  minute  fpeclcs  or 
bubbles  which  the  continuance  of  the  heat 
caufes  to  expand  and  burft  at  the  top,  till  at  laft 
it  refines  beautifully  clear,  tranfparent,  and  co- 
lourlefs,  as  is  feen  by  the  famples  which  are 
from  time  to  time  taken  out  and  cooled.  This 
fecond  procefs,  namely,  from  the  ceffation  of 
the  vapour  of  the  glafs-gall  and  its  thorough 
removal,  to  the  time  when  the  glafs  is  perfeftly 
clear  and  free  from  bubbles,  is  called  the  re- 
fining. The  glafs  is  now  compleat,  but  is  of 
too  thin  a confiftence  to  be  wrought,  it  is  there- 
fore cooled  by  Hopping  the  draught  of  the  fire 
round  the  individual  pot,  and  in  cooling  it 
thickens  to  the  working  point.  The  clay  with 
which  the  opening  was  luted  is  then  picked 
off  and  the  working  begun.  But  if  the  glafs  is 
to  be  call  into  plates  (as  all  the  large  mirrors  are) 
a much  fhorter  cooling  is  required,  as  for  this 
purpofe  it  is  required  to  flow  very  thin  and 
hot. 

The  particular  manner  of  managing  the 
pots,  and  the  alternations  of  filling  and  work- 
ing them  off  varies  confiderably,  and  depends 
chiefly  on  the  convenience  of  the  manufac- 
turer. Sometimes  half  the  number  of  pots 
(which  are  generally  fix  in  common  glafs- 
houfes)  are  kept  in  the  working  ftate,  whilft 
the  materials  are  melting  or  refining  in  the 
three  others,  and  fometimes  they  are  all  filled 
together.  On  ail  average  it  takes  about  forty- 
eight  hours  for  the  fine  flint  glaffes,  from  the 
time  that  the  pots  are  firft  filled  till  the  glafs  is 
ready  for  working,  but  there  is  no  occafion  to 
ufe  it  immediately,  as  it  may  be  allowed  to  re- 
main a confulerable  time  at  a low  working  heat 
without  any  injury. 

When  the  glafs  is  cooled  down  to  the  work- 
ing heat,  which  is  a very  full  red,  it  has  a kind 
of  confiftence  and  tenacity  not  exa£lly-  to  be 
found  in  any  other  fubftance  in  nature.  It  is 
juft  foft  enough  to  yield  with  the  greateft  eafe 
to  any  outer  impreflion,  even  to  the  force  of  the 
breath  when  urged  pretty  ftrongly  in  the  center 
of  the  glowing  mafs,  and  may  be  bent,  pulled 
out  and  fhaped  in  every  pofii'ole  way  ; and  its 
tenacity  is  fucli  that  it  extends  uniformly  with- 


out producing  any  cracks  or  fiffures,  but  when 
ftretched  to  the  utmoft  it  pulls  out  to  a folid 
ftring,  the  diameter  of  which  is  conftantly  de- 
creafing  till  it  feparates  from  the  mafs  in  a 
thin  capillary  thread.  As  it  cools  it  ftiftens, 
and  becomes  perfectly  brittle,  which  takes  place 
when  no  longer  red  hot,  and  at  this  time  alfo 
it  becomes  tranfparent.i  Melted  glafs  adheres 
very  feebly  to  polifhed  metal,  lo  that  it  is 
wrought  with  bright  iron  tools  with  the  utmoft 
eafe. 

Almoft  every  kind  of  glafs  veffel,  and  utenfil, 
common  window  glafs,  and  in  Ihort,  almoft 
every  manufabtured  glafs  article  except  plate- 
glafs,  is  fhaped  out  of  a hollow  globe  formed  by- 
blowing.  The  inftrument  ufed  for  this  pur- 
pofe is  limply  a hollow  iron  rod  about  four  or 
five  feet  long,  which  the  workman  firft  dips 
in  the  glafs-pot  and  turns  about  till  a fufficient 
mafs  of  the  melted  glafs  adheres  to  it,  he  then 
holds  it  near  the  ground  by  which  the  mafs 
pulls  out  and  lengthens  by  its  own  weight,  and 
then  blows  ftrongly  through  the  tube.  The 
breath  thus  penetrates  the  center  of  the  red- 
hot  mafs,  and  immediately  extends  it  into  an 
uniform  hollow  globe  of  the  required  thick- 
nefs.  This  mull  be  immediately  blown  out  as 
large  as  intended,  and  the  force  of  the  breath 
kept  upon  it  for  a few  feconds  till  it  ftiffens  by 
cooling,  otherwife  it  would  again  fink  in  by 
the  compreffion  of  the  denfer  external  air.  This 
operation  produces  a hollow  globe,  adhering 
by  a neck  to  the  iron  rod,  and  is  the  original 
form  out  of  which  the  others  are  falhioned. 

It  would  be  impoffible  to  give  in  a Ihort 
fpace  an  adequate  idea  of  the  eafe  and  Ample 
dexterity  by  which,  with  a few  inftruments, 
this  moft  beautiful  fubftance  is  ftretched  out, 
enlarged,  clofed,  perforated,  and  formed  by  a 
few  ingenious  manoeuvres  into  all  the  common 
utenfils.  As  a Angle  and  Ihort  example,  the 
making  of  a common  tumbler  may  be  given. 
A hollow  globe  with  a Ihort  neck  being  firft 
blown  on  the  iron  rod  as  above  mentioned,  it 
is  taken  off  in  the  following  way  : an  affiftant 
dips  the  end  of  a Ihort  folid  iron  rod  into  the 
glafs-pot,  and  brings  it  out  with  a little  of  the 
melted  glafs  adhering,  this  is  immediately  thruft 
again!!  the  bottom  of  the  globe  at  the  part 
dire£Ily  oppofite  the  neck,  to  which  it  firmly 
unites,  fo  that  the  globe  becomes  cemented 
upon  this  fecond  rod  by  means  of  the  melted 
glafs.  The  workman  then  wets  a fmall  piece 
of  iron  with  his  mouth  and  lays  it  on  the  neck 
of  the  globe  which  is  Hill  extremely  hot,  and  this 
cracks  it  quite  round  in  a fecond  or  two,  fo  that 
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•with  a flight  pull  it  comes  off  and  detaches  the 
hollow  rod,  leaving  the  globe  now  open  at  the 
neck,  and  transferred  to  the  fecond  rod  at  the 
oppofite  fide.  The  globe  being  now  open  is 
again  foftened  by  holding  it  a few  leconds  over 
the  mouth  of  the  glafs-pot,  and  is  cut  away 
from  the  open  end  to  the  form  of  a cup  by  iron 
(hears.  The  workman  when  fafhioning  the 
globe  ufually  fits  upon  a kind  of  arm  chair,  the 
arms  of  which  flope  forwards,  and  are  covered 
with  a flat  fmooth  iron  plate,  and  by  laying  the 
iron  rod  ftraight  before  him,  refting  on  both 
the  arms  of  his  feat,  and  twirling  it  backwards 
and  forwards,  the  hot  glafs  at  the  end  is  made 
to  revolve  like  clay  on  a potter’s  lathe,  and 
thus  is  opened,  widened,  or  compreffed  at  plea- 
fure  by  any  Ample  iron  inftrument  that  is 
prefled  againft  it.  The  globular  cup  is  thus 
extended  eafily  into  a cylinder,  or  made  barrel- 
fhaped,  if  this  be  the  required  form,  and  is 
fmoothed  up  at  the  edges.  It  only  now  re- 
quires to  be  feparated  from  the  irdn  rod,  which 
is  done  as  before,  Amply  by  wetting  it  at  the 
point  of  attachment,  and  the  tumbler  drops  off 
compleat.  This  laft  operation  leaves  that  burr 
or  roughnefs  with  (harp  fragments  which  is  feen 
at  the  bottom  of  all  glafs  veffels  unlefs  taken  off 
by  grinding. 

Another  important  procefs  is  required  before 
the  glafs  veflel  is  fit  for  ufe,  which  is  that  of 
annealing  or  cooling  very  gradually.  All  glafs 
articles  require  annealing  except  thofe  that  are 
very  thin  and  uniform  without  joining  or  burr 
of  any  kind.  Without  this  precaution  the 
glafs  remains  always  liable  to  fly  by  the  leaft 
change  of  heat  and  cold,  by  the  fmalleft  fcratch, 
or  even  apparently  without  any  external  caufe. 
The  precife  mechanical  caufe  of  this  difpofition 
to  crack  in  unannealed  glafs  is  very  difficult  to 
explain,  but  generally  fpeaking  it  is  fuppofed 
to  be  the  forcible  contraction  of  the  outer  part 
by  fudden  cooling,  whilfl  the  inner  portion  is 
(till  foft  and  half-fluid,  fo  that  the  whole  fixes 
with  a permanent  (train  or  inequality  of  pref- 
fure  of  one  part  upon  the  other;  and  as  glafs 
is  extremely  elaftic,  though  brittle,  any  force 
which  tears  afunder  a portion,  however  fmall, 
of  the  tenfe  part,  communicates  a ftrong  and 
fudden  impulfe  over  the  whole  mafs.  The  an- 
nealing is  generally  performed  in  a hot  cham- 
ber built  for  the  purpofe  at  the  top  of  the 
glafs-houfe  above  the  crucibles  and  a little  be- 
low the  chimney  as  already  mentioned.  The 
heat  is  here  fo  moderate  as  not  to  foften  the 
glafs,  and  the  articles  are  gradually  withdrawn 
to  a cooler  part  till  they  are  cold  enough  to  be 


taken  out  for  ufe.  Common  articles  are  ge- 
nerally annealed  in  the  courfe  of  a day.  The 
place  of  all  others  in  which  ill-annealed  glafs 
is  moft  liable  to  break  is  at  any  point  of  junction 
where  two  pieces  are  cemented  together  when 
hot,  and  as  different  kinds  of  glafs  contract  to  a 
different  extent,  two  diffimiiar  pieces  of  glafs 
(hould  not  be  joined  together. 

The  hard  glaffes,  and  thofe  in  particular 
made  only  with  alkali  and  earths  require  much 
more  annealing  than  the  fofter  and  more  fufible 
glaffes  into  which  litharge  enters  largely. 

The  extraordinary  fragility  of  unannealed  glafs 
is  (hewn  in  a very  linking  manner  by  two  kinds 
of  experimental  toys  made  for  the  purpofe,  the 
one  is  the  Bologna  phial,  as  it  is  ulually  called, 
and  the  other  the  Rupert's  drop.  The  Bo- 
logna phial  is  (imply  a phial  of  any  form  what- 
ever, made  of  any  kind  of  glafs,  but  much 
thicker  at  bottom  than  at  top,  and  cooled 
immediately  without  annealing.  Thefe  being 
pretty  (lout  from  their  thicknefs  will  bear  a 
l'mart  blow  with  a wooden  mallet  or  any  blunt 
inftrument,  or  the  concuffion  of  a leaden  bullet 
dropped  into  it  from  a confiderable  height, 
without  injury;  but  if  any  (harp  body  however 
fmall,  fuch  as  a large  grain  of  fand,  or  better 
a (hiver  of  a gun-flint  be  dropped  in  from  only 
a few  inches  height,  the  bottom  cracks  all  round 
juft  above  the  thickeft  part  and  drops  off. 
The  fame  effeCt  happens  if  the  bottom  be 
(lightly  fcratched  with  any  hard  body.  When 
very  brittle,  if  a hard  angular  fubftance  fuch  as 
a cut  diamond  be  dropped  in,  it  fometimes  will 
pafs  through  the  bottom,  though  very  thick, 
with  apparently  as  little  refiftance  as  through  a 
fpider’s  web.  Thefe  glaffes  when  they  have 
received  the  firft  injury  do  not  always  crack  im- 
mediately, but  remain  whole  fometimes  a few 
minutes,  fometimes  for  hours,  and  then  fuddenly 
give  way. 

The  Rupert’s  drop  is  Amply  a fmall  folid 
lump  of  green  bottle  glafs  poured  when  red- 
hot  into  water,  and  therefore  is  a rounded 
lump  gradually  extended  into  a kind  of  tail 
nearly  capillary  at  the  extremity.  This  folid 
lump  will  bear  very  confiderable  violence  on 
the  rounded  end  without  injury,  and  is  alto- 
gether extremely  tough,  but  when  the  leaft 
portion  of  the  thin  end  is  broken  off,  the  whole 
hurfts  with  a fmart  fnap,  inftantly  crumbles  into 
a countlefs  number  of  fragments  as  fmall  as  fine 
fand,  which  from  their  very  minutenefs  do  no 
other  injury  to  the  hand  holding  it,  than  a flight 
(tinging  from  the  fudden  concuffion. 

This  moft  Angular  phenomenon  is  obvioufly 
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owing  to  fome  permanent  and  very  ftrong  in- 
equality of  prefl'ure,  for  when  they  are  heated 
fo  red  as  to  be  foft  and  merely  let  to  cool  of 
themfelves,  this  property  of  burlting  is  entirely 
loft,  and  at  the  fame  time  the  fpecific  gravity  of 
the  drop  is  encreafed.  g 

The  peculiar  brittlenefs  of  the  Bologna  phial 
is  alfo  removed  by  again  heating  and  cooling 
flowly. 

A defedt  in  the  annealing  of  common  win- 
dow glafs  is  alfo  {hewn  when  cut  by  the  dia- 
mond. When  the  glafs  is  well  annealed  the 
diamond  cuts  it  with  moderate  eafe,  making  an 
uniform  fmooth  furrow,  at  firft  dark,  but  which 
gradually  opens  and  then  appears  as  a bright 
filver  thread  ; but  when  the  glafs  is  badly  an- 
nealed, the  diamond  works  with  much  more 
difficulty,  the  cut  opens  very  flowly,  and  often 
flies  into  a different  diredtion,  or  the  glafs  en- 
tirely breaks. 

The  other  more  common  defends  of  glafs  are 
a liability  to  be  added  on  by  corrofive  liquors 
(which  takes  place  when  too  much  faline  flux 
has  been  ufed)  and  alfo  a number  of  vifible  im- 
perfedlions,  fome  of  which  materially  injure 
the  foundnefs  as  well  as  beauty  of  the  manu- 
factured articles.  The  chief  of  thefe  vifible 
defeCts  are  Jlr'ue  h,  threads , tears,  and  knots.  The 
Stria  are  undulating  waves  in  the  glafs,  per- 
fectly tranfparent  and  vitrified,  but  which  pro- 
duce much  ftrange  diftortion  when  ufed  for 
windows  or  for  optical  purpofes.  This  defeCt 
arifes  from  the  imperfeCt  mixture  of  the  ma- 
terials, and  the  great  difference  in  their  fpecific 
gravities.  For  the  gravity  of  glafs  made  limply 
with  alkali  and  fand  is  about  2.3  or  2.4,  that 
of  alkali  and  crucible  clay,  about  2.5  ; that  of 
alkali  and  chalk  2.7  or  2.8  ; whilft  the  vitrified 
oxyd  of  manganefe  alone  weighs  3.2  and  the 
glafs  of  lead  7.2  nearly.  Therefore  when  thefe 
are  all  together  melted  in  the  glafs-pot,  if  they 
are  not  thoroughly  mixed,  they  are  in  the  cafe 
of  liquors  of  unequal  denfity  in  contadf  with 
each  other  and  flightly  agitated  fo  as  to  {hake 
the  different  materials  into  ftreaks  or  waves. 

The  defedb  from  this  caufe  is  feen  very 
ftrikingly  in  ordinary  prifms,  or  pieces  of  folid 
glafs  of  a certain  thicknefs,  which  are  feldom 
quite  uniform  in  denfity  throughout.  For  very 
nice  purpofes  it  is  often  of  ufe  when  fmall 
moveable  crucibles  are  ufed,  to  invert  them 
when  the  glafs  is  melted  and  empty  the  contents, 
v/hereby  the  heavier  parts  become  mixed  with 
the  lighter  as  they  fall  through  them. 

Threads  in  glafs-making  are  thofe  ftreaky 
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filaments  which  arife  from  the  vitrification  of 
the  clay.  They  are  generally  green  and  often 
render  the  glafs  more  liable  to  crack  at  thefe 
parts. 

Another  and  one  of  the  worft  defedds  is 
Tears,  or  drops  of  vitrified  clay  falling  down 
from  the  furnace  into  the  pots  and  entangled 
with  the  glafs.  Articles  made  of  glafs  with 
this  defedi  are  always  very  brittle,  and  gene- 
rally break  of  themfelves  by  flight  changes  of 
heat  and  cold.  This  is  the  more  likely  to  hap- 
pen in  proportion  as  the  tear  is  nearer  the  fur- 
face. 

Glafs  when  not  fufficiently  refined  by  con- 
tinuance of  the  melting  heat  is  always  full  of 
fmall  bubbles.  This  fault  may  alfo  happen 
from  a deficiency  of  flux  which  renders  the 
glafs  lefs  fufible,  and  therefore  differ  during 
the  ordinary  time  and  degree  of  heating  fo  that 
the  bubbles  cannot  eafily  difengage  themfelves. 
Hence  the  foft  fufible  glafl'es  with  much  lead 
are  much  lefs  liable  to  this  fault  than  the  hard 
green  bottle  glafs  which  is  made  only  of  alkali 
and  earth. 

Another  defedd  is  knots  which  arife  either 
from  a portion  of  fand  that  has  efcaped  vitri- 
fication and  remains  entangled  in  the  glafs,  or 
from  a remaining  quantity  of  glafs-gallj  or  from 
bits  of  the  crucible  which  may  be  accidentally 
knocked  off  by  the  iron  inftruments  ufed  in  the 
working. 

Of  the  different  kinds  of  Glafs. 

Though  an  infinite  variety  is  found  in  the 
quality  and  compofition  of  different  glaffes, 
there  are  fome  principal  kinds  made  for  totally 
diftindd  purpofes  which  may  be  fhortly  noticed. 

The  flint  glafs  of  London  and  other  parts  of 
England  (called  by  foreigners  en fal)  is  that 
beautiful,  foft,  brilliant,  fine  glafs  of  which  both 
the  common  and  fineft  articles  of  white  glafs 
in  domeftic  or  ornamental  ufe  are  manufac- 
tured. Many  optical  inftruments  are  alfo  made 
of  the  fame  material.  It  is  particularly  diftin- 
guiffied  for  the  quantity  of  litharge  which  en- 
ters into  its  compofition,  on  which  account  it 
is  by  far  the  heavieft,  the  moft  brilliant,  the 
fofteft,  and  the  eafielt  to  work,  and  alfo  the 
moft  expenfive. 

The  precife  proportions  of  ingredients  are 
not  ufually  known,  but  the  following  is  faid 
to  make  an  article  of  the  beft  quality,  namely ; 
120  parts  of  fine  clean  white  fand,  40  of  pearl- 
afh  well  purified,  35  of  litharge  or  elfe  minium, 
13  of  nitre,  and  a fmall  quantity  of  black  oxyd 
of  manganefe.  The  diftindd  ufe  of  thefe  in- 
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gredlents  has  been  already  explained.  Very 
different  proportions  will  alfo  produce  a fine 
glafs  of  fimilar  quality,  and  in  particular  the 
quantity  of  lead  may  be  much  encreafed  which 
naturally  gives  a yellow  tinge  but  which  the 
manganefe  countera&s.  The  following  com- 
pofition  for  a fine  cryflal  glafs  is  given  by 
Loyfel : ioo  pounds  of  white  fand,  80  to  85  of 
red  oxyd  of  lead,  35  to  40  of  pearlafh,  2 to  3 
of  nitre ; and  one  ounce  of  manganefe.  The 
fpecific  gravity  of  this  glafs  and  of  the  common 
London  flint  glafs  is  about  3.2. 

The  oxyd  of  lead  is  fo  abundant  in  this  glafs 
that  it  may  be  partially  reduced  in  a very  cu- 
rious manner.  If  a tube  of  it  be  made  red- 
hot  and  hydrogen  gas  palled  through,  the  whole 
inner  furface  becomes  covered  with  a half-bril- 
liant black  coating  owing  to  the  reduced  lead, 
and  moiflure  appears  at  die  further  end.  This 
was  difcovered  by  Dr.  Prieflley. 

Crown-gla/s  is  the  name  given  to  the  belt  fort 
of  window  glafs,  the  compofition  of  which  va- 
ries confiderably,  but  it  differs  eflentially  from 
the  laft  in  containing  no  lead  nor  any  metallic 
oxyd  except  manganefe  and  fometimes  oxyd  of 
cobalt  in  minute  dofes,  for  the  foie  purpofe  of 
correcting  the  natural  colour  and  not  as  a flux. 
This  kind  of  glafs  therefore  is  much  harder  and 
harlher  to  the  touch  than  the  flint  glafs,  but 
when  well  made  is  a very  beautiful  and  perfect 
article.  The  compofition  is  fand,  alkali,  either 
potafh  or  foda,  the  vegetable  afhes  that  contain 
the  alkali,  and  generally  a fmall  portion  of 
lime.  A fmall  dofe  of  arfenic  is  often  added  to 
facilitate  the  fufion.  Zaffire  or  the  oxyd  of 
cobalt  with  ground  flint  is  often  ufed  to  cor- 
rect the  dingy  yellow  which  the  inferior  kind 
of  crown-glafs  naturally  acquires,  and  by  ad- 
ding the  blue,  natural  to  glafs  coloured  with 
this  oxyd,  to  convert  the  whole  into  a foft  light 
green.  The  green  hue  thus  given  is  very 
flight  and  not  difagreeable  to  the  eye,  and  is 
hardly  perceived  unlefs  the  light  pafs  through 
a great  thicknefs  of  glafs,  as  happens  when  a 
piece  is  held  up  edgeways.  The  quantity  of 
zaffre  neceffary  for  this  effeCt  is  extremely 
fmall,  one  ounce  being  fufficient  for  1000  lbs. 
fo  that  it  is  only  o~in>  of  the  whole.  It  need 
hardly  be  added  that  when  the  fand,  alkali, 
and  lime,  are  very  fine,  and  only  thefe  ingre- 
dients are  ufed,  no  zaffre  or  corrective  of  bad 
colour  is  required.  A great  quantity  of  frag- 
ments and  refufe  pieces  of  glafs  is  always 
collected  during  the  working,  and  thefe  are 
added  again  to  the  next  fufion,  but  as  glafs 
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always  lofes  alkali  by  the  long  continuance 
of  fire  and  becomes  thereby  harlher  and  lefs 
fufible,  too  great  a portion  of  thefe  refufe  bits 
(which  of  courfe  undergo  twice  as  long  a 
fufion  as  the  raw  materials)  will  very  fen- 
fibly  alter  the  quality  of  the  glafs.  As  how- 
ever they  confift  of  glafs  already  refined,  the 
pot  which  contains  much  of  them  is  much 
fooner  brought  to  a working  Hate,  as  it  con- 
tains lefs  glals-gall  and  impurities.  Thefe  frag- 
ments of  glafs  are  reduced  to  grofs  powder  by 
being  heated  red-hot,  and  immediately  plunged 
into  cold  water,  which  fplits  them  in  every 
direction  and  enables  them  to  be  readily  broken 
down.  They  Ihould  not  conftitute  much  more 
than  a third  of  the  whole  compofition.  A very 
fine  glafs  of  this  kind  may  be  made  by  200  parts 
of  pretty  good  foda,  300  of  fine  fand,  33  of  lime, 
and  from  250  to  300  of  the  ground  fragments  of 
glafs.  5 

The  manufacture  of  the  common  window 
glafs  though  made  by  blowing,  is  carried  on 
in  a confiderably  different  manner  from  that 
of  the  common  flint-glafs  articles,  as  the  ob- 
ject is  to  produce  a large  flat  very  thin  plate  of 
glafs,  which  is  afterwards  cut  by  the  glaziers’ 
diamond  into  the  requifite  fhape.  The  fteps 
of  the  procefs  could  not  be  underftood  by  mere 
defcription,  but  it  may  juft  be  mentioned  that 
the  workman  firft  takes  a very  large  mafs  of 
glafs  on  the  hollow  iron  rod,  and  by  rolling  it 
on  an  iron  plate  and  Twinging  it  backwards  and 
forwards  caufes  it  to  lengthen  by  its  own  weight 
into  a cylinder,  which  is  then  made  hollow  by 
blowing  with  a force  of  breath  which  only  thofe 
that  are  ufed  to  the  bufinefs  can  command,  and 
is  brought  out  to  the  requifite  thinnefs.  The 
hollow  cylinder  is  then  opened  by  holding  it  to 
the  fire,  which  by  expanding  the  air  confined 
within  it  (the  hole  of  the  iron  rod  being  {top- 
ped) burfts  it  at  the  weakeft  part,  and  when 
{till  foft  it  is  ripped  up  through  its  whole  length 
by  iron  (hears,  opened  out  into  a flat  plate  and 
finifhed  by  annealing  as  ufual. 

Common  green  bottle  glafs  is  another  kind, 
which  indeed  is  by  no  means  uniform  in  its 
compofition,  but  is  made  almoft  entirely  of 
fand,  lime,  and  fometimes  clay,  alkaline  afhes 
of  any  kind  according  as  cheapnefs  or  conve- 
nience direft,  and  more  efpecially  of  kelp  in 
this  country,  of  barilla,  varec  and  the  other 
varieties  of  foda  in  France,  and  of  wood-afhes 
in  many  parts  of  Germany,  and  the  like.  To  this 
too  is  lometimes  added  even  the  earth  remain- 
ing from  faline  afhes,  after  the  alkali  and  falts 
Method. 
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have  been  extracted  by  llxiviation,  and  in  Eng- 
land flags  from  the  iron  furnaces.  This  re- 
fufe  matter  is  ftill  a flux  of  feme  power  when 
in  mixture  with  other  earths,  and  it  ftill  retains 
a fmall  quantity  of  falts  which  are  not  totally 
extracted.  Bottle  glafs  is  a very  hard  well- 
vitrified  glafs,  not  very  heavy  relatively  to  its 
bulk  and  being  fufed  at  a very  high  heat,  and 
from  the  impurity  of  the  alkali  and  the  abun- 
dance of  earthy  flux  containing  but  a fmall 
proportion  of  real  faline  matter,  it  refifts  the 
corrofive  adfion  of  all  liquids  much  better  than 
flint-glafs.  Befides  being  ufed  for  wine-bottles 
it  is  much  employed  for  very  large  retorts, 
fubliming  veffels,  and  other  procefies  of  chemi- 
cal manufacture,  and  here  too  it  has  the  ad- 
ditional advantage  of  bearing  as  much  as  a 
pretty  full  red  heat  without  melting  or  finking 
down  into  a fhapelefs  lump  as  the  lead  glafles 
would  do.  The  following  compofition  is  given 
by  Loyfel  as  a good  and  cheap  material  for 
bottle  glafs,  ioo  parts  of  common  fand,  30 
of  varec  (a  kind  of  coarfe  kelp  made  on  the 
weftern  coafts  of  France)  160  of  the  lixiviated 
earth  of  afhes,  30  of  frefh  wood-afh  or  any 
other  kind  of  afh,  80  of  brick-clay,  and  any 
quantity,  generally  about  100,  of  broken  glafs. 
This  compofition  gives  no  glafs-gall. 

A good  bottle  glafs  but  nearly  black  and 
opake  has  been  made  in  France  of  another  ma- 
terial which  probably  may  be  applied  in  many 
countries  advantageoufly  : it  is  the  decompofed 
pulverulent  bafaltic  earth  found  in  the  vallies 
of  all  bafaltic  countries.  In  France  it  abounds 
in  the  Vivarais,  in  Languedoc  and  Auvergne. 
The  firft  glafs  of  this  kind  appears  to  have 
been  made  in  1780  by  a M.  Ducros  at  the 
fuggeftion  of  Chaptal  k who  fimply  melted  fome 
of  this  bafalt  without  addition  in  a glafs-pot, 
and  formed  of  it  two  very  light,  black,  or  ra- 
ther deep  yellow,  ihining,  perfe£b  bottles.  In 
fubfequent  trials  by  another  artift  a mixture  of 
equal  parts  of  bafalt  and  fand  was  employed, 
as  being  preferable  to  the  bafalt  alone,  and  for 
a while  there  was  a very  confiderable  demand 
for  bottles  of  this  material,  but  the  manufac- 
ture was  abandoned  owing  to  the  want  of  uni- 
formity in  the  ingredients,  which  made  them 
often  fail.  The  glafs  produced  hereby  was  of  a 
green  olive. 

It  may  not  be  uninterefting  alfo  to  give  the 
refults  of  fome  experiments  of  M.  Alliot  on 
different  mixtures  of  this  bafaltic  earth.  Seven 
crucibles  filled  with  different  mixtures  were 
heated  for  eighteen  hours  in  a common  potter’s 


furnace  (a  glafs-houfe  not  being  at  command, 
which  however  gives  a lefs  intenfe  heat  than 
the  glafs  furnaces,  and  therefore  if  ufed  in  manu- 
fadfure  a greater  effetl  might  be  allowed  than 
was  here  noticed.  The  refults  were  the  fol- 
lowing. 

O 

No.  1.  contained  the  pure  bafaltic  earth,  an,d 
melted  into  a black,  opake  glafs,  moderately  well 
melted. 

No.  2.  was  a mixture  of  -5-  bafalt,  y of  allies, 
and  -3-  of  white  quartz  in  powder.  It  was  a 
milky,  brilliant,  coffee-coloured  glafs  refembling 
fine  porcelain. 

No.  3.  was  a mixture,  in  equal  parts,  of  bafalt 
and  common  fand.  It  was  moderately  well 
melted,  of  a blackifli-blue  in  mafs,  but  in  thin 
laminae  was  of  a yellow-green. 

No.  4.  was  a mixture,  in  equal  parts,  of  allies 
and  a volcanic  granite.  It  melted  well,  gave  a 
very  fine  dark  yellow  glafs,  of  great  luftre,  and 
would  have  been  very  proper  for  bottles. 

No.  5.  contained  TV  of  ordinary  foda,  T6T  of 
common  fand,  and  Tr  °f  allies,  and  gave  a yel- 
low-black glafs  interfperfed  with  opake  blueifh 
white  veins. 

No.  6.  confifted  of  -3  bafalt,  of  refufe  foda, 
and  -3-  of  fand.  It  gave  a fine  tranfparent 
green-yellow  glafs,  very  well  melted,  of  a fine 
polilh,  and  which  would  have  been  excellent  for 
bottles. 

No.  7.  was  fimply  the  fand  of  the  river  Orb 
in  the  neighbourhood,  which  appeared  by  in- 
fpeflion  to  contain  a large  proportion  of  bafaltic 
earth.  It  melted  well  and  gave  a very  good 
bottle  glafs. 

The  analyfis  of  bafalt  {hews  that  it  is  very 
well  fitted  both  for  fufion  per  fe,  and  to  a£t  as 
a flux  of  confiderable  power,  for  (as  mentioned 
under  that  article)  it  confifts  of  about  45  per 
cent,  of  filex,  16  of  alumine,  from  16  to  20  of 
oxyd  of  iron,  9 of  lime,  and  from  2.6  to  4.  of 
pure  foda,  of  which  the  three  laft  are  all  very 
powerful  fluxes.  Many  other  minerals  contain 
even  more  foda,  fuch  as  the  Klingftein,  which 
contains  about  8 per  cent,  of  this  alkali,  but 
having  much  lefs  lime  and  oxyd  of  iron  it  is 
much  lefs  fufible.  The  colour  of  all  the  glafles 
into  which  bafalt  enters  largely  as  a conftituent 
is  generally  of  a deep  olive  green  pafling  to 
deep  yellow,  and  in  mafs  almoft  yellow,  nor 
is  it  probable  that  this  colour  could  be  mate- 
rially corrected.  The  glafs  is  well  afeertained 
to  be  fpecifically  lighter  than  common  green 
bottle  glafs  but  at  the  fame  time  tougher,  fo  as 
to  bear  harder  blows  without  breaking,  two 


* Encyclop.  Method.  Article  Verre. 
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very  important  advantages,  and  the  quantity  of 
alkali  contained  and  that  required  to  bring  the 
whole  to  a workable  date  is  fo  fmall  as  proba- 
bly to  enable  this  glafs  to  refill  all  corrofive 
liquors,  at  leall  as  well  as  any  other  known  kind 
of  glafs. 

Plate  glafs  is  that  moll  beautiful  and  perfect 
glafs  of  which  all  the  kinds  of  mirrors  and 
looking-glades  are  compofed,  and  of  which  the 
larger  articles  are  wrought,  not  by  blowing  as 
every  other  glafs  article  is,  but  by  ca/ling  the 
melted  glafs  on  a flat  table. 

The  Venetians  were  long  in  the  foie  pof- 
feflion  of  the  art  of  making  mirror-glafs,  but 
by  them  it  was  only  manufadlured  by  blowing, 
nearly  in  the  way  defcribed  under  crown  or 
window  glafs,  and  much  of  the  common  mirror 
glafs  is  dill  prepared  in  this  way. 

In  1665  under  the  minidry  of  the  great  Col- 
bert a company  for  bloiuti-mirror  glafs  was  firlt 
edablilhed  near  Cherbourg  in  Normandy,  on 
the  plan  of  the  Venetian  manufa£ture,  but  the 
beautiful  art  of  calling  glafs  was  invented  in 
France  about  1688,  by  one  Abraham  Thevart, 
and  a company  was  foon  eftablilhed  for  this 
branch  of  manufa£lure  which  was  firll  carried 
on  at  Paris,  and  foon  after  removed  to  St.  Gobin, 
where  it  dill  exids  in  full  a£livity,  and  undi- 
minilhed  reputation. 

The  plate-glafs  cannot  be  made  by  blowing  of 
a larger  fize  than  about  fifty  inches  to  be  per- 
fect, but  by  the  ingenious  fubditution  of  cad- 
ing  it  may  be  made  fo  large  and  at  the  fame 
time  fo  perfedl,  that  fcarcely  any  other  limits 
can  be  fet  to  the  polfible  fize  of  thefe  plates  than 
the  heavy  expence  of  the  manufacture,  in  all 
its  parts.  As  large  plates  as  nine  feet  long, 
and  wide  in  proportion,  have  been  manufac- 
tured. 

As  this  art  of  cading  glafs  requires  more 
care  in  the  choice  of  materials  and  nicety  in 
the  procefles  of  manufacture  than  mod  other 
branches  of  glafs-making,  fome  more  detailed 
account  may  be  given  of  it  as  carried  on  in 
France,  as  far  as  it  can  be  underdood  without 
reference  to  plates. 

The  materials  of  the  fined  plate  glafs  are 
white  fand,  foda,  and  lime,  to  which  are  added 
manganefe  and  zaffre,  or  any  other  oxyd  of 
cobalt  for  particular  colouring  purpofes,  which 
will  be  prefently  defcribed.  The  fand  is  of 
the  fined  and  whited  kind,  and  is  previoufly 
pafled  through  a wire  fieve  of  moderate  clofe- 
nefs  into  water  where  it  is  well  dirred  about 
and  wafhed  till  all  dirt  and  impurity  is  got  rid 
of.  The  fiiarped  grained  fand  is  preferred, 


and  indeed  it  is  found  that  the  grains  of  mo- 
derate fize  melt  with  the  alkali  fooner  than 
either  the  very  fine  dud  or  the  larger  frag- 
ments, in  the  former  cafe  the  fand  clotting  to- 
gether without  mixing  freely  with  the  alkali,  and 
in  the  latter  the  grains  taking  a longer  time  to 
diflolve  on  account  of  their  bulk.  The  alkali 
ufed  here  is  always  foda,  and  there  feems  good 
reafon  to  prefer  this  to  potafh,  as  glades  made 
with  foda  are  found  to  be  fofter  and  to  flow 
thinner  when  hot,  and  yet  to  be  equally  durable 
when  cold,  and  in  cading  a large  plate  of  which 
the  perfeftion  is  to  be  without  dreak  or  bubble 
it  is  obvious  of  how  much  importance  it  mud  be 
to  have  it  flow  extremely  liquid  from  the  pot. 
Befides,  the  neutral  falts  with  the  bafis  of  foda 
which  conditute  the  glafs-gall  in  this  indance, 
fuch  as  the  muriat  and  fulphat  of  foda,  appear 
to  be  diflipated  more  readily  by  the  fire  than  the 
correfponding  falts  of  potafh.  The  foda  ufed 
here  is  con fidei  ably  pure,  or  fuch  as  is  feparated 
from  the  rough  allies  of  barilla,  and  other  foda 
plants  by  lixiviation. 

Lime  is  of  confiderable  ufe  here  and  adds 
much  to  the  fufibility  of  the  other  materials, 
fupplying  in  this  refpedl  the  ufe  of  litharge  in 
the  flint-glafs.  Too  much  lime  however  im- 
pairs the  colour  and  folidity  of  the  glafs. 
About  Y5  of  the  whole  is  as  much  lime  as  can 
be  ufed  with  propriety,  and  fome  ufe  as  little 
as  Vt- 

The  colouring  or  rather  decolouring  fub- 
dances  ufed  are  azure , or  cobalt  blue,  and 
manganefe.  The  latter  is  here  in  the  date  in 
which  its  effe£t  is  that  of  giving  a flight  red 
tinge,  which  mixes  with  the  blue  of  the  cobalt 
and  the  natural  flight  yellow  of  the  other  ma- 
terials, and  altogether  are  found  when  properly- 
proportioned  to  neutralize  each  other  fo  that 
fcarcely  any  definable  tint  remains. 

Befides  thefe  ingredients  there  is  always  a 
great  quantity  of  fragments  of  glafs  arifing 
from  what  is  fpilt  in  the  cading  and  the  ends 
cut  off  in  {haping  the  plates,  which  are  made 
friable  by  quenching  in  water  when  hot  and 
ufed  in  this  date  along  with  the  frefli  materials. 

With  regard  to  the  proportions  of  the  ingre- 
dients very  confiderable  latitud6  may  be  al- 
lowed. The  quantity  of  foda  is  a good  deal 
more  than  neceflary  merely  to  produce  a good 
glafs,  as  one  of  great  fufibility  is  required.  The 
following  dofes  are  found  to  produce  a very 
fine  glafs  : 300  lbs.  of  fand  •,  200  lbs.  of  foda; 
30  lbs.  of  lime;  32  ounces  of  manganefe; 
3 ounces  of  azure ; and  300  lbs.  of  fragments  of 
glafs. 
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It  does  not  appear  whether  or  not  any  other 
fluxes  are  ufed,  though  there  feems  to  be  fome 
fecrecy  obferved  in  this  refpedl  at  the  manu- 
factory of  St.  Gobin.  It  is  conftantly  afferted 
and  withmuch  probability,  that  borax  is  alfo  ufed 
in  fmall  quantity.  This  is  in  itfelf  highly  pro- 
bable, as  the  very  thin  watery  fufion  which  this 
flux  gives  to  vitrifying  matters  feems  peculiarly 
wanted  in  glafs  intended  to  be  caft,  and  pro- 
bably this  addition  would  enable  the  manu- 
fadlurer  to  ufe  potafh  with  as  much  advantage 
as  foda  where  it  happened  to  be  cheaper. 

Of  the  above  materials  the  fand,  foda,  lime 
and  manganefe  are  firft  mixed  together  with 
more  care  than  for  ordinary  glafs,  and  are 
fritted  in  fmall  furnaces  built  for  this  exprefs 
purpofe,  the  heat  being  gradually  raifed  to  a 
full  red-white,  and  kept  at  this  point  with  fre- 
quent ftirring  till  the  materials  undergo  no  fur- 
ther change,  nor  give  any  kind  of  vapour.  The 
azure  and  the  glafs  fragments  being  already 
perfectly  vitrified  are  not  added  till  juft  at  the 
end  of  the  procefs  which  lafts  about  fix  hours. 

The  glafs-houfe  for  this  manufacture  differs 
in  feveral  particulars  from  the  common  houfes 
for  blowing  glafs.  The  furnace  at  St.  Gobin 
is  about  1 8 feet  long  and  15  wide,  made  of 
good  bricks.  They  are  particularly  diftin- 
guilhed  from  the  common  furnaces  by  con- 
taining two  kinds  of  crucibles,  the  larger  ones 
called  pots  are  in  the  form  of  an  inverted  and 
truncated  cone,  and  in  thefe  the  glafs  is  melted. 
The  other  fet  of  crucibles  are  fmailer  ones 
called  cuvettes , the  capacity  of  which  is  not 
more  than  a fixth,  or  where  very  large  plates 
are  caft,  a third,  of  the  pots,  and  are  kept  in  the 
furnace  empty,  but  quite  hot,  till  the  glafs  is 
ready  for  calling,  when  they  are  filled  out  of 
the  pots,  and  drawn  out  of  the  furnace  on  an 
iron  cradle  to  the  heated  table  or  bed  on  which 
the  glafs  is  caft.  Both  the  pots  and  the  cu- 
vettes are  of  the  fame  material,  of  good  re- 
fraCtory  clay.  Another  effential  part  of  this 
furnace  is  the  flat  table  (of  which  there  is  one 
correfponding  with  each  pot)  on  which  the 
glafs  is  caft.  Thefe  tables  are  of  fmooth  thick 
copper  plate  about  ten  feet  by  fix,  ftrongly 
fupported  by  mafonry;  and  contiguous  to  each 
table  on  the  fame  level  are  flat  ovens,  heated 
from  underneath,  upon  which  the  glafs  when 
caft  and  fufficiently  cooled,  may  be  Aid  with- 
out difficulty  from  off  the  copper  table  and 
there  annealed.  The  tops  of  the  flat  ovens 
and  the  tables  are  on  a level  with  the  corref- 
ponding opening  of  the  furnace  whence  the 
cuvettes  aje  withdrawn.  The  fuel  ufed  is 


wood,  and  the  kind  which  makes  the  large!!  and 
brighteft  flame,  but  without  giving  much  refinous 
fmoke  is  preferred.  It  requires  about  thirty-fix 
hours  of  ftrong  heat  from  the  time  of  filling 
the  pots  till  the  glafs  is  fit  for  calling. 

The  procefs  of  filling  the  pots  and  the  ap- 
pearances that  take  place  in  the  melting  mate- 
rials, the  rifing  of  the  glafs-gall,  refining,  &c. 
need  not  be  described,  being  the  fame  as  in  other 
glafs-making. 

When  the  glafs  is  thoroughly  melted  and 
fine,  the  proceedings  are  in  a general  way  as 
follows  : the  cuvette  (which  has  been  previoufly 
emptied  of  all  the  loofe  glafs  and  foulnefs 
which  may  have  adhered  to  it  and  again  made 
quite  hot  in  its  place  in  the  furnace)  is  filled  in 
the  following  way  5 the  workman  takes  a cop- 
per ladle  about  ten  inches  in  diameter  and 
fixed  to  an  iron  handle  feven  feet  long,  plunges 
it  into  the  glafs  pot  (the  contents  of  which 
have  been  previoufly  feummed  carefully)  brings 
it  up  full  of  the  melted  glafs,  and  empties  it 
into  the  cuvette,  the  ladle  being  fupported  at 
the  bottom  by  a ftrong  iron  reft,  held  by  two 
other  workmen,  left  the  red-hot  copper  lhould 
bend  and  give  way  with  the  weight  of  the  glafs 
within.  The  cuvette  being  filled  by  repeated 
lading  is  then  fuffered  to  remain  in  the  fur- 
nace for  fome  hours,  that  the  bubbles  formed 
by  this  difturbance  of  the  glafs  may  have  en- 
tirely difappeared,  and  the  famples  taken  out 
from  time  to  time  become  quite  clear  and  lim- 
pid. The  door  of  the  furnace  is  now  opened, 
the  cuvette  is  Aid  out  and  pulled  upon  a low 
iron  cradle  and  immediately  drawn  on  to  the 
fide  of  the  copper  table,  previoufly  heated  by 
hot  allies  and  wiped  quite  clean.  The  cuvette 
full  of  the  melted  glafs  is  then  carefully  feum- 
med by  a broad  fabre , or  copper  blade  fet  in 
iron,  which  carries  off  with  it  every  impurity 
at  the  furface.  The  reafon  of  ufing  copper  for 
this  as  for  the  ladle  and  calling  table  is  that 
it  does  not  difcolour  the  hot  glafs  as  iron  does. 
The  cuvette  is  then  hoifted  up  by  a tackle  and 
iron  chains,  and  overfet  upon  the  copper  table, 
on  which  a thick  flood  of  melted  glafs  flows 
and  fpreads  in  every  direction  to  an  equal  thick- 
nefs.  It  is  then  made  quite  fmooth  and  uni- 
form at  the  furface,  by  palling  over  it  while 
Hill  quite  hot  a heavy  hollow  roller  cr  cylinder 
of  copper  made  true  and  fmooth  by  turning 
after  it  is  caft,  and  weighing  about  500  lbs.  At 
the  fame  time  the  empty  cuvette  is  returned 
by  the  iron  cradle  to  its  proper  place  within 
the  furnace.  The  edges  of  the  copper  table 
overhang  a refervoir  cf  water  into  which  the 
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wafte  glafs  falls  in  drops,  and  is  ufed  for  the 
next  melting.  The  number  of  workmen  re- 
quired for  the  whole  procefs  of  calling  is  at 
leaft  twenty,  each  of  which  has  his  feparate  em- 
ployment. 

The  plate  being  call,  the  infpe&or  examines 
whether  there  are  any  bubbles  on  any  part  of 
the  furface,  and  if  found,  the  plate  is  imme- 
diately cut  up  through  them.  The  plate  being 
now  fo  far  cool  as  to  be  ftiffened  is  Hid  by  an 
iron  inllrument  from  the  calling  table  to  the 
contiguous  annealing  oven  previoully  well  heat- 
ed, and  is  carefully  taken  up  and  ranged  pro- 
perly within  it.  Each  oven  will  contain  fix  en- 
tire plates,  and  when  full,  all  the  openings  are 
Hopped  with  clay  and  the  plates  allowed  to  re- 
main there  for  a fortnight  to  be  thoroughly  an- 
nealed. 

When  fit  to  be  taken  out  of  the  annealing 
oven  they  are  fent  away  to  receive  all  the  fub- 
fequent  operations  of  polilhing,  filvering,  &c. 
but  firfl  their  edges  are  cut  fmooth  and  fquared. 
This  is  done  by  a rough  diamond  which  is 
pafled  along  the  furface  of  the  glafs  upon  a 
fquare  ruler  in  the  manner  of  glaziers,  and 
made  to  cut  into  the  fubltance  of  the  glafs  to 
a certain  depth.  The  cut  is  then  opened  by 
gently  knocking  with  a fmall  hammer  on  the 
under  fide  of  the  glafs  juft  beneath,  and  the 
piece  comes  off,  and  the  roughneffes  of  the 
edges  are  removed  by  pincers.  The  plate  is 
then  finilhed  as  far  as  the  glafs-houfe  bufinefs 
is  concerned  and  is  carefully  removed  to  the 
warehoufe. 

The  fubfequent  operations  of  polilhing  and 
filvering  may  here  be  added  in  a few  words. 1 
The  plate  is  firft  exaflly  fquared  by  the  dia- 
mond in  the  way  mentioned  above,  and  mi- 
mutely  examined  as  to  any  flaws  or  faults 
which  may  be  found.  The  next  Hep  is  to 
grind  off  all  the  inequalities  and  roughneffes 
of  furface  previous  to  the  polilhing.  This  is 
done  on  both  fides  by  fand  and  water.  For 
this  the  plate  is  laid  on  a thin  plate  of  free- 
llone  or  on  a long  wooden  frame,  of  about 
the  fame  fize  with  it  and  cemented  ftrongly 
thereto  by  Paris  plafter.  Another  plate  is  alfo 
cemented  in  the  fame  manner  and  laid  upon 
the  lower  plate,  and  wet  fand  is  interfperfed 
between  the  two.  The  plates  are  then  made 
to  rub  againft  each  fteadily  and  evenly  by  a 
kind  of  hand  mill,  the  wheel  of  which  is 
worked  by  a man,  or  fometimes  in  large  plates 
by  two  men,  who  can  regulate  the  preffure  of 
one  on  the  other  as  it  may  be  judged  proper. 

* Encyclop.  Mcth.  Jouri 


In  proportion  as  the  furfaces  of  the  plates  wear 
down  the  fand  is  ufed  fucceflively  finer,  being 
previoully  fifted  and  forted  for  the  purpofe.  In 
general  the  workmen  avoid  rubbing  two  abfo- 
lutely  rough  furfaces  on  the  other  for  fear  that 
the  great  jarring  of  the  fri«£lion  Ihould  produce 
lliakes  and  flaws  in  the  glafs,  but  a half  ground 
plate  is  rubbed  on  a frelh  furface  and  fo  on  fuc- 
ceflively. 

When  one  fide  of  the  plate  is  done,  the 
plafter  which  cemented  it  is  picked  off,  the 
plate  turned,  and  the  oppofite  fide  ground  in 
the  fame  manner.  Towards  the  end  of  the 
grinding  the  preffure  is  encreafed  by  loading 
the  upper  plates  with  flat  Hones  of  different 
thickneffes.  This  procefs  lafts  about  three  days, 
and  great  attention  is  paid  to  finifh  them  with 
furfaces  perfectly  fiat  and  parallel,  which  is  de- 
termined by  the  ruler  and  plumb-line.  The 
ground  furfaces  are  now  uniformly  worn  by 
millions  of  fcratches,  and  therefore  nearly  opake 
unlefs  held  up  to  the  light,  but  Hill  very  far 
from  having  the  requifite  finenefs  to  receive 
the  polifh.  This  further  grinding  is  clone  by 
emery  of  different  degrees  of  finenefs,  the  pre- 
paration and  forting  of  which  is  done  in  the 
following  very  Ample  manner.  A large  quan- 
tity of  rough  emery  is  put  into  a veffel  with 
water  and  llrongly  ftirred  about  till  the  whole 
is  mixed.  But  as  emery  is  abfolutely  infoluble 
in  water  the  whole  will  again  be  depofited  in 
fuccefiive  layers,  the  coarfeft  particles  finking 
firft,  and  the  others  afterwards  in  the  inverfe 
degree  of  their  finenefs.  By  ftanding  about 
twenty  minutes  and  then  pouring  off  the  fu- 
pernatant  liquor,  the  latter  holds  fufpended  only 
the  very  fineft  particles  which  again  feparate  by 
reft  for  a longer  time.  More  water  is  then  added 
to  the  veffel,  the  emery  ftirred  again,  and  now 
allowed  to  remain  at  reft  only  for  fifteen 
minutes,  and  the  fupernatant  turbid  liquor 
again  poured  off.  This  furnifhes  by  reft  an 
emery  of  the  fecond  degree  of  finenefs.  The 
fame  is  repeated  twice  more  at  the  different 
times  of  about  five  minutes  and  half  a minute, 
by  which  two  other  forts  are  obtained.  The 
wet  emery  from  all  thefe  liquors  is  feparately 
heated  over  a ftove  to  evaporate  the  water,  and 
when  nearly  dry  is  made  up  into  balls  in  which 
{late  it  is  diftributed  to  the  workmen. 

The  plates  are  then  further  ground  on  both 
fides  with  two  or  three  emerys,  beginning  with 
the  coarfeft  and  are  finifhed  with  great  care. 
They  are  now  perfectly  even,  with  a deadening 
or  opacity  on  their  furface,  but  fo  fine  that  no 
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Scratches  can  be  perceived.  In  tills  (late  they 
are  again  examined,  and  if  any  material  defedfs 
ft  ill  l-emain  below  the  ground  furface,  they  are 
cut  up  with  the  diamond  into  ftnaller  plates 
with  the  greateft  economy  poflible,  the  diamond 
now  dividing  them  with  much  greater  eafe 
than  before,  both  on  account  of  the  quantity  of 
fubftance  of  glafs  removed  and  the  uniformity 
of  the  furface. 

The  next  procefs  is  that  of  polifhing  both 
furfaces  to  that  perfect  brightnefs  which  is  feen 
in  finifhed  mirrors,  fo  that  the  rays  of  light  may 
pafs  through  unimpaired  to  the  filvering  on  the 
pofterior  furface  and  be  reflected  again  from 
thence  according  to  the  laws  of  catoptrics.  The 
fubftance  ufed  to  give  this  laft  polifli  is  colcothar, 
imported  from  this  country  and  called  rouge 
d' Angleterre  or  Potee.  It  is  the  refidue  left  in  the 
retorts  of  the  aqua-fortis  makers,  and  when 
well  wafted  and  levigated  confifts  of  little  elfe 
■than  a red  and  perfect  oxyd  of  iron. 

The  polifting  inftrument  is  a block  of  wood 
covered  with  feveral  folds  of  black  Cloth  with 
carded  wool  between  each  fold  fo  as  to  make 
a firm  elailic  cuftion.  This  block  has  a handle 
for  the  workman  to  hold  ; for  the  whole  of  this 
part  is  done  by  hand  and  not  by  machinery,  as 
the  latter  would  work  too  uniformly,  and  not 
.allow  of  that  variation  of  prefl'ure  and  thofe 
fini filing  touches  which  are  required  to  bring 
every  part  of  the  glafs  to  exablly  the  fame 
height  of  polift.  But  to  encreafe  the  pref- 
fure  of  the  polifher  without  fatiguing  the  work- 
man, the  handle  is  lengthened  by  a wooden 
fpring  bent  to  a bow  and  three  or  four  feet 
long,  which  at  the  other  extremity  refts  againft 
a fixed  point  in  a beam  placed  above.  The 
plate  being  fixed  on  the  table  by  plafter  he 
then  moiftens  the  polifher  with  a wet  bruft, 
covers  it  with  colcothar  and  begins  his  opera- 
tion by  working  it  backwards  and  forwards 
over  the  furface  of  the  plate.  Much  practical 
fkill  and  dexterity  is  required  to  give  an  uni- 
form and  high  degree  of  polifli  over  the  fur- 
face of  a large  plate,  as  it  rnuft  be  done  by 
l'eparate  portions  and  the  finifhing  touches  given 
with  great  care.  The  glafles  of  moderate  fize 
are  compleated  in  four  portions  from  corner 
to  corner,  the  centers  of  which  intermingle 
fo  as  to  leave  no  part  untouched,  but  the 
larger  glaffes  require  additional  polifhing  in  the 
center.  When  one  fide  is  completed  and  the 
reverfe  is  about  to  be  done,  the  polifted  fide, 
now  the  undermoft,  is  entirely  covered  with 
the  red  colcothar  to  prevent  the  dazzle  re- 
.ftefled  from  the  white  plafter  which  would 


prevent  the  workman  from  judging  fo  accu- 
rately of  the  ftate  of  the  furfaces  on  which  he 
is  employed.  When  both  fides  of  the  glafs  are 
thus  brought  to  the  fame  perfecfionof  polift,  the 
operation  is  finifhed  by  infpecting  the  glafs, 
firfl  cleaning  both  furfaces,  and  laying  it,  each 
fide  alternately  upwards,  upon  a dark  blue  or 
black  cloth  admitting  only  a moderate  light,  and 
if  any  part  appear  lefs  highly  finifhed  than  the 
reft  it  is  retouched  by  a fmall  hand-polifher  and 
colcothar  as  before. 

When  a number  of  fmaller  pieces  of  glafs, 
fuch  as  are.  ufed  only  for  chamber  or  fimilar 
mirrors  are  to  be  polifted,  they  are  laid  together 
on  the  table  and  feveral  of  them  polifted  at  a 
time.  But  as  thefe  confift  of  pieces  often  of 
unequal  thicknefs,  though  their,  furfaces  have 
been  rendered  perfectly  flat  by  the  previous 
grinding,  if  they  were  Amply  placed  fide  by 
fide  and  fixed  on  the  table  by  plafter  as  ufuai, 
the  polifher  would  not  work  well  over  fuch  a 
variety  of  heights,  and  would  aft  chiefly  on  the 
edges  of  each  piece  of  plate.  Therefore  they 
are  all  firft  arranged  on  a large  fmooth  plate, 
finifhed  all  but  the  polifting,  and  previoufly 
wetted,  and  plafter  is  poured  upon  them  by 
which  they  are  fixed  together,  and  then  when 
taken  off",  the  furfaces  which  were  in  conta£t 
with  the  plate  are  perfe£Hy  level  with  each 
other,  and  the  polifting  goes  on  with  the  fame 
eafe  as  on  an  entire  plate. 

What  is  termed  filvering  of  mirrors,  is  apply- 
ing to  the  pofterior  furface  a coating  of  quick- 
filver,  which  metal  when  perfectly  bright  and 
brilliant  refle&s  the  rays  of  light  with  great 
accuracy  and  beauty.  But  as  this  fluid  meftil 
could  not  be  alone  applied  without  great  incon- 
venience, it  is  firft  made  to  adhere  by  a partial 
amalgamation  to  the  furface  of  a flieet  of  tin- 
leaf,  and  then  by  the  help  of  prefl'ure  is  applied 
clofely  to  tire  glafs  in  a very  thin  lamina.  It 
is  therefore  properly  a thin  fheet  of  tin  fully 
impregnated  with  mercury  which  is  the  re- 
flecting furface. 

The  management  of  the  filvering  is  extremely 
Ample.  A perfectly  flat  flab  of  fmoothed  free- 
ftone  (or  fometimes  of  thick  wood)  a little 
larger  than  the  largelt  plate,  is  inclofedi  n a 
fquare  wooden  frame  or  box  open  at  top,  and 
with  a ledge  rifling  a few  inches  on  three  fides 
and  cut  down  even  with  the  (tone  on  the  fourth. 
A fmall  channel  or  gutter  is  cut  at  bottom  of 
the  wooden  frame,  ferving  to  convey  the  wafte 
mercury  cjown  into  a vefi'el  below,  let  to  catch 
it.  The  flab  is  alfo  fixed  on  a centre  pivot,  fo 
that  one  end  may  be  raifed  by  wedges  (and  of 
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courfe  the  other  deprefled)  at  pleafure  when 
working  freely  in  the  box. 

The  llab  being  firll  laid  quite  horizontal, 
and  covered  with  grey  paper  ftretched  tight 
over  it,  a Iheet  of  tin-foil,  a little  bigger  than 
the  plate  to  be  filvered  is  fpread  over  it,  and 
every  creafe  fmoothed  down  carefully  ; a little 
mercury  is  then  laid  upon  it,  and  fpread  over 
with  a tight  roll  of  cloth,  immediately  after 
which  as  much  mercury  is  poured  over  it  as 
will  lie  on  the  flat  furface  without  fpilling. 
That  part  of  the  flab  which  is  oppofite  the  cut- 
down  fide  of  the  wooden  frame,  is  then  covered 
with  parchment,  and  the  glafs  plate  is  lifted  up 
with  care  and  Aid  in  (holding  it  quite  horizon- 
tally) over  the  parchment,  and  lodged  on  the 
furface  of  the  flab.  The  particular  care  re- 
quired here  is,  that  the  under  furface  of  the 
glafs  fhould  from-  the  firft  juft  dip  into  the 
furface  of  the  mercury  (fkimming  it  off  as  it 
were)  but  without  touching  the  tin  leaf  in  its 
pafiage  which  it  might  tear.  By  this  means  no 
bubbles  of  air  can  get  between  the  glafs  and 
the  metal,  and  alfo  any  little  dull  or  oxyd 
floating  on  the  mercury  is  fwept  off  before  the 
plate  without  interfering.  The  plate  being 
then  let  go  finks  on  the  tin-foil,  fqueezing  out 
the  fuperlluous  mercury,  which  pafles  into  the 
channel  of  the  wooden  frame  above-mentioned. 
The  plate  is  then  covered  with  a thick  flannel, 
and  is  loaded  over  the  whole  furface  with  lead 
or  iron  weights,  and  at  the  fame  time  is  tilted 
up  a little,  by  which  Hill  more  of  the  mercury 
is  fqueezed  out.  It  remains  in  this  fituation 
for  a day,  the  Hope  of  the  (lone  flab  being  gra- 
dually increafed  to  favour  the  dripping  of  the 
mercury.  The  plate  is  then  very  cautioufly 
removed,  touching  it  only  hy  the  edges  and 
upper  fide,  and  the  under  fide  is  found  uniformly 
covered  with  a foft  pafty  amalgam  confifting 
of  the  tin- leaf  thoroughly  foaked  with  the 
quickfilver,  and  about  the  thicknefs  of  parch- 
ment. It  is  then  fet  up  in  a wooden  frame, 
and  allowed  to  remain  there  for  feveral  days, 
the  Hope  of  its  pofition  being  gradually  en- 
creafed,  till  the  amalgam  is  fufficiently  hardened 
to  adhere  fo  firmly  as  not  to  be  removed  by 
flight  fcratches,  after  which  the  plate  is  finifhed 
and  fit  for  framing. 

It  is  a confiderable  time  before  the  amalgam 
has  acquired  its  uimoft  degree  of  hardnefs,  fo 
that  globules  of  mercury  will  often  drip  from 
new  mirrors  fom'e  time  after  they  have  been  fet 
up  in  rooms,  and  violent  concuflions  of  the  air, 
fuch  as  from  the  firing  of  cannon,  will  often 
detach  portions  of  the  amalgam.  Thefe  can 


never  be  perfectly  replaced  by  any  patching,, 
as  the  lines  of  jundtion  with  the  old  amalgam 
will  always  be  marked  by  white  feams  feen 
when  looking  into  the  glafs. 

Of  •working  Glafs  •with  the  Lamp  and  Bloiu- 
Pipe. 

A great  variety  of  fmall  articles  of  glafs  for 
philofophical  purpofes,  fuch  as  thermometers 
and  barometers,  and  many  ingenious  toys,  are 
made  out  of  glafs  tubes  , by  the  blow-pipe,  and 
fome  fhort  account  of  the  general  method  of 
proceeding  may  here  be  added. 

The  ufual  apparatus  of  the  glafs  lamp-blow- 
ers is  very  Ample.  It  confifts  of  a folid  table  at 
the  bottom  of  which  is  fixed  a double  bellows 
with  a foot-board,  that  the  artift  may  work  it 
with  his  foot  and  keep  both  his  hands  at  liberty,, 
whence  proceeds  a pipe  which'  condinTs  the 
blaft  to  the  lamp,  which  is  a large  bundle  of 
cotton  thread  lying  in  a tin  vefl'el  of  a horfe- 
fiioe  fhape  and  fed  with  lumps  of  tallow  heaped 
up  befide  it.  Thefe  are  from  time  to  time  drawn 
forwards  into  the  flame,  to  keep  up  the  corn- 
bullion..  A fmall  chimney  hangs  a little  way 
over  the  lamp  to  carry  off  the  fmoke.  The 
blaft-pipe  comes  up  in  front  of  the  table  where 
the  artift  fits,  and  drives  the  jet  of  flame  in  a 
contrary  diredtion  to  his  body,  fo  that  he  is 
not  in  the  leaft  incommoded  by  it.  All  the  reft 
of  his  apparatus  confifts  of  an  aflortment  of 
glafs  tubes,  of  different  bores  and  thicknefles 
of  glafs  (made  at  the  glafs-houfe,  by  pulling  out 
rather  fuddenly  a bottle  of  blown  glafs  when- 
ftill  quite  foft)  and  two  or  three  very  Ample 
iron  tools,  fuch  as  fmall  forceps,  files,  &c. 
Any  other  method  of  working  the  blow-pipe 
may  be  adopted  that  will  give  a very  large  and 
powerful  flame.  The  flame  when  in  full  vigour 
is  a jet  of  fire  about  four  inches  long,  not 
fharp-pointed,  but  like  a blunt  rounded  fpear- 
head,  which  near  its  extremity  is  of  a clear 
light  blue,  and  beyond,  of  a pale  yellow.  The 
blue  part  is  the  hotteft.  As  general  rules  for 
managing  the  working,  the  tubes  fhould  never 
have  any  moifture  introduced  into  them,  and 
fhould  be  well  dried  on  the  outfide  before 
working.  They  are  to  be  heated  gradually 
(with  more  care  in  proportion  to  the  thicknefs) 
firft  by  being  held  in  the  flame  of  the  lamp 
without  blowing,  and  then  at  the  edge  of  the 
outer  yellow  part  of  the  jet  of  flame,  and  flowly 
brought  to  fufion.  The  flame  is  ftrong  enough 
to  bring  to  a very  white-red  heat  a folid  mafs  of 
glafs  about  as  big  as  a child’s  playing  marble,  or 
even  larger,  which  when  blown  out  very  thin, 
will  make  a bulb  of  the  capacity  of  full  thres 
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ounces,  and  this  is  nearly  the  extent  of  the 
power  of  the  common  lamp-blowing.  But  the 
bulbs  for  thermometers,  or  ether  philofophical 
purpofes  are  much  lefs.  Two  or  three  of  the 
commoneft  operations  may  be  deferibed. 

To  feal  a tube  hermetically,  if  fmall,  it  is 
fufficient  to  hold  it  in  the  flame  for  a little  time 
flowly  turning  it  round,  when  the  end  will  melt, 
and  falling  in,  will  clofe  the  cavity  with  a neat 
button.  This  may  be  aflifted  by  pulhing  the 
foftened  ends  in  towards  the  common  center 
with  an  iron  needle.  But  if  the  tube  be  very 
large,  this  button  would  be  too  clumfy,and  being 
thick  would  be  in  danger  of  breaking  on  cooling. 
It  is  therefore  neceflary  to  leffen  the  quantity  of 
glafs,  which  is  done  in  the  following  way : foften 
the  end  of  the  tube  in  the  flame,  and  apply  to  it 
a piece  of  another  tube  of  nearly  the  fame  fize 
(fragments  of  tubes  being  always  abundant  in 
this  bufinefs)  which  will  flick  firmly  to  it. 
Then  foften  the  tube  to  be  fealed  a little  higher 
up  than  the  point  of  jundlure,  and  pull  the  two 
flowly  in  contrary  directions  till  they  feparate. 
The  tube  will  then  draw  out  at  the  heated  part 
into  two  fhort  thin  funnels,  and  a little  turning 
and  management  of  the  flame  will  readily  feal  that 
which  is  wanted,  leaving  the  joined  ends  and 
about  half  an  inch  of  the  lower  part  of  the 
tube  on  the  wafle  pie«e. 

To  bend  a tube,  if  of  a narrow  bore  and  the 
glafs  is  pretty  thick,  it  is  only  neceflary  to  hold 
it  in  the  weaker  part  of  the  flame,  and  foften  it 
for  about  an  inch  or  two  of  its  length,  and  bend 
it  flowly  into  the  required  ihape.  In  this  way 
barometer  tubes  are  bent.  But  if  the  tube  be 
wide,  and  tne  glafs  thin,  this  way  of  bending 
entirely  deflroys  the  cylindrical  form  of  the 
bore  at  the  bent  part,  making  a double  flattening. 
To  avoid  this,  firft  feal  up  one  end  of  the  tube, 
and  then  whilfl  bending  it  at  the  required  part, 
blow  fleadily  and  gently  into  the  open  end,  and 
the  preflure  of  the  breath  will  counteract  the 
falling  in  of  the  fules  of  the  bending  portion, 
and  keep  the  bore  cylindrical.  The  clofed  end 
is  then  cut  off  by  the  file,  to  do  which  make  a 
deep  fcratch  with  one  edge  of  a fine  three- 
cornered  file  on  the  part  intended  to  be  cut,  then 
break  the  tube  with  a fmart  pull  in  that  dire£tion 
in  which  the  fcratched  part  will  be  outermofl, 
and  it  will  feparate  in  general  with  great  accu- 
racy at  this  point. 

To  join  two  tubes,  heat  them  both  in  the 
flame,  and  apply  them  together  when  white  hot, 
turning  them  round  to  finifh  the  confolidation, 
or  elfe  to  avoid  the  thick  ring  of  glafs  which 
this  produces,  previoufly  clofe  one  end  of  one 


tube,  and  when  the  two  are  fully  joined  blow 
into  the  open  end  of  the  other  tube,  and  pull 
them  out  a little  at  the  point  of  junCture,  till  an 
equal  cylinder  is  formed. 

To  form  a bulb  (of  a thermometer  for  ex- 
ample) choofe  a tube  of  a very  equal  bore,  feal 
the  end  in  the  ufual  manner,  and  to  colleCt  a 
greater  mafs  of  glafs  at  the  end,  prefs  upward* 
on  it  while  quite  hot  with  any  iron  inllrument, 
fo  as  to  confolidate  and  fhorten  it  a little;  let 
it  remain  in  the  hottefl  part  of  the  flame  till  the 
lump  of  glafs  is  quite  white  hot,  then  remove  it, 
put  your  lips  to  the  open  end  without  lofs  of 
time,  holding  it  with  the  hot  part  loweft,  and 
blow  moderately  and  fleadily.  The  lump  of 
hot  glafs  will  immediately  open  into  a bulb,  the 
fize  of  which  can  be  regulated  at  pleafure. 

Glafs  maybe  fpun  out  into  threads  of  almofl 
indefinite  minutenels  by  means  of  the  blow-pipe. 
When  no  thicker  than  fine  hair,  it  is  extremely 
flexible  and  elallic,  and  if  Hill  finer  it  may  be 
wound  almoft  like  common  thread  without 
breaking.  The  way  of  doing  it  is  very  fimple* 
A piece  of  glafs  tube  is  heated  in  the  lamp, 
and  the  end  drawn  out  into  a thread  by  means 
of  another  piece  of  glafs  cemented  to  it.  When 
a fine  thread  is  once  drawn,  the  end  is  carried 
round  a reel  or  wheel  two  to  three  feet  in  dia- 
meter, and  by  turning  the  wheel  and  continuing 
to  heat  the  tube,  an  endlefs  thread  is  drawn 
out,  winding  round  it  as  long  as  the  artift  pleafes 
or  the  glafs  lafls.  The  quicker  the  wheel  re- 
volves, and  the  hotter  the  glafs  is  kept,  the 
firmer  is  the  thread,  which  may  thus  be  made 
as  delicate  as  a fingle  filk-worm’s  thread,  with 
extreme  flexibility.  Different  coloured  threads 
are  made  in  this  way  by  ufing  very  deeply 


A Angular  change  occurs  in  the  texture  of 
glafs,  more  particularly  of  green  bottle  glafs, 
made  only  of  fand,  lime,  and  faline  allies,  when 
expofed  for  fome  time  to  a moderate  red  heat, 
or  any  higher  temperature,  but  below  its  melt- 
ing point.  This  is  peculiarly  obfervable  when 
it  has  been  in  contadl  with  fand,  and  hence  it 
frequently  takes  place  in  green  glafs  retorts 
long  expofed  to  a high  heat  in  fand-bath  diftil- 
lations.  Neuman  appears  the  fit'll  who  noticed 
this  change,  which  was  afterwards  examined 
more  at  large  by  Reaumur,  and  from  the  por- 
cellanous  texture  which  the  glafs  aflumes  when 
thus  changed,  it  has  been  commonly  called 
Reaumur  \ porcelain.  This  ingenious  philofophcr 
had  the  idea  that  much  advantage  might  be 
made  of  this  faCt  in  rendering  glafs  much 
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tougher  and  lefs  liable  to  crack  from  changes  of  water,  without  cracking,  and  at  the  fame  time 
heat  and  cold.  No  ufe  however  has  been  made  its  texture  is  fo  dcnfe  that  no  acrid  liquors 
of  it  in  manufacture,  but  as  a curious  chemical  whatever  either  corrode  it  or  tranfude  through 
or  phyfical  phenomenon  it  deferves  further  it.  The  circumilance  which  the  moll  prevents 
notice.  its  ufe  in  manufacture  is,  that  though  the  inner 

Dr.  Lewis  made  the  following  very  valuable  texture  is  fine  and  white,  the  outer  is  coarfe 
experiments  on  this  fubftance.'  A number  of  and  dirty-looking.  When  the  heat  is  fo  long 
pieces  of  common  quart  bottles  were  put  into  continued  that  the  texture  changes  from  fibrous 
crucibles  vyith  white  fand  poured  over  them,  to  granular,  it  again  becomes  foft,  no  longer 
and  put  into  a proper  furnace  where  they  were  gives  fire  with  fteel,  and  loles  its  cohefion. 
heated  for  many  hours,  and  pieces  withdrawn  Another  important  circumitance  to  be  ob- 
from  time  to  time  to  examine  the  progrefs  of  ferved  is,  that  when  this  fibrous  porcellanous 
the  change.  The  pieces  that  were  taken  out,  glafs  is  expofed  to  a very  ftrong  heat  it  melts 
after  many  hours  heating,  but  below  rcdntfs , did  into  a femi-tranfparent  mafs,  drawing  out  in 
not  appear  to  have  fuffered  any  change  what-  firings,  which  on  breaking  are  now  no  longer 
ever.  In  a low  red  heat  the  change  went  on  fibrous,  but  have  returned  to  the  vitreous  fate, 
though  very  flowly,  but  in  a ftrong  red  heat  and  at  the  lame  time  again  becomes  no  harder 
approaching  to  whitenefs,  juft  not  fufficient  to  than  the  glafs  from  which  it  was  originally 
melt  the  glafs,  the  change  went  on  pretty  fail,  made.  However  it  does  not  melt  fo  eafily  as 
and  in  two  hours  the  glals  had  affirmed  the  ap-  the  glafs  itfelf,  and  the  longer  it  is  cemented 
pearance  of  porcelain,  the  change  beginning  at  the  more  difficult  of  fufion  it  becomes,  fo  that 
each  furface  and  fpreading  gradually  to  the  the  granular  porcelain  requires  a much  higher 
middle.  heat  for  melting  than  the  fibrous. 

The  glafs  firft  became  blueiffi  on  the  furface,  Dr.  Lewis  repeated  the  experiments,  inl- 
and, when  held  to  the  light,  yellowiffi,  and  bedding  the  glafs  in  a variety  of  fubftances  in- 
with  a very  fenfible  diminution  of  its  tranfpa-  Head  of  fand,  fuch  as  bone-afh,  charcoal,  chalk, 
rency.  After  this  it  gradually  became  white  &c.  but  in  all  the  change  of  texture  was  the 
and  opake,  and  the  texture  was  no  longer  vitre-  fame,  the  outer  colour  alone  being  affedled. 
ous,  but  fibrous,  and  the  fibres  difpofed  nearly  He  then  heated  the  glafs  by  itfelf,  being  ftuck 
parallel  to  each  other.  By  degrees  the  glafs  up  with  a little  luting  in  the  middle  of  the 
became  throughout  opake  and  fibrous,  and  the  crucible,  and  therefore  touching  nothing  with 
colour  of  a dun  white  ; the  fibres  were  arranged  the  part  above  the  luting.  The  fame  change 
regularly  from  the  fides  to  the  middle,  where  however  took  place,  though  more  flowly,  and 
the  fibres  from  the  two  fides  meeting,  formed  a with  fome  inconvenience  from  the  falling  in  of 
kind  of  partition,  in  which  occafionally  were  fome  of  the  pieces  when  foftened  by  the  heat, 
pretty  large  cavities.  A longer  continuance  of  The  fand  therefore  has  little  other  effedl  than 
fire  induced  a further  change  of  texture,  the  to  fupport  the  glafs  during  the  procefs,  and 
fibres  became  divided  or  cut  into  grains  at  the  prevent  it  from  lofing  its  fliape.  Another  im- 
outer  ends  and  gradually  through  their  whole  portant  fa£l  to  the  explanation  of  the  caufe  is 
length,  and  the  whole  fubftance  changed  in  that  the  glafs  does  not  fenfibly  lofe  or  gain 
texture  from  fibrous  to  granular , like  common  weight  in  the  whole  converfion  from  the  vitre  - 
porcelain.  By  a ftill  further  continuance  of  ous  to  the  fibrous  ftate. 

fire  the  grains,  at  firft  fine  and  glofly,  grew  Mr.  Gregory  Watt,  in  his  moll  valuable 
larger  and  duller,  from  being  very  compact  paper  on  Balalt,  u very  happily  brings  this  por- 
became  porous,  and  at  laft  a friable  fubftance  cellanous  change  of  glafs  as  an  illuftration  of 
like  a flightly  cohering  mafs  of  white  fand,  not  his  important  pofition,  namely,  that  bodies  whofe 
eafy  to  be  diftinguifhed  from  the  fand  in  which  fibres  have  a natural  tendency  to  a cryftalline 
it  was  imbedded.  arrangement,  or  a polarity,  when  vitrified  by  a 

Glafs  thus  changed  whilfl  it  remains  in  the  fufficient  heat  and  cooled  haftily  in  the  vitreous 
fibrous  ftate,  is  confiderably  tougher  and  harder,  ftate,  are  able  fubfequently  to  return  to  their 
fo  as  to  give  abundant  fparks  with  fteel,  which  natural  cryftalline  arrangement  of  fibre  when 
common  green  bottle  glafs  will  hardly  do,  to  expofed  to  a heat  merely  fufficiently  to  fofteu 
cut  all  common  glafs  with  eafe,  and  fcarcely  to  the  texture,  though  not  enough  for  fufion.  This, 
be  fcratched  by  the  file.  It  will  bear  alfo  to  be  in  the  inftance  of  bafalt,  he  ffiews  by  the  fin- 
plunged  fuddeniy  from  freezing  to  boiling  g.ular  cryftallizations  formed  in  the  cells  of 
* Commerce  of  the  Arts.  * Phil.  Tranf.  for  1804. 

3 s 


VOL.  1. 


G L A 


GL  A 


( 505  ) 


fufed  bafalt,  long  after  it  had  loll  the  liquidity 
of  fufion.  The  circumftance  of  no  material 
change  occurring  in  the  weight  of  glafs  by  this 
converfion  into  the  fibrous  ftate,  fhews  incon- 
teftibly  that  it  cannot  be  owing  either  to  any 
thing  gained  during  the  procei's,  nor  to  any 
material  lofs  of  the  alkali,  and  this  is  alfo  ren- 
dered manifeft  by  its  return  to  the  vitreous 
ftate  and  vitreous  qualities  when  again  melted. 
This  too  may  again  be  porcellanized  in  the  fame 
way,  and  again  be  melted  into  glafs,  and  fo  on 
alternately. 

Glafs  has  been  often  found  cryftallized  quite 
at  the  bottom  of  the  pots,  and  in  places  where 
it  has  cooled  undifturbed  for  a length  of  time. 
This  is  particularly  the  cafe  in  that  mafs  of 
refufe  and  fpilled  glafs,  with  allies,  melted  drops 
from  the  clay  of  the  furnaces  and  pots,  &c. 
which  falls  down  behind  the  pots  in  the  fur- 
nace.31 This  is  generally  raked  out,  but  part 
of  it  remains,  and  when  the  fire  is  let  to  go  out, 
and  the  furnace  is  become  ufelefs,  thel'e  cry- 
ftallizations  are  ufually  found  here.  They  are 
found  in  all  kinds  of  glafs,  but  lefs  often  in  the 
fine  flint  and  the  very  faline  glafles,  than  in  the 
coarfer  green  and  crown  glafles. 

* * * 

Of  Coloured  Glasses. 

The  metallic  oxyds  when  mixed  with  any  of 
the  glafles,  dilfove  in  them  with  eafe  at  a melt- 
ing heat,  and  always  change  the  colour  more 
or  lefs,  fometimes  producing  very  beautiful 
compounds,  which  when  well  prepared,  have 
a luftre  and  richnefs  of  colour  ftrongly  refem- 
bling  that  of  the  natural  gems,  though  in  an 
inferior  degree.  The  bufinefs  of  making  thefe 
coloured  glafles  or  artificial  gems,  is  carried  on 
to  a very  great  extent  in  the  manufacture  of  a 
variety  of  ornaments,  and  though  much  of  the 
management  remains  a fecret  in  the  hands  of 
the  artifts,  a good  deal  of  valuable  matter  has 
been  made  public  by  the  labours  of  Neri, a 
Kunckel, b Margraaf, c Fontanieu,d  and  many 
other  practical  chemifts. 

It  is  very  eafy  for  any  perfon  at  all  ufed  to 
chemicaL  experiments  to  repeat  moft  of  thefe 
in  the  fmall  way,  with  fufficient  fuccefs  to 
i'atisfy  himfelf  of  the  leading  fats,  though  for 
the  purpofe  of  manufature  more  care  in  the 
choice  and  preparation  of  the  materials,  and  a 
greater  length  of  time  in  the  melting  part  is  re- 
quired than  moft  experimenters  choofe  to  beftow. 

It  may  be  premifed  too  that  the  art  of  making 
coloured  Enamels  is  eflentially  the  fame  as  that 
of  coloured  glafles,  the  chief  difference  being 

* Dartigbcs  J.  Phyf.  tom.  jj.  1 Art.  de  la  Vcrrerie. 


that  in  the  former  cafe  the  ground,  or  vitreous 
fubftance  that  receives  die  colour  is  an  opake 
enamel  glafs,  and  in  the  latter  a clear  trans- 
parent glafs.  lhe  way  of  preparing  the  enamel 
ground  is  defcribed  under  that  article.  The. 
colouring  power  of  the  metallic  oxyds  is  alfo 
in  many  inftances  much  afteted  by  the  degree 
of  heat  to  which  they  are  expofed,  and  to  the 
other  ingredients  with  which  they  are  mixed, 
and  hence  arile  a good  many  precautions  and 
niceties  of  management,  many  of  which  are  only 
known  to  the  pratical  artift.  There  feems  good 
real'on  to  fuppofe  that  much  of  this  difference 
depends  on  the  degree  of  oxygenation  in  which 
the  colouring  oxyd  is  left  after  the  aftion  of 
fire,  or  of  the  other  ingredients.  The  pheno- 
mena that  occur  in  the  ufe  of  manganefe  have 
already  been  defcribed,  and  fomething  fimilar 
happens  in  ufing  the  oxyds  of  iron  and  Silver. 
Sometimes  a metallic  oxyd  may  be  fo  nearly 
reduced  to  the  reguline  ftate,  as  not  to  be  per- 
fectly foluble  in  the  glafs,  but  only  fufpended 
in  it.  This  happens  occasionally  with  the  oxyd 
of  copper,  which  when  perfetly  oxydated  gives 
a fine  blueifti-green,  but  when  nearly  in  the 
metallic  ftate  produces  a brown-red  and  not 
perfectly  tranfparent  glafs.  There  is  alfo  a 
mutual  aCtion  of  the  oxyds  upon  each  other, 
fo  that  the  glafles  in  which  oxyd  of  lead  enters, 
will  not  receive  a red  colour  by  iron,  an  effeCt 
which  is  not  produced  with  the  merely  alkaline 
glafles.  Much  remains  to  be  done  on  this  very 
curious  and  entertaining  fubjeCt  of  the  colour- 
ring power  of  metallic  oxyds,  and  it  is  only  by  a 
well-conduCted  fcientific  feries  of  experiments 
that  the  perplexing  intricacy  of  many  of  the 
receipts  of  the  articles  on  this  fubjeCt  can  be 
reduced  to  certain  rules. 

In  making  coloured  glafles  to  refemble  artifi- 
cial gems,  the  glafs  which  is  to  receive  the 
colour  (which  is  often  called  cryjlal)  ought  to 
unite  the  qualities  of  great  purity,  luftre,  and 
hardnefs,  together  with  a fufficient  fufibility 
to  melt  at  a moderate  heat  thofe  oxyds  that 
are  in  danger  of  being  decompofed  by  a high 
temperature.  A vaft  variety  of  receipts  have  been 
given  for  fuch  a glafs,  and  it  appears  that  feveral 
forts  are  actually  in  ufe  according  to  the  price 
and  objet  of  the  manufactured  article.  The 
glafles  that  pofiefs  the  greateft  luftre  and  are  at 
the  fame  time  eafily  fuiible,  are  unqueftionably 
thofe  in  which  the  oxyd  of  lead  enters  very 
largely,  and  it  appears  that  many  of  them  are 
little  elfe  than  oxyd  of  Jead  vitrified  with  a 
much  fmaller  proportion  of  filex  than  is  ufed 
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even  in  fllnt-glafs,  or  any  other  fpecie9.  To 
thefe  borax  is  an  important  addition,  and  often 
arfenic  and  other  fluxes  are  added.  But  it  un- 
fortunately happens,  that  the  lead-glafles  are  at 
the  fame  time  the  fofteft,  and  fcratch  with  the 
greateft  eafe.  Hence  it  is  the  perfe&ion  of 
this  art  to  find  a compound,  or  manage  any  of 
the  known  compounds,  in  fuch  a manner  as  to 
unite  both  luftre  and  hardnefs ; in  the  former, 
the  natural  gems  (the  diamond  excepted)  may 
be  very  nearly  ajualled,  but  not  in  the  latter. 

Many  of  the  older  artifts  have  had  the  idea 
that  a harder  glafs  would  be  obtained  by 
making  rock  cryftal  the  filiceous  bafis  than  fand, 
flint,  or  any  other  (tone  of  this  genus.  But 
this  feems  totally  unfounded,  for  when  once 
diflolved  in  a flux  of  any  kind,  the  hardnefs  of 
rock-cryftal  is  irrecoverably  loft,  as  it  is  not 
an  inherent  property  of  this  particular  fpecies 
any  otherwife  than  as  depending  upon  its  natu- 
ral aggregation,  which  of  courfe  is  deftroyed. 
Perhaps  it  may  be  fomewhat  purer  than  the 
fineft  fand,  or  than  powdered  gun-flints,  fince 
thefe  (the  latter  at  leaft  certainly)  contain  a 
very  minute  portion  of  iron,  which  poflibly, 
though  not  very  probably,  may  a little  affect 
the  very  fineft  colours.  It  is  rendered  friable 
by  being  heated  red-hot  and  quenched  in  water 
in  the  fame  way  that  gun-flints  are.  It  fhould 
then  be  ground  in  a hard  ftone  mortar,  or  in  a 
mill,  and  not  in  any  metallic  mortar. 

A few  of  thefe  glafles  may  be  here  given 
from  the  directions  of  M.  Fontanieu. 

No.  I.  Mix  20  parts  of  litharge,  i2offilex, 
4 of  nitre,  4 of  borax,  and  2 of  white  arfenic, 
frit  them  in  a crucible  and  afterwards  melt, 
then  pour  the  whole  into  water,  feparate  any 
revived  lead  that  may  be  found,  and  melt  again. 

No.  2.  Mix  20  parts  of  cerufle,  8 of  filex 
(powdered  gun-flints)  4 of  carbonat  of  potafh, 
and  2 of  borax.  When  melted,  pour  into  water, 
and  re-melt  in  a clean  crucible. 

No.  3.  Mix  16  parts  of  minium,  8 of  rock- 
cryftal  in  powder,  4 of  nitre,  and  4 of  carbonat 
of  pot-afh  ; melt  and  re-melt  as  before. 

No.  4.  Treat  as  above  24  parts  of  borax,  8 
parts  of  rock-cryftal,  and  8 of  carbonat  of  pot- 
afh. 

No.  5*  Make  a quantity  of  liquor  of  flints 
by  fritting  together  3 parts  of  alkali  with  1 
of  rock-cryftal,  which  difl'olve  in  water,  and 
faturate  with  dilute  nitric  acid.  Edulcorate 
and  dry  the  filex  which  precipitates,  and  which  is 
then  in  a very  fine  impalpable  powder.  Then  melt 
it  in  a crucible  with  if  its  weight  of  very  fine 
cerufle,  and  pour  the  glafs  into  water.  Then 


break  it  down  and  melt  it  with  xx  its  weight 
of  borax,  and  pour  into  water  as  before. 
Laftly  melt  this  latter  produCI  with  XT  of  nitre, 
and  the  refult  will  be  a very  fine  hard  glafs  of 
extreme  luftre. 

Of  the  above  glafles,  No.  1.  will  be  extremely 
foft  and  fufible,  on  account  of  the  large  propor- 
tion of  flux,  and  it  requires  a very  good  crucible 
to  withftand  the  corroding  effeft  for  a number 
of  hours.  The  crucibles  are  found  to  ftand 
better  if  they  are  firft  lined  with  any  common 
glafs  without  lead,  for  which  purpofe  a little  of 
the  glafs,  No.  4,  may  be  moiltened  with  water, 
rubbed  over  the  infide  of  the  crucible,  flowly 
and  thoroughly  dried  and  heated  red-hot  before 
the  mixture  is  added,  which  will  give  it  an 
uniform  glazing.  Silex  requires  to  make  a 
perfect  and  fufficiently  workable  glals  from  if 
to  twice  its  weight  of  oxyd  of  lead,  and  a glals 
of  this  kind  with  a fmallcr  quantity  of  oxyd 
of  lead  and  a little  other  flux,  will  be  very  hard 
and  brilliant,  and  will  imitate  the  diamond  when 
properly  fet,  more  than  molt  other  compo- 
fitions. 

The  length  of  time  required  for  fufion  of 
the  coloured  glafles,  appears  to  be  for  the  hard 
glafles  or  pcijles , at  lealt  twenty-four  hours,  but 
the  fofter  mixtures  are  thoroughly  compleat  in 
a few  hours.  In  the  glafs,  No.  4,  the  filex  is 
firft  dire£ted  to  be  reduced  to  the  ftate  of  the 
greateft  purity,  and  the  moft  impalpable  powder, 
by  previous  fufion  with  an  excefs  of  alkali,  and 
precipitation  by  an  excefs  of  acid.  It  is  feldom 
however  that  fuch  extreme  nicety  of  prepara- 
tion can  be  required,  and  probably  finely  pow- 
dered flints  would  anfwer  as  well,  or  even  fine 
fand.  The  procefs  of  pouring  the  melted  glafs 
into  water,  and  re-melting,  is  uled  to  mix  the 
ingredients  thoroughly,  and  is  found  by  ex- 
perience to  have  its  ufe. 

We  fh all  now  proceed  to  the  colouring  mat- 
ters which  (one  excepted)  are  all  metallic  oxyds. 
We  {hall  firft  mention  the  effe£I  of  the  feveral 
metals  individually,  and  then  the  method  of 
producing  the  particular  colours. 

Of  Gold.  This  metal  in  the  ftate  of  great 
divifion,  and  oxydated,  has  long  been  celebrated 
for  giving  to  glafs  a moft  exquifite  purplifh-red 
refembling  the  ruby,  and  nearly  equalling  it  in 
beauty.  It  is  both  the  moft  expenfive  and  the 
moft  lplendid  of  all  the  artificial  gems  or  co- 
loured glafles,  but  the  management  feems  to  be 
extremely  difficult  to  enfure  the  compleateft  and 
moft  uniform  fuccefs,  principally,  as  may  be 
fuppofed,  from  the  great  tendency  of  gold  to 
aflume  the  reguline  ftate  by  mere  heat,  by  any 
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carbonaceous  vapour,  or  by  hydrogen.  The 
molt  celebrated  and  the  commoneft  preparation 
of  gold  for  giving  a purple  to  glafs  and  porce- 
lain, is  the  purple  precipitate  of  Coffins,  or  gold 
precipitated  from  its  nitro-muriatic  folution,  by, 
and  together  with,  the  oxyd  of  tin.  The  ufual 
way  of  making  it  is,  to  dilute  very  largely  a 
folution  of  gold  in  aqua-regia  (formed  by  about 
3 parts  nitric  and  i muriatic  acid)  and  add  to 
it  drop  by  drop  a very  dilute  nitro-muriat  of  tin, 
well  Saturated  with  this  metal.  The  liquors 
immediately  become  of  a purplifh  red  colour 
(like  Port  wine  and  water)  and  by  Handing,  a 
precipitate  of  this  colour  with  fome  varieties  of 
fliade,  llowly  fubfides.  A fimilar  precipitate 
all'o  takes  place  with  the  nitro-muriat  of  gold 
and  the  pale  muriat  of  tin,  and  alio  with  great 
certainty  by  immerfing  a Hick  of  tin  in  the 
dilute  folution  of  gold.  Though  the  change  of 
colour  always  takes  place  when  the  nitro-muriat 
of  tin  is  ufed,  the  precipitate  fometimes  fails 
to  feparate  without  any  apparent  reafon.  This 
fubftance  is  a mod  intimate  mixture  of  the 
oxyds  of  tin  and  of  gold,  but  the  precife  Hate 
of  oxygenation  of  the  tin  is  not  well  known, 
nor  its  exaft  ufe.  It  is  certainly  not  eflential 
to  give  the  purple-red  tinge  to  glafs,  fince 
many  other  preparations  of  gold  will  produce 
it,  in  which  not  an  atom  of  tin  enters.  Poffibly 
the  tin  enables  the  gold  to  bear  a longer  con- 
tinuance of  heat,  and  a higher  temperature, 
without  reduction. 

The  precipitate  formed  by  metallic  tin  and 
the  folution  of  gold,  may  be  fuppofed  to  be  at  a 
lower  Hate  of  oxygenation  than  where  the  nitro- 
muriat  of  tin  is  employed,  and  probably  it  is 
always  ufeful  to  add  a little  nitre  to  the  powder 
before  mixing  to  prevent  the  partial  reduction 
of  the  gold  by  the  heat.  Neither  copper  nor 
filver,  in  fmall  quantities,  appear  to  injure  the 
colouring  power  of  gold. 

Another  preparation  of  this  metal  ufed  in 
glafs  and  porcelain  colours,  is  the  fulminating 
gold , prepared  by  precipitating  this  metal  from 
its  nitro-muriatic  folution  by  ammonia.  This 
preparation  is  known  to  explode  moll  violently 
when  raifed  to  fomewhat  lefs  than  a tin  melting 
heat,  or  even  by  moderate  fridlion,  but  if  kept 
for  fome  time  at  a much  lower  temperature, 
being  previoufly  mixed  with  a fixed  alkali,  it 
lofes  its  fulminating  property,  and  may  be  fafely 
ufed.  A more  manageable  preparation  of  gold 
is  the  precipitate  from  the  nitro-muriat  of  gold, 
by  carbonat  of  potaflr,  which  is  a brown-red  or 
yellowifh  powder,  and  is  not  fulminating  pro- 


vided the  folution  of  gold  be  made  with  the 
muriatic  acid,  and  not  muriat  of  ammonia,  for 
it  is  the  prefence  of  ammonia  that  is  eflential  to 
the  fulminating  property.  For  the  fine  porce- 
lain carmines,  this  carbonated  oxyd  of  gold,  as 
well  as  the  decompofed  fulminating  gold,  is 
mixed  with  luna  cornea,  and  then  with  the 
proper  quantity  of  faline  flux,  in  which  nitre 
and  borax  ufually  enter.  a The  colouring 
power  of  thefe  fimple  oxyds  of  gold,  is  nearly 
twelve  times  as  ftrong  as  that  of  the  purple 
precipitate,  another  proof  that  the  tin  does  not 
of  itfelf  add  to  the  body  of  colour.  An  ingeni- 
ous way  of  producing  a molt  intimate  admix- 
ture of  the  oxyd  of  gold  with  filex,  is  to  add 
the  nitro-muriatic  folution  of  the  metal  to  the 
liquor  filicum,  or  filicited  alkali,  and,  if  necef- 
fary,  to  add  a further  quantity  of  any  acid  to 
faturate  the  alkali.  The  filex  is  then  precipi- 
tated in  very  intimate  combination  with  the 
gold,  and  when  wafhed  and  dried,  is  fit  to  be 
ufed  as  a colour,  when  mixed  with  nitre  and 
borax  or  any  other  flux. 

Whenever  the  purple  precipitate  by  tin  is 
ufed,  it  appears  to  be  the  practice  to  add  about 
-j-  of  its  weight  of  the  perfeft  white  oxyd  of 
antimony  by  nitre,  or  elfe  of  the  glafs  of  anti- 
mony. This  naturally  gives  a yellow,  and  it 
feems  by  experience  to  be  a very  important  in- 
gredient in  the  compofuion  of  the  fine  ruby 
glafs.  The  particular  rules  for  managing  the 
fire  in  making  this  nice  and  difficult  prepara- 
tion, are  known  only  to  practical  artifts,  but  k 
can  hardly  be  doubted  that  the  peculiar  rifk  is 
of  giving  too  much  heat,  and  thereby  of  de« 
ftroying  the  colour  altogether.  All  kind  of 
fmoke  and  other  vapours  fhould  alfo  be  avoided. 
The  fineft  ruby  glafs  is  faid  to  come  out  of  the 
crucible,  when  compleat,  quite  colourlefs,  but 
to  afl’ume  its  peculiar  exquifite  tint  as  it  cools. 

Of  Silver.  All  the  oxyds  of  filver  give  natu- 
rally a yellow  to  vitrefcent  mixtures,  which  ap- 
pears to  be  very  pure  and  beautiful,  but  is  not 
often  ufed  in  the  coloured  glafles  on  account  of 
the  eafe  with  which  it  is  deftroyed  by  too  much 
heat.  It  feems  to  be  chiefly  ufed  in  the  tender 
porcelain  and  enamel  colours,  where  the  eye  of 
the  artifl  can  always  be  upon  his  work,  and  the 
heat  is  lower  and  much  more  manageable. 
In  the  latter  cafe  the  oxyd  of  filver  is  generally 
inixed  with  a fmall  quantity  of  alumine.  The 
phofphat  of  filver  formed  by  adding  the  nitrat 
of  filver  to  the  phofphat  of  foda,  is  alfo  em- 
ployed. b 

Of  Iron.  The  {hades  of  colour  produced  by 
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the  oxyds  of  iron  are  very  numerous.  In  the 
general  account  of  glafs-making  it  was  obferved 
that  a very  fmall  portion  of  iron  fully  vitrified 
with  a large  body  of  glal's  gave  different  fhades 
of  green  and  yellow,  and  to  this  the  colour  of 
common  green  bottle  glafs  feems  to  be  owing. 
A larger  dofe  of  iron  gives  a yellow  after  tho- 
rough vitrification,  and  a ftill  larger  gives  a 
brownifh  black,  which  feems  to  be  only  a yellow 
very  much  concentrated,  fince  this  latter  colour 
is  again  produced  by  diluting  the  brownifh-black 
with  a greater  quantity  of  uncoloured  glafs. 
The  oxyds  of  iron  alfo  produce  a red  upon 
enamel  and  porcelain,  but  as  it  appears,  this  is 
only  owing  to  imperfe£t  vitrification,  that  is  to 
fay,  it  is  only  red  as  long  as  it  is  merely  fufpended 
in  the  glafs  flux  in  a ftate  of  extreme  divifion, 
for  when  by  railing  the  heat  a compleat  fufion 
of  the  oxyd  is  produced,  the  colour  turns  to 
yellow.  This  change  is  ingenioufiy  prevented 
by  combining  the  oxyd  previoufly  with  alumine, 
by  mixing  the  fulphat  of  iron  and  alum  together 
in  folution,  and  precipitating  both  together  by 
carbonat  of  potafh,  as  mentioned  under  the 
article  Enamel . 

A great  many  preparations  of  iron  for  thefe 
purpofes  have  been  given,  particularly  the  faffron 
of  mars , the  ethiops,  and  the  red  oxyd  precipi- 
tated from  any  of  the  folutions,  all  of  which 
will  be  mentioned  under  the  article  Iron.  It 
does  not  appear  however  that  there  is  any  cer- 
tain foundation  for  preferring  one  to  the  other, 
for  even  the  perfeft  oxyd  by  nitric  acid,  and 
which  is  itfelf  of  a dark  red-brown,  when  fully 
vitrified  produces  a yellow  or  brown  according 
to  the  dofe,  as  well  as  any  of  the  fub-oxyds. 
Brogniart  aflerts  that  the  prefence  of  the  oxyd 
of  lead  Angularly  difpofes  the  perfect  oxyd  of 
iron  to  lofe  its  red  or  rofe  colour,  for  which  it 
is  ufed  in  enamelling,  when  urged  by  ftrong 
fire,  but  when  no  lead  is  prefent  the  colour  is 
fixed. 

Of  Copper.  All  the  oxyds  and  carbonated 
oxyds  of  copper  produce  a fine  green  when 
thoroughly  vitrified  with  any  kind  of  glafs  or 
flux,  and  this  colour  is  one  of  the  eafieft  to 
produce  in  experiments  in  the  fmall  way.  There 
does  not  feem  to  be  much  reafon  for  preference 
of  one  preparation  over  the  other.  Thofe  the 
molt  frequently  employed  are  the  carbonated 
oxyd  produced  by  adding  a carbonated  alkali  to 
the  fulphat  of  copper,  and  alfo  the  res  uftum  or 
copper  oxydated  and  calcined  Amply  by  heat 
and  accefs  of  air.  This  m^tal  however  may  be 
made  to  give  a carmine  red  (or  mixed  with  iron 


a full  deep  red)  by  adding  to  glafs  containing 
it  a quantity  of  tartar  when  in  compleat  fufion 
and  working  off  almoft  immediately.  The  oxyd 
of  copper  mull  in  this  cafe  be  reduced  nearly 
to  the  reguline  ftate.  A greater  continuance  of 
the  heat  reftores  the  green  colour.  The  oxyd 
of  copper  is  alfo  often  mixed  with  manganefe 
and  iron  in  the  compofition  of  the  full-bodied 
black  glafs.  This  oxyd  when  combined  with 
thrice  its  weight  of  alumine  runs  in  a ftrong 
heat  into  an  opake  red  enamel. 

Of  Lead.  The  oxyds  of  lead  naturally  give 
a yellow  tinge  to  glafs,  but  only  confiderably  fo 
when  in  very  large  quantity.  Their  ufe  as  a 
flux  has  been  repeatedly  mentioned,  and  they 
will  readily  vitrify  molt  compleatly  in  a mo- 
derate heat  without  addition,  or  will  unite  with 
any  other  vitrifiable  matters  and  molt  power- 
fully aflift  their  vitrificatioiv  This  oxyd  is 
feldom  ufed  diredfly  as  a colour,  on  account  of 
the  enormous  proportion  required,  which  ftiould 
be  at  Ieaft  three-fourths  of  the  glafs  to  give  a 
yellow  of  any  intenfity,  and  this  would  give  a 
compound  extremely  foft  and  one  that  would 
powerfully  corrode  the  crucibles. 

Of  Antimony.  The  perfect  oxyd  of  this  metal- 
gives  a full  yellow  to  glafs  which  is  much  ufed, 
both  alone  and  in  compound  colours  in  which 
yellow  is  a neceflary  ingredient. 

Of  Manganefe.  The  peculiar  circumftances 
attending  the  ufe  of  this  metallic  oxyd  in  glafs- 
making  have  already  been  mentioned.  When 
not  in  contadf  with  carbonaceous  matter  the 
proper  colour  given  by  this  oxyd  to  glafs  is  a 
purplifh-red,  rather  muddy  when  in  full  body, 
but  ftill  very  beautiful.  It  is  almoft  always 
combined  with  nitre  when  thus  employed.  The 
colour  is  totally  deftroyed  by  all  the  arfenical 
falts  as  before  mentioned,  and  therefore  arfenic 
in  any  form  fhould  be  avoided  when  manganefe 
is  ufed  as  a colouring  matter.  It  alfo  is  the 
principal  ingredient  in  moft  of  the  black  glalfes. 

Of  Cobalt.  The  colour  given  by  the  oxyd  of 
this  metal  is  a fine  deep  blue,  which  is  unalter- 
able in  any  fire,  and  fucceeds  with  any  flux. 
The  colouring  power  is  alfo  very  intenfe.  Zafire 
is  ufually  employed  for  this  purpofe.  Cobalt 
is  alfo  ufed  for  fome  of  the  finer  blacks  mixed 
with  manganefe  and  iron,  and  with  the  yellow 
of  antimony  and  lead  it  compofes  a green. 

Of  Nickel.  Though  this  oxyd  is  not  actually 
ufed  it  may  here  be  mentioned  that  the  oxyd 
gives  a violet-blue  glafs  with  fluxes  of  potafh  and 
to  thofe  glafles  in  which  it  largely  enters,  but 
not  with  forla  or  borax.  Klaproth  has  fully 
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afcertained  this  in  his  analyfis  of  the  Chryfo- 
prafe,  c which,  from  its  giving  a blue  to  potafh 
glafs,  was  thought  to  contain  cobalt,  but  this  is 
not  the  cafe,  the  colouring  matter  being  nickel. 
Thus  i part  of  the  rough  chryfoprafe,  and  2 parts 
of  carbonat  of  potafh  fufed  into  a violet-blue 
glafs ; and  80  parts  of  filex,  60  of  carbonat  of 
potafh,  and  3 of  oxyd  of  nickel  from  the  chry- 
foprafe, alfo  gave  a violet-blue  glafs.  The  fame 
refult  was  given  by  ufing  an  oxyd  of  nickel  from 
a known  ore  of  that  metal.  Equal  parts  of  the 
chryfoprafe  and  of  carbonat  of  foda  gave  a 
tourmaline-brown  glafs  nearly  opake.  Equal 
parts  of  chryfoprafe  and  calcined  borax  gave  a 
brown  tranfparent  glafs:  and  60  parts  of  fiiex,  as 
much  borax,  and  3 parts  of  oxyd  of  nickel,  alfo 
gave  a clear  light  brown  glafs.  Silex,  phofphoric 
acid,  and  oxyd  of  nickel  in  the  fame  proportions 
gave  a honey-yellow  glafs  but  not  quite  clear. 

Of  Tungsten.  Though  this  is  not  ufed  it 
may  be  mentioned  that  with  fluxes  of  phofpho- 
ric acid  it  gives  a blue  glafs,  but  not  when 
borax  or  alkalies  are  ufed. 

Of  Chrome.  This  metal  which  is  the  natural 
colouring  matter  of  the  ruby  and  emerald,  would 
be  a moft  valuable  ingredient  for  the  artificial 
gems  if  it  could  be  procured  with  tolerable 
eafe.  It  has  been  found  to  give  a fine  red  and 
alfo  a moft  beautiful  and  exquifite  green  to 
glafles,  but  its  great  fcarcity  has  prevented  its 
frequent  ufe.  (See  Chrome .) 

Having  thus  generally  deferibed  the  colouring 
properties  of  the  feveral  metallic  oxyds,  fome 
of  the  acftual  recipes  for  the  different  coloured 
glafles  may  be  mentioned.  Thefe  we  fhall 
chiefly  give  from  M.  Fontanieu,  and  from  Neri 
and  Kunckel,  to  which  may  be  added  the  a£tual 
compofition  of  a few  of  the  beautiful  antique 
coloured  glafles,  as  found  by  the  analyfis  of 
Klaproth.  rt  With  regard  to  the  recipes  how- 
ever, it  may  be  added  that  there  appears  fuch 
enormous  difference  in  the  relative  proportions 
of  the  metallic  oxyds  to  the  fluxes  ufed,  as 
either  to  give  a fufpicion  of  extreme  inaccuracy 
or  to  fliew  that  it  muft  in  moft  cafes  be  deter- 
mined by  individual  experience. 

Of  the  Ruby  red , Purple,  Violet , Gf  c.  by  Gold. 
Little  can  be  added  here  to  what  has  been  faid 
above  under  Go/d.  The  particulars  of  the  pro- 
cefs  have  always  been  carefully  kept  fecret  by 
the  fuccefsful  artifts,  and  from  the  frequent 
failures  there  can  be  no  doubt  that  it  is  a very 
difficult  procefs  to  manage.  According  to 
Kunckel  and  others  who  have  fucceeded,  it  ap- 
pears that  the  colouring  power  of  the  purple 
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precipitate  of  Cajfus , or  the  mixed  oxyds  of  gold 
and  tin,  is  fo  great  that  one  part  will  give  a full 
rich  body  of  colour  to  from  600  to  1000  or 
more  of  glafs.  The  glafs  of  antimony  too  feems 
an  important  addition.  This  ruby  glafs  comes 
out  of  the  fire  colourlefs,  but  affumes  its  beau- 
tiful hue  as  it  cools.  It  has  been  thought  that 
the  colour  is  alfo  further  brought  out  by  ex- 
pofure  to  fmoak. 

Of  other  Reds,  Purples,  and  Violets.  Some  of 
thefe  are  compofed  of  a colourlefs  glafs  bafis, 
fuch  as  one  of  the  five  before  mentioned,  with 
manganefe  either  alone  or  with  the  purple  pre- 
cipitate of  gold,  or  more  commonly  with  the 
oxyd  of  cobalt.  The  colour  given  by  man- 
ganefe being  of  a violet  red,  the  cobalt  will  give 
it  a more  decided  purple  by  adding  its  natural 
blue.  It  is  impoflible  to  pick  out  from  the 
various  recipes  any  other  proportions  than  that 
the  oxyd  of  manganefe  will  colour  very  fully 
about  100  times  its  weight  of  glafs  when  ufed 
alone,  and  when  employed  with  cobalt,  200 
parts  of  glafs  will  be  highly  coloured  with  1 of 
manganefe,  and  (for  a purple)  about  } to  •}  of 
zaffre. 

Neri  gives  the  following  receipt  for  a glafs  to 
imitate  the  garnet,  namely,  2 oz.  of  rock  cryf- 
tal,  6 oz.  of  minium,  16  grains  of  manganefe, 
and  2 grs.  of  zaffre.  Kunckel  gives  for  a violet 
red  glafs  a common  lead-glafs  bafis  with  -j-irr 
of  manganefe,  mixed  with  nitre.  Fontanieu 
gives  for  the  imitation  of  the  amethyft,  24  oz. 
of  his  glafs,  No.  5 (as  already  deferibed),  i oz. 
of  manganefe,  and  4 grains  of  purple  precipi- 
tate of  gold,  together  with  iy  ounce  of  nitre. 
But  the  quantity  of  colouring  matter  here  is  fo 
enormous  that  the  vitreous  bafis  fhould  probably 
be  24  pounds  inftead  of  ounces. 

A fine  red  has  been  mentioned  to  be  procured 
from  the  oxyd  of  copper  (with  or  without  oxyd 
of  iron)  mixed  with  the  due  proportion  of  glafs 
and  with  carbonaceous  matter  ftirred  in.  For 
a full  deep  red  the  oxyd  of  iron  fhould  be  three 
or  four  times  as  much  as  the  copper,  and  in 
proportion  as  the  latter  predominates  the  colour- 
approaches  to  carmine.  The  glafs  at  firft  fhould 
appear  when  hot  only  of  a faint  greeniih-yel- 
low,  and,  when  in  full  fufion,  fome  tartar  is 
ftirred  in,  which  inftantly  reddens  tire  whole 
and  caufes  it  to  fwell  prodigioufly,  after  which 
it  again  fubfides  into  a clear  red  glafs,  which 
fhould  be  worked  off  without  delay.  Probably 
charcoal  would  anfwer  as  well  as  tartar. 

The  antique  red  glafs  analyzed  by  Klaproth 
muft  probably  have  been  made  in  the  fame  way, 
* Phil.  Journ.  vol.  8. 
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that  is  by  carbonizing  a glafs  containing  the 
oxyds  of  iron  and  copper.  The  colour  was  a 
lively  copper-red,  perfectly  opake  and  bright  at 
the  point  of  fracture.  The  earthy  and  metallic 
parts  of  400  grains,  as  given  by  anaiyfis,  were 


as  follows : 

Silex  -----  142 

Oxyd  of  lead  - - 28 

Oxyd  of  copper  - - 15 

Oxyd  of  iron  - - 2 

Alumine  - - - - 5 

Lime  ------  3 


*95 

It  is  obfervable  that  this  was  opake,  whereas 
the  former  mentioned  glafs  is  tranfparent. 
Klaproth  conjectures  that  this  antique  glafs 
was  made  not  by  any  intentional  proportion  or 
fele&ion  of  ingredients,  but  from  the  fcoriae  of 
fome  copper  ores. 

Of  Green  Glaffes.  For  thefe,  which  are  in- 
tended to  imitate  the  emerald  when  full-bodied, 
and-  the  aqua-marine  when  light,  there  are 
many  receipts. 

Among  others  the  following  may  be  fele&ed. 
Take  160  parts  of  any  glafs  bafis  into  which 
much  lead  enters,  as  the  glafs  No.  1,  2,  3,  or 
5,  mix  it  with  4 parts  of  the  oxyd  of  copper  made 
by  fimple  calcination,  and  T'o  of  a part  of  any 
oxyd  of  iron,  and  melt  with  a fufficient  heat. 
In  this  as  in  all  the  other  emerald  colours  a 
very  fmall  addition  of  iron  feems  highly  ufe- 
ful  to  give  fomewhat  of  a richnefs  of  tint,  and 
to  take  away  the  cold  hue  of  the  copper  alone. 
For  this  reafon  too  the  rich  yellow  of  the  lead 
is  of  fo  much  advantage. 

Another  is,  57 6 parts  of  the  glafs  bafis,  6 of 
the  fame  oxyd  of  copper,  and  only  T^T  of  oxyd 
of  iron.  Another  is,  2qo  parts  of  fine  fand, 
400  of  minium,  8 of  calcined  verdigris,  and  1 
of  oxyd  of  iron.  The  variation  in  thefe  pro- 
portions is  extreme. 

Another  method  of  compofing  the  emerald- 
green  is  by  a mixture  of  blue  and  yellow  glafs 
in  due  proportions.  The  yellow  may  be  given 
by  the  oxyd  of  antimony,  and  the  blue  by 
cobalt.  Fontanieu  gives  for  this  120  parts  of 
any  of  the  glafs  bafes,  1 of  mountain  blue,  and 
TV  of  glafs  of  antimony : or  elfe  576  parts  of 
the  glafs  No.  2,  20  of  glafs  of  antimony,  and  3 
of  oxyd  of  cobalt  (not  zafFre). 

When  the  green  has  a fenfible  mixture  of 
blue  in  the  tint  it  forms  a fine  fomewhat  cold 
colour  refembling  the  aqua-marine.  This  is 
produced  in  general  by  adding  cobalt  in  fome 


form  or  other  to  the  materials  for  the  green 
glafs.  For  this  the  following  receipts  are  given 
by  Neri,  Kunckel,  and  Fontanieu.  Melt  300 
parts  of  any  fine  cryftal  glafs  made  without 
manganefe,  add  thereto  at  intervals  6 parts  of 
calcined  copper  or  any  fimilar  preparation,  and 
| of  a part  of  zafFre,  ftir  the  glafs  well  while 
mixing,  and  then  let  them  fufie  quietly  for  fome 
hours.  No  reafons  appear  however  why  the 
whole  materials  fhouid  not  be  mixed  at  firft  as 
in  the  ufual  mode.  Another  is,  300  parts  of 
fine  foda  glafs  with  6 of  calcined  brafs,  melted 
together,  llirred  twice  at  long  intervals,  the 
heat  being  continued  a long  time,  and  finally 
fuffered  to  remain  in  quiet  fufion  for  many 
hours  before  working.  Another  is,  256  parts 
of  fine  glafs,  and  150  of  litharge  or  minium, 
firft  melted  together  and  well  mixed  (or  elfe 
any  of  the  glafs  bafes  already  mentioned  that 
contain  lead),  to  which  is  added  4 parts  of  cal- 
cined brafs  or  of  oxyd  of  copper  made  by  cal- 
cination, and  i a part  of  zafFre.  Another  re- 
ceipt for  this  colour  is  a mixture  of  yellow  and 
blue,  in  fuch  proportions  th^t  the  blue  {hall 
prevail  a little  over  the  perfedl  green,  the  natu- 
ral refult  of  the  mixture  of  blue  and  yellow. 
This  is  done  by  adding  to  24  parts  of  the  glafs 
bafis  No.  1 or  No.  3,  1^  part  of  glafs  of  anti- 
mony, and  TV  of  a part  of  oxyd  of  cobalt. 

According  to  Klaproth’s  anaiyfis  of  a portion 
of  an  antique  verdigris-green  opake  glafs,  the 
colour  was  formerly,  as  now,  given  by  copper 
and  a fmall  portion  of  iron,  the  fame  in  kind 
as  thofe  that  compofed  the  red  glafs  above  men- 
tioned, and  probably  alfo  the  oxyds  were  not 
artificially  mixed  but  were  ufed  as  contained  in 
a natural  ore.  Two  hundred  grains  of  this 
green  glafs  or  pafte  yielded 

grains 


Of  Silex  - - - - 130 

Oxyd  of  copper  - 20 

Oxyd  of  lead  - 15 

Oxyd  of  iron  - 7 

Lime  - - - - 13 

Alumine  - - - 1 1 


196 

Of  Blue  Glaffes.  Thefe  glaffes,  which  are 
intended  to  imitate  the  fapphire,  are  compofed 
of  a common  bafis  and  coloured  with  cobalt, 
but  generally  with  the  addition  of  a quantity  of 
manganefe,  which  by  adding  a violet  tint  gives 
a greater  richnefs  of  body.  When  the  manga- 
nefe is  in  large  proportion,  the  colour  then  is  a 
rich  violet  blue  or  purple  refemblirig  the  ame-. 
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thy  ft.  There  appears  no  agreement  in  the  dif- 
ferent receipts  as  to  the  relative  proportions  of 
manganefe,  only  that  the  latter  fhould  be  in 
lefs  quantity  than  the  cobalt  when  ufed  in  the 
dilute  form  of  zaftre.  Thefe  mixtures  appear 
to  be  materially  improved  by  being  twice  melted 
and  poured  into  water  and  powdered  between 
the  firft  and  fecond  fufion.  Among  the  feveral 
receipts  the  following  may  be  given,  namely,  to 
loo  parts  of  a fine  glafs,  without  lead,  add  i 
part  of  zaffre  and  T‘g-  of  a part  of  manganefe. 
Another  is  240  parts  of  glafs  frit,  made  with 
•foda  and  fand  only,  192  of  minium,  2 of  zaftre 
and  ^ of  manganefe  melted  twice  and  treated  as 
above.  Or  a very  fine  blue  glafs  may  be  made 
fimply  by  the  glafs  No.  5,  with  a neceffary  dofe 
of  oxyd  of  cobalt  or  zaffre. 

Though  blue  glaffes  cannot  be  now  made 
without  cobalt,  it  is  certain  that  iron  in  fome 
mode  of  combination  gives  this  colour  in  great 
perfection.  It  appears  to  be  the  natural  colour- 
ing matter  of  the  fapphire,  lapis  lazuli,  and  fome 
other  blue  minerals,  and  is  frequently  produced 
accidentally  in  the  fcorise  of  iron  ores.  The 
art  of  colouring  paftes  and  enamels  blue  withiron 
was  certainly  known  to  the  antients  but  is  now 
entirely  loft.  This  is  proved  by  the  analyfis  of 
•fome  of  the  antient  blue  enamels,  in  which  no 
metallic  matter  but  iron,  with  a fmall  propor- 
tion of  copper,  can  be  detected.  Whether  the 
copper  afiifts  in  the  effeCt  cannot  be  told.  Kla- 
proth analyzed  an  opake  antient  Roman  enamel, 
the  colour  of  which  was  fapphire  blue  verging 
towards  that  of  fmalt,  and  found  the  following 


ingredients.  parts 

Silex  -----  163 

Oxyd  of  iron  - - 19 

Oxyd  of  copper  - - 1 

Alumine  - - - - 3 

Lime  -----  0.5 


186.5 

Some  of  thefe  plates  of  enamel  were  coloured 
equally  throughout,  others  only  to  a certain 
depth  on  one  furface,  and  the  colour  was  given 
fo  uniformly  that  the  plate  had  the  appearance 
of  two  plates,  one  blue  and  the  other  colourlefs, 
adhering  to  each  other. 

Of  yellow  Glaffes.  The  oxyds  of  lead,  anti- 
mony, and  filver  are  thofe  which  are  ufed  to 
give  a yellow  to  imitate  the  varieties  of  the 
topaz,  or  the  yellow  diamond.  M.  Fontanieu 
gives  the  following  proportions:  24  parts  of  the 
glafs  No.  1,  or  No.  3,  and  {of  a part  of  glafs 
&f  antimony,  or  for  the  deeper  coloured  topaz,  4. 


For  the  imitation  of  the  Brazilian  Topaz  he  ad- 
vifes  192  parts  of  the  glafs  No.  2,  or  No.  3,  8 J- 
parts  of  glafs  of  antimony,  and  of  a part  of  the 
purple  precipitate  of  gold.  An  inferior  yellow 
glafs  may  be  made  by  fufing  fimply  2 parts  of 
fine  fand  or  filex  of  any  kind,  with  7 parts  of 
minium,  but  this  is  very  foft.  The  delicate  hue 
of  the  yellow  diamond  is  imitated  by  adding  to 
576  parts  of  the  glafs  No.  4,  25  parts  of  luna 
cornea,  or  ten  parts  of  glafs  of  antimony. 

A colour  varying  in  fhade  from  brown  to 
dingy  fmoke  yellow,  and  thence  to  a fine  tranf- 
parent  yellow,  is  given  to  common  glafs  fimply 
by  adding  to  it  when  in  foft  fufion,  any  vege- 
table carbonaceous  matter,  part  of  which  rifes 
to  the  top  and  is  burnt  off,  but  a part  alfo 
remains  uniformly  diffufed  through  the  glafs, 
and  gives  it  a fine  yellow  without  impairing  its 
tranlparency.  No  continuance  of  the  fire  will 
burn  out  this  yellow  colour  altogether,  after  it 
has  once  loft  its  dingy  fmoked  hue  and  acquired 
a clear  yellow.  Tartar  has  been  commonly  ufed 
for  this  purpofe,  but  almoft  any  vegetable  in- 
flammable fubftance  not  fluid,  will  probably  do 
as  well ; the  foft  charcoal  of  the  beech  anfwers 
the  fame  purpofe.  Manganefe  has  been  em- 
ployed in  the  compofition  of  this  glafs,  but  it 
appears  to  be  of  no  ufe.a  Sometimes  the  car- 
bonaceous matter  is  added  to  the  glafs  frit 
when  beginning  to  melt  in  the  glafs  pots,  at 
other  times  it  is  mixed  with  it  before  firing. 
A little  nitre  is  found  of  ufe  in  clearing  the 
colour  and  correcting  the  fmoakinefs,  but  too 
much  of  it  will  deftroy  the  colour  altogether. 
This  glafs  fwells  much  in  the  pot,  when  pre- 
paring, owing  to  the  efcape  of  part  of  the 
carbonaceous  matter,  efpecially  when  tartar  is 
employed : but  probably  with  quite  dry  and 
frefh  burnt  charcoal,  previoufly  heated  ftrongly 
in  clofe  veffels  for  about  an  hour,  no  fuch 
effect  would  take  place. 

Of  the  Artificial  Diamond.  Though  no  art 
has  ever  invented  any  vitreous  compofition 
which  can  be  miftaken  for  the  real  cut  diamond, 
by  an  eye  at  all  practifed,  (unlefs  by  particular 
artifices  in  the  letting,  which  are  eafily  detetted) 
yet  fome  artifts  can  prepare  a very  fine  brilliant 
hard  glafs  pafte,  which  poffeffes  great  beauty, 
and  a very  confiderable  ’n.ater  or  play  of  light, 
which  more  nearly  imitates  the  diamond  than 
all  the  common  artificial  gems.  It  will  be 
fufficient  here  to  add  that  M.  Fontanieu  re- 
commends his  glafs  No.  1,  for  this  pur- 
pofe. Thefe  glafles  require  a coqfiderable 
length  of  time  of  ftrong  fufion  before  they  are 
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brought  to  the  ftate  of  the  greateft  clearnefs 
and  brilliance. 

Of  Opake  Glaffes . 

The  materials  which  form  the  opake  glafles 
are  a common  vitreous  bafis,  as  for  the  coloured 
glafles,  and  either  an  exceflive  dole  of  colouring 
metallic  oxyd  which  fhall  give  fuch  a depth  and 
body  of  colour  as  to  produce  opacity,  or  a 
fubftance  which  of  itfelf  gives  an  opake  white- 
nefs,  to  which  any  colour  may  be  afterwards 
added  if  required.  In  general  it  is  only  the 
black  glafles  which  are  made  opake  by  mere 
quantity  of  the  fame  colour  which,  in  fmaller 
proportion,  'Would  be  tranfparent  ; and  the 
white  glafles  are  made  with  a glafs  rendered 
opake  by  fome  addition  which  in  any  propor- 
tion impairs  the  tranfparency ; and  the  blue, 
green,  yellow,  and  other  coloured  opake  glafles 
have  the  white  glafs  for  a bafis,  and  are  colour- 
ed in  the  fame  way  as  the  tranfparent  glafles. 

White  Glafs.  The  fineft  white  glafs  is  a 
vitreous  bafe  made  opake  by  the  oxyd  of  tin, 
and  is  then  cabled  Enamel , (which  fee). 

But  a very  good  white  may  be  made  at  lefs 
expence  by  fubftituting  for  the  oxyd  of  tin  a 
pretty  large  quantity  of  bone-afli  or  phofphat  of 
lime  in  very  fine  powder.  It  appears  to  be 
owing  chiefly  to  the  extreme  infu Ability  of  this 
earthy  fait  that  the  opacity  is  produced,  fo  that 
in  fact  the  glafs  thus  made  is  a common  vi- 
trefcent  compound  holding  in  intimate  mixture 
a quantity  of  unvitrefcible  earth. 

Neri’s  receipts  for  white  glafs  are  the  follow- 
ing : mix  together  60  parts  of  white  fand,  40 
of  potafh,  and  10  of  finely  powdered  bone-afh, 
and  melt  for  the  ufual  time  of  glafs-making. 
The  refult  is  a glafs  which  when  fully  red-hot 
is  tranfparent,  but  becomes  milky  and  opake  as 
loon  as  it  cools.  It  does  not  appear  certain 
whether  this  change  is  chiefly  owing  to  a de- 
ception of  fight  which  does  not  allow  the  degree 
of  opacity  to  be  diftinguifhed  when  red  hot,  or 
whether  the  glafs  really  becomes  opake  only 
when  it  cools,  and  then  depofits  the  bone-afh 
by  the  effe£I  of  a kind  of  fuperfaturation  by  heat. 

Another  receipt  is,  130  parts  of  fand  or 
calcined  flint,  70  of  nitre,  12  of  borax,  12  of 
tartar,  5 of  arfenic,  and  15  of  bone-afh. 

An  imitation  of  the  opal  is  made  according 
to  Fontanieu  by  mixing  576  parts  of  the  glafs 
Eo.  3,  10  of  luna  cornea,  2 of  magnetic  iron 
ore,  and  26  of  bone-afh. 

Black  Glafs.  It  is  not  eafy  to  make  a very 
full-bodied,  perfe&ly  opake,  fine  black  glafs. 
This  is  commonly  made  by  manganefe,  and 
it  has  been  found  that  one  part  of  this  oxyd 

a Brochant. 


will  give  a full  body  of  opake  black  to  about 
20  of  glafs.  A finer  black  ufed  chiefly  by  the  e- 
namellers  is  made  (as  appears)  by  mixing  together 
equal  parts  of  manganefe,  zaffre,  and  fcales  of 
iron,  and  fufing  one  part  of  this  mixed  powder 
with  15  or  twenty  of  any  kind  of  glafs. 

For  the  other  opake  coloured  glafles  no  more 
need  be  added  than  that  they  may  be  made  in 
the  fame  way  as  the  tranfparent  coloured  glafles, 
fubftituting  the  opake  white  glafs  for  the  com- 
mon vitreous  bafe.,  Thefe  however  are  not 
much  ufed  in  mafs,  or  for  any  of  the  common 
ufeful  or  ornamental  purpofes  to  which  the 
tranfparent  glafles  are  applied.  The  opake 
coloured  enamels  are  compofed  on  the  fame 
general  principles,  the  bafe  being  the  white 
enamel  made  with  the  oxyd  of  tin. 

GLASS  OF  BORAX  is  borax  calcined  tilt 
it  lofes  its  water  of  cryftallization  and  flows 
into  a very  thin  limpid  glafs.  A moderate  red 
heat  is  fufficient  for  the  purpofe.  This  be- 
comes flightly  opake  by  expofure  to  the  air,  in 
confequence  of  an  incipient  efflorefcence. 

GLASS-GALL,  or  Sandiver,  is  the  feum  of 
the  glafs-pots  which  arifes  during  the  vitrifica- 
tion of  the  frit.  See  Glass. 

GLASSES  (Metallic),  are  the  o.xyds,  or 
fometimes  the  fulphuretted  oxyds  of  the  different 
metals  vitrified  by  heat.  Thole  of  lead  and 
antimony  are  the  moft  familiar  to  Chemifts. 
(S  ee  the  refpeElive  metals.) 

GLAS  SCHORL.  See  Thumerstein. 

GLAUBER’S  SALT.  See  Sulphat  of 
Soda. 

GLAUBER’S  SALT,1  native.  Naturliches 
Glauberfalzy  Germ. 

Its  colour  is  grevifh  or  yellowilh-white.  It 
occurs  generally  efflorefeent  or  incrufting,  rare- 
ly ftala&itical,  and  fometimes  in  minute  acicular 
or  middle-fized  prifmatic  cryftals.  Internally 
the  cryftals  are  fhining,  with  a vitreous  luftre, 
but  by  a Ihort  expofure  to  the  air  they  become 
dull  and  efflorefeent.  Its  frafture  when  cryf- 
tallized  is  conchoidal,  when  amorphous  is  earthy. 
It  varies  from  tranfparent  to  opake,  according 
as  it  is  more  or  lefs  in  a ftate  of  efflorefcence. 
It  is  brittle  and  eafily  frangible,  has  a bitter 
faline  tafte,  and  is  readily  foluble  in  water. 
It  gives  a copious  precipitate  with  barytic  falts, 
but  is  not  altered  by  carbonated  potafh.  When 
fully  faturated  with  water  of  cryftallization  it 
contains  according  to  Bergman, 

Sulphuric  acid  27 
Soda  - - - 1 5 

Water  - - _ 58 
xoo 

Jamefon. 
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The  native  Glauber’s  fait  however,  efpecially 
when  efflorefcent,  contains  befides  pure  fulphat 
of  foda,  fome  oxyd  of  iron,  accidental  earthy 
impurities,  and  more  or  lefs  of  muriat  and 
carbonat  of  foda.  It  is  met  with  in  old  fait- 
rnines,  on  the  borders  of  lalt-lakes  in  Hungary, 
Tartary,  and  Egypt,  and  on  the  furface  of  cer- 
tain peat  molTes  efpecially  in  the  north  of  France. 
It  is  contained  in  folution  in  the  Natron-lakes 
of  Egypt,  and  the  mineral  fprings  of  Car'ifbad.b 
GLIMMER.  See  Mica. 
GLIMMERSCHIEFER.  See  Micaceous 

SCHISTUS. 

GLUE.  See  Gelatin. 

GLUTEN,  (Animal.)  See  Fibrin,  and 
Blood. 

GLUTEN,  vegetable.  A fubftance  very  clofe- 
ly  refembling  animal  gluten  in  all  the  effential 
chemical  properties,  is  found  in  feveral  vege- 
tables, and  hence  it  has  received  the  name  of 
vegetable  gluten. 

Wheat  flour  was  firft  found  by  Beccari  to 
contain  it  in  confiderable  quantity,  and  it  is 
from  this  fource  that  it  is  ufually  obtained  for 
experiment  by  the  following  Ample  and  eafy 
procefs. 

Moiften  any  quantity  of  wheat  flour  with  a 
little  water,  and  knead  it  with  the  hand  into  a 
tough  dudfile  pafte,  then  let  a very  {lender 
ftream  of  water  keep  dropping  on  the  pafte 
while  it  is  inceffantly  worked  about  with  the 
hands,  and  the  water  will  run  ofF  white  and 
turbid,  owing  to  the  fecula  or  ftarch  which  it 
carries  off.  The  pafte  in  the  mean  time  gra- 
dually becomes  more  of  a grey  and  almoft  femi- 
tranfparent  appearance,  and  when  the  water 
runs  off  quite  clear,  nothing  is  left  in  the  hands 
but  pure  gluten.  No  other  precaution  is  re- 
quired in  this  preparation  but  that  of  not  drench- 
ing the  flour  at  flrft  with  water,  but  only  uflng 
a very  fmall  quantity  with  much  kneading,  that 
the  gluten  may  not  be  carried  off  along  with 
the  ftarch.  Good  wheat  flour  will  yield  in  this 
way  about  a fourth  of  its  weight  of  gluten,  and 
no  other  flour  but  that  of  wheat  will  yield  it 
except  in  a very  fmall  proportion,  and  hence 
probably  the  peculiar  property  of  wheat  flour  to 
make  bread  without  any  other  addition  than  a 
ferment.  See  the  article  Bread. 

Gluten  thus  prepared  is  foft,  extremely  tena- 
cious and  elaftic,  fo  as  to  bear  being  extended 
confiderably  without  pulling  in  pieces,  and  re- 
turning to  its  former  dimenflons.  It  is  alfo 
conflderably  adheflve,  readily  flicking  to  the 
fingers.  Its  colour  is  a dirty  grey,  and  it  has  a 
* Klapr.  aualy.  Efs.  I.  p.  296.  II  p, 


faint  and  peculiar  fmell.  It  readily  dries  into  a 
brittle  femitranfparent  fubftance,  which  looks 
not  unlike  glue,  and  in  drying,  it  ftrongly 
adheres  to  the  fubftance  on  which  it  refts:  fo 
that  advantage  is  taken  of  this  property  to 
cement  together  broken  pieces  of  china  and 
other  rough  furfaces. 

Gluten  is  abfolutely  infoluble  in  -water,  though 
it  muft  owe  its  adheflvenefs  and  dudlility  to  the 
water  which  it  abforbs  when  the  flour  is  flrft 
wetted.  Boiled  with  water  it  only  becomes 
denfer,  and  lefes  part  of  its  adheflvenefs.  All 
the  acids,  vegetable  as  well  as  mineral,  the  latter 
being  diluted,  diffolve  it  without  difficulty,  form- 
ing a clear  folution,  from  which  it  is  again 
feparated  by  alkalies.  Strong  fulphuric  acid 
blackens  and  carbonizes  it,  and  difengages  from 
it  an  inflammable  gas,  and  converts  it  partly 
to  acetous  acid,  partly  to  ammonia.  Concen- 
trated nitric  acid  when  cold  difengages  azotic 
gas  from  it,  when  hot  it  converts  it  chiefly  into 
malic  and  oxalic  acids  with  evolution  of  much 
nitrous  gas  and  ammonia.  a 

The  alkalies  alfo  diflolve  gluten  with  eafe. 

When  gradually  heated  without  addition,  it 
dries  thoroughly,  then  {brinks  and  coils  up  like 
moft  other  of  the  foft  animal  fubftances,  then 
melts  and  takes  fire,  burning  with  the  fetid 
odour  of  animal  matter. 

In  dole  veffels  it  yields  fome  ammoniacal 
water,  and  a very  brown  fetid  thick  oil  in 
abundance,  together  with  cryftallized  carbonat 
of  ammonia  and  carburetted  hydrogen. 

In  fliort,  it  exhibits  to  chemical  analyfis  all 
the  properties  of  animal  matter. 

Gluten,  when  dry  and  kept  fo,  remains  un- 
altered for  any  length  of  time,  but  if  kept 
conftantly  moift  in  the  ftate  in  which  it  -was 
firft  procured,  it  flowly  alters,  lofes  much  of 
its  tenacity,  becomes  fetid  and  covered  with  a 
thick  white  down,  and  falls  into  putrefadlion. 
This  procefs  however  is  flow,  and  at  the  fame 
time  a four  fmell  is  perceivable,  and  an  acid  is 
generated  which  probably  corrects  and  retards 
the  proper  putrefaftion.  In  this  circumftance 
it  is  that  it  chiefly  differs  from  animal  gluten. 

M.  Cadet1  has  found  that  gluten  after  being 
kept  for  many  days  moift  and  mouldy  is  partially 
foluble  in  alcohol.  Some  of  this  gluten  was  rub- 
bed up  with  alcohol  and  paffed  to  the  ftate  of  a 
thick  turbid  fyrup  j on  adding  more  of  the  fpirit 
much  of  the  gluten  feparated  in  its  original  form, 
but  a part  remained  in  perfedt  folution.  This 
latter  being  diluted  with  water  immediately 
became  milky,  and  let  fall  a copious  white  pre- 

Co.  * An.  Chirn.  tom.  4*1. 
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cipitate  which  appeared  like  a fecula,  but  was 
gluten  in  intimate  divifion.  Another  part  of  the 
alcoholic  folution  being  gently  evaporated  left 
behind  a dry,  brittle,  yellowilh,  glofly  gluten, 
appearing  like  a varnifli,  and  which  the  author 
of  the  experiment  propofes  to  be  ufed  for  this 
purpofe,  either  by  ilfelf,  or  as  a vehicle  for 
colours  of  different  kinds.  • 

Gluten  is  contained  in  fmall  quantity  in  feve- 
ral  vegetable  juices  and  other  parts,  and  may  be 
feparated  from  them  with  care:  though  in  none 
is  it  fo  abundant  as  in  wheat  flour.  Bird-lime, 
a finguiar  fubftance  extracted  from  the  bark  of 
the  holly  and  alfo  from  the  mifletoe,  is  fuppofed 
to  be  chiefly  gluten,  and  the  green  fecula  of 
plants  alfo  appears  to  be  compofed  very  largely 
of  this  fubftance,  as  mentioned  under  that  ar- 
ticle. 

GLYCINE.  Glucitie.  Fr.  The  difcovery 
of  this  earth  is  due  to  Vauquelin,1  who  firft 
found  it  in  the  beryl  and  afterwards  in  the 
emerald:  the  exiflence  of  a new  earth  in  thefe 
minerals  has  fince  been  confirmed  by  the  re- 
fearches  of  Klaprothb,  fo  that  the  exiftence  of 
glycine  as  a peculiar  earth  may  be  confidered 
as  eftabliihed  very  fatisfadborily.  Its  name  is 
derived  from  the  greek  y\vxvt  (fweet)  on  account 
of  the  remarkably  faccharine  tafle  by  which  its 
falts  are  diltinguifhed.  This  however  although 
a ftriking  character  at  the  time  when  the  earth 
was  firft  difcovc'ed  has  fince  ceafed  to  be  a 
fpecific  diftin&ion  as  it  is  poflefled  both  by 
glycine  and  the  ftill  more  recently  difcovered 
earth  called  Yttria,  (fee  p.  455-) 

In  order  to  procure  glycine  in  a perfeftly 
pure  (late,  take  any  quantity  of  beryl  or  emerald, 
and  having  reduced  it  to  very  fine  powder,  mix 
it  with  about  three  times  its  weight  of  cauftic 
potafii  in  a liquid  form,  and  digeft  it  to  drynefs 
in  a filver  crucible,  after  which  let  it  be  mode- 
rately ignited  for  about  half  an  hour : the  re- 
fulting  mafs  will  be  found  to  be  entirely  foluble 
in  a flight  exccfs  of  muriatic  acid,  and  the 
folution  after  being  evaporated  to  drynefs  and 
then  difFufed  in  water,  will  depofit  nearlv  the 
whole  of  the  flex.  The  muriatic  folution  is 
now  to  be  fuperfaturated  with  cauftic  potaflh  or 
foda  and  boiled,  by  which  the  oxyd  of  iron  and 
of  chrome,  if  any  is  prefent,  will  be  feparated. 
The  clear  liquor  being  again  fuperfaturated  with 
muriatic  acid  and  afterwards  mixed  at  a boiling 
temperature  with  carbonat  of  foda,  depofits  the 
whole  of  its  earthy  contents  in  the  form  of  a 
white  foft  precipitate:  this  when  well  wafhed 
in  water,  is  to  be  diflolved  in  fulphuric  acid, 

* An,  cb  Chim.  xxvi,  p.  17c. 


and  the  folution  being  transferred  to  a ground 
ftoppered  bottle  is  to  be  confiderably  fuperfatu- 
rated with  carbonat  of  ammonia : both  the 
alumine  and  glycine  will  be  at  firft  precipitated, 
but  this  laft,  by  the  afliftance  of  occafional 
agitation  will  be  rediilolved  in  the  courfe  of  a 
few  hours.  The  clear  liquor  being  poured  off, 
the  earthy  refidue  is  to  be  again  diflolved  in 
fulphuric  acid,  and  fulphat  of  potafii  being 
added,  a copious  depofit  of  cryftals  of  alum  will 
take  place : the  mother  liquor  and  wafiiings  of 
the  cryftals  being  again  treated  with  a large 
excefs  of  carbonated  ammonia,  the  remaining 
portions  of  glycine  will  be  extracted,  and  the 
two  ammoniacal  folutions  are  to  be  added  to- 
gether. This  fluid  when  boiled  in  a retort  will 
depofit  the  whole  of  the  glycine  in  the  ftate  of 
a white  powder,  and  combined  with  carbonic 
acid : after  being  wafhed  and  dried  it  muft  be 
ignited,  by  which  it  will  lofe  carbonic  acid  and 
moifture  to  the  amount  of  about  half  its  weight, 
and  the  refidue  is  pure  glycine. 

Glycine  is  a white  powder,  foft  and  fome- 
what  undluous  to  the  touch,  adheres  ftrongly 
to  the  tongue,  is  infipid  and  inodorous.  It  pro- 
duces no  change  on  vegetable  colours,  and 
therefore  does  not  belong  to  the  clafs  of  alkaline 
earths.  It  does  not  contrail  in  its  dimenfions 
by  heat,  nor  is  it  fufible : but  with  the  afliftance 
of  borax  it  runs  into  a clear  tranfparent  glafs. 
Its  fp.  gr.  is  2.96.  It  is  not  foluble  in  water, 
but  when  moiftened  with  this  fluid  it  forms  a 
fomewhat  duilile  pafte.  It  combines  with  ful- 
phuretted  hydrogen  through  the  medium  of 
water.  It  is  foluble  in  the  liquid  fixed  alkalies, 
refembling  in  this  refpeil  alumine.  It  is  info- 
luble  in  ammonia,  but  difiolves  readily  in  car- 
bonated ammonia  as  yttria  does,  except  that  this 
latter  requires  for  its  folution  five  times  as 
much  of  this  menftruum  as  glycine  does. 

It  unites  with  the  acids  forming  faline  com- 
pounds, all  the  foluble  ones  of  which  have  a 
remarkably  fweet  fubaftringent  tnfte. 

Carbonat  of  Glycine  may  be  prepared  either  by 
precipitating  fulphat  of  glycine  by  either  of  the 
carbonated  fixed  alkalies,  or  fimply  by  heating 
the  folution  of  glycine  in  carbonated  ammonia : 
a white  impalpable  powder  falls  down,  which 
is  carbonat  of  glycine. 

This  fait  according  to  Klaproth  confifts  of 
Glycine  - - - - - 53 
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It  is  decompofable  by"a  low  red  heat,  the  acid 
and  moifture  being  driven  off : it  is  alio  decom- 
pofable with  effervefcerice  by  the  other  acids. 

Phofphat  of  Glycine  is  obtained  by  adding 
phofphat  of  foda,  to  fulphat,  nitrat,  or  muriat 
of  glycine  : a white  pulverulent  precipitate  falls 
down,  which  is  the  fait  in  queftion.  When 
perfedlly  neutralized  it  is  uncry  ftaUizable,  in- 
soluble in  water,  and  infipid : at  a high  heat  it 
melts  into  a tranfparent  glafs : when  the  acid  is 
in  excefs  it  is  foluble  in  water.  It  is  decom- 
pofable by  the  alkaline  carbonat  and  alkaline 
earths,  except  carbonat  of  magnefia,  and  by  the 
fulphat,  nitrat,  and  muriat  .of  alumine. 

Sulphat  of  Glycine  is  procured  by  adding  either 
pure  or  carbonated  glycine  to  Sulphuric  acid  till 
this  lafl  is  perfectly  Saturated:  by  Spontaneous 
cryftallization,  fulphat  of  glycine  is  depofited  in 
octohedrons  compofed  of  two  oblique  four-fided 
pyramids  joined  bafe  to  bafe,  with  the  edges  and 
Solid  angles  truncated.  The  tafte  of  this  fait 
is  very  fweet,  and  fomewhat  aflringent : it  is 
readily  foluble  in  water,  and  tindlure  of  galls 
added  to  the  Solution  occafions  a yellowiih  white 
precipitate.  The  folid  fait  when  heated  dif- 
Solves  in  its  water  of  cryftallization,  and  after- 
wards becomes  pulverulent:  at  a red  heat  the 
acid  is  entirely  driven  off,  the  pure  earth  being 
left  behind. 

If  a little  fulphat  of  potafli  is  added  to  a 
Solution  of  fulphated  glycine,  and  the  liquor  is 
flowly  evaporated,  a quantity  of  fmall  cryftalline 
grains  are  depofited  which  are  readily  foluble  in 
leven  or  eight  times  their  weight  of  cold  water. 
If  carbonated  glycine  is  digefted  in  a Solution  of 
common  alum,  the  glycine  is  taken  up  and  the 
alumine  entirely  precipitated. 

Nitrat  of  Glycine  is  prepared  in  the  fame 
manner  as  the  preceding  fait,  by  fubftituting 
the  nitric  for  the  fulphuric  acid.  Its  tafte  is 
fweet  and  aftringent,  it  is  Strongly  deliquefcent, 
and  when  evaporated  affumes  the  confiftence  of 
honey,  but  does  not  cryftallize : like  the  pre- 
ceding falts  it  is  decompofable  by  a red  heat  the 
acid  being  evaporated.  With  tindlure  of  galls 
it  gives  a yellowifh  brown  precipitate. 

Muriat  of  Glycine  both  in  the  mode  of  its 
preparation  and  in  its  general  characters  bears  a 
clofe  refemblance  to  the  preceding,  it  is  how- 
ever capable  of  being  cryftallized,  which  is  not 
the  cafe  with  nitrat  of  glycine. 

Neither  the  pure  earth  nor  any  of  its  falts 
have  been  applied  to  any  ufe. 

GNEISS.*  Gneifs  is  effentially  an  aggregate 
of  quartz,  felfpar  and  mica : of  thefe  fubftances 

* Lenz. 


the  latter  is  in  the  form  of  extremely  thin  plate3, 
all  of  which  are  arranged  in  the  fame  direction 
and  parallel  to  the  general  inclination  of  the 
ftratum.  In  its  compofition,  gneifs  is  the  fame 
as  granite,  but  differs  in  the  arrangement  of  its 
parts,  efpecially  of  the  mica,  which  in  granite 
is  difperfed  throughout  its  fubftance  in  every 
direction  j gneifs  has  a flaty  texture  and  fplits 
readily  in  the  diredtion  of  the  mica,  hence  from 
its  longitudinal  fracture  it  would  be  fuppofed  to 
confift  almoft  wholly  of  this  fubftance,  while 
from  its  crofs  fradture  it  feems  made  up  of 
quartz  and  felfpar  interrupted  by  very  narrow 
lines  of  mica. 

There  are  three  varieties  of  gneifs.  In  the 
firft  each  ingredient  forms  a diftindt  ftratum 
irregularly  alternating  with  the  others  and  re- 
prefenting  on  its  crofs  fradture  parallel  bands  of 
quartz,  felfpar,  and  mica,  either  even  or  un- 
dulating. This  variety  forms  the  connedting 
link  between  granite  and  common  gneifs,  the 
undulatingly  banded,  paffing  immediately  into 
the  latter,  and  the  even  banded,  which  may 
without  impropriety  be  named  banded  granite, 
granite  veine  of  Saujfure , into  the  former.  The 
fecond  variety  is  common  gneifs:  in  this  the 
ingredients  are  more  mingled  than  in  the  pre- 
ceding, and  its  fradture  is  coarfely  flaty.  When 
the  component  parts  are  ftill  more  intimately 
mixed,  the  mafs  belongs  to  the  third  variety  or 
foliated  gneifs : the  fradture  of  this  is  fine  flaty 
paffing  into  foliated,  and  the  mica  feems  to 
prevail,  if  not  in  quantity  at  leaft  in  efficacy 
over  the  quartz  and  felfpar,  the  charadters  'of 
which  are  obfcured  by  thofe  of  the  mica:  when 
the  mica  is  very  predominant,  the  rock  paffes 
into  micaceous  fchiftus. 

The  quartz  in  gneifs  is  generally  of  a whitifli 
or  fmoak  grey  colour,  and  it  is  either  opake  or 
flightly  tranfparent.  The  felfpar  in  thofe  fpe- 
cirnens  that  pafs  into  granite  is  moftly  flefh-red, 
in  the  others  it  is  greyifh  or  yellowifh  white. 
The  mica  is  filvery  white  or  tombac  brown 
verging  upon  black.  It  fometimes  though  rare- 
ly happens  that  the  felfpar  is  in  a ftate  of  de- 
compofition  approaching  to  porcelain  clay, 
whence  fome  authors  have  mentioned  indurated 
clay  as  a component  part  of  gneifs. 

Among  the  fubftances  accidentally  inclofed 
ip  gneifs  may  be  reckoned  garnet,  which  very 
frequently,  and  fchorl  which  very  rarely  occurs, 
alfo  fragments  of  granite,  hornblende,  and  oc- 
cafionally  fteatite.  Gneifs  is  one  of  the  primi- 
tive rocks,  and  in  its  formation  is  confidered  as 
immediately  pofterior  to  granite,  as  it  is  ufually 
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found  to  reft  upon  this:  it  is  diftiiictly  ftratified, 
and  between  the  ftrata  are  fometimes  inter- 
pofed  beds  ot  granular  limeftone,  hornblende 
flate,  common  aclynolite,  quartz,  and  rarely 
porphyry.  This  rock  is  remarkably  rich  in 
metallic  ores  both  in  ftrata  and  veins:  it  con- 
tains gold,  native  filver,  red  and  white  filver 
ore,  tin  ftone,  galena,  martial,  arfenical,  and 
copper  pyrites,  blende,  arfenical  cobalt,  & c. 
accompanied  by  brown  fpar,  heavy  fpar,  fluor 
fpar,  calcareous  fpar,  quartz,  clay  porphyry, 
wackke,  hornftone  and  jafper.  Moft  of  the 
Saxon  and  Bohemian  mines  are  in  gneifs,  as  aifo 
are  the  filver  mines  of  Kongfberg  in  Norway. 

Gneifs  although  a common  rock,  is  by  no 
means  of  fo  frequent  occurrence  as  granite. 

GOLD.  Gold , Germ.  Aurum , Lat.  Or, 
Fr.  Sol,  Alchem. 

Gold  is  a metallic  fubftance  of  a pure  yellow 
colour,  remarkably  duftile  and  malleable,  of 
great  fpecific  gravity,  and  nearly  as  foft  as  tin. 
In  fufibility  it  ranks  between  filver  and  copper  j 
it  is  not  oxydable  by  fufion  in  atmofpheric  air  ; 
nor  is  it  a£ted  on  by  any  of  the  acids  except  the 
oxymuriatic  and  nitro-muriatic  (aqua-regia.) 

§ I . Ores  of  Gold.  a 

Gold  is  found  only  in  one  ftate,  namely,  the 
reguline,  but  is  hardly  ever  pure,  being  alloyed 
more  or  lefs  by  filver,  copper,  tellurium,  and 
a few  other  metals.  When  alloyed  with  filver 
or  copper,  or  with  both,  it  preferves  its  dudfility, 
and  is  reckoned  as  native  gold  •,  when  combined 
with  tellurium  it  entirely  lofes  its  difcriminative 
external  characters,  and  in  this-  ftate  is  generally 
clafled  among  the  ores  of  tellurium.  For  the 
convenience  however  of  the  reader,  we  {hall 
'defcribe  this  latter  fubftance  both  here  and 
when  we  come  to  treat  of  tellurium,  trufting 
that  a little  repetition  will  be  excufed  on  this 
account. 

i Sp.  Native  Gold.  Gediegen  Gold.  Wern. 
Or  Natif.  Broch.  and  Hauy. 

Its  colour  when  pure  or  nearly  fo,  is  a bright, 
fomewhat  orange  yellow ; in  proportion  as  it  is 
alloyed  with  filver  it  inclines  to  a palebrafs  yel- 
low ; when  combined  as  is  fuppofed  with  platina, 
it  pafles  from  brafs-yellow  to  fteel-grey.  It  occurs 
in  detached  lumps  and  grains,  diffeminated,  fu- 
perficial,  reticulated,  dendritical,  capillary,  cel- 
lular and  fcaly,  as  a fnuff-coloured  powder,  and 
fometimes,  though  rarely,  cryftallized  in  fmall 
cubes,  regular  oftohedrons  and  rhomboidal 
dodecahedrons.  The  cryftals  are  for  the  moft 
part  minute  and  very  irregular.  The  furface 
of  the  cryftals  is  fmooth  and  brilliant ; of  the 


other  varieties  the  luftre  is  faintly  fhining  and 
glimmering  ; when  cut  with  a knife  it  difplays 
a bright  and  perfectly  metallic  luftre.  Its 
fracture  is  hackly.  It  is  very  foft,  perfectly 
duCtile  and  flexible,  but  not  elaftic.  Its  fpecific 
gravity  varies  according  to  its  purity  from  about 
17.  to  19. 

Before  the  blow-pipe  it  runs  into  a globule 
without  emitting  any  vapour. 

Native  gold  is  rather  a rare  mineral,  and  is 
by  no  means  the  principal  fource  of  this  valu- 
able metal.  It  occurs  in  veins  or  difperfed 
through  the  fubftance  of  primitive  mountains, 
efpecially  argillaceous  fchiftus,  and  clay  por- 
phyry, and  is  accompanied  by  quartz,  felfpar, 
calcareous  and  heavy  fpars,  pyrites,  red  and 
vitreous  filver  ore,  galena,  &c.  The  richeft 
mines  of  native  gold  are  found  in  Brazil,  Peru, 
and  Mexico  •,  fome  of  the  African,  Sumatran,, 
and  Japanefe  gold,  is  alfo  procured  from  a firm- 
lar  fource ; the  mine  of  Berefof  in  the  Uralian 
mountains,  and  fome  of  the  Hungarian  and 
Tranfylvanian  mines  likewife  yield  native  gold, 
though  in  fmall  quantities. 

But  by  far  the  largeft  proportion  of  native 
gold  is  found  accidentally  difperfed  through 
certain  alluvial  ftrata.  That  this  is  not  its  natu- 
ral fituation  is  manifeft  from  its  occurring  here- 
only  in  rounded  and  flattened  mafl'es,  from  mi- 
crofcopical  fpangles  to  pieces  three  or  four 
pounds  in  weight,  all  of  which  exhibit  decidedly 
the  effefts  of  fri&ion.  It  is  from  the  fands  of 
certain  rivers  that  this  ftream  gold  as  it  may  be 
called,  has  been  chiefly  procured  and  it  was 
naturally  thought  that  its  original  bed  was  at 
the  mountainous  fources  of  thefe  ftreams, 
whence  it  was  detached  by  the  force  of  the 
torrents,  and  depofited  in  the  lower  and  quieter 
part  of  the  river.  In  fome  inftances  this  is 
no  doubt  the  cafe,  but  in  moft  others  the  tranf- 
portation  of  the  gold  appears  to  have  taken 
place  at  a period  anterior  to  the  formation  of 
our  prefent  rivers.  Where  gold  is  found  in  the 
bed  of  an  adlual  torrent  at  no  great  diftance 
from  its  fource  and  in  a mountainous  country 
where  too  the  gold  is  confined  within  the  pre- 
fent or  probable  former  boundaries  of  the  ftream 
(as  is  particularly  the  cafe  with  that  recently 
found  near  Cronebane  in  the  County  of  Wick- 
low in  Ireland)  it  rnay  be  confidered  as  indi- 
cating the  prefence  of  gold,  either  difperfed  or 
in  a regular  mine  in  the  adjoining  rocks.  But 
on  the  other  hand,  when  gold  is  found  in  the 
bed  of  a river  at  a confiderable  diftance  from 
its  fource-,  if  the  furrounding  country  is  plain- 
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-or  nearly  fo ; if  the  auriferous  fand  forms  a 
ftratum  extending  to  a confiderable  dlftance 
beyond  the  river ; then  it  is  probable  that  the 
river  has  merely  cut  through  a previous  alluvial 
ftratum  holding  gold,  and.  that  to  endeavour 
to  find  the  mine  whence  this  metal  originated 
by  fearching  the  rocks  towards  the  fource  of 
the  ftream,  is  mere  lofs  of  time. 

A confiderable  portion  of  the  ftream  gold 
feems  to  have  been  contained  in  auriferous  py- 
rites, for  almoft  all  the  fands  from  which  this 
metal  is  extradfed  are  highly  ferruginous,  and 
of  a deep  blackilh-brown  colour  : the  gold  itfelf 
is  moftly  of  a pale  yellow,  and  is  confiderably 
alloyed  with  filver.  The  Peruvian,  Mexican, 
and  Brazilian  rivers,  are  many  of  them  ex- 
tremely rich  in  gold,  as  are  likewife  feveral  of 
the  ftreams  on  the  Weftern  coaft  of  Africa  : 
in  Europe,  the  Danube,  the  Rhine  and  the 
Rhone,  afford  fmall  quantities  of  this  metal,  and 
from  feveral  other  of  the  leffer  rivers  it  has 
been  extradled  rather  for  curiofity  than  profit : 
the  ftreams  of  Hungary  and  Tranfylvania,  under 
the  patient  management  of  the  Zigeuners  or 
Gipfeys,  yield  a greater  quantity  of  gold  than 
the  reft  of  the  European  rivers,  yet  hardly 
fuffieient  to  afford  a very  fcanty  maintenance 
to  the  labourers.  b Of  the  alluvial  ftrata  yield- 
ing gold,  none  has  ever  been  found  comparable 
in  richnefs  to  the  plain  of  Cineguilla  in  the 
province  of  Sonora,  on  the  Eaftern  fhore  of  the 
Californian  gulf:  this  plain  is  about  fourteen 
leagues  in  extent,  and  contains  large  lumps  of 
gold  irregularly  difperfed  through  it  at  the 
depth  of  about  14  inches. 

Sp.  2.  Graphic  Gold.  Schrifterz.  Wern. 
Silvane  graphiqtie ■ Broch.  durum  graphicum. 
White  Gold  Ore  of  Offenbanya.  of  the  older  mine- 
ralogifts. 

Its  colour  is  tin-white  with  a {hade  of  brafs- 
yellow : it  occurs  cryftallized  in  fmall  flattened 
prifms  with  four  or  fix  Tides,  and  terminated  by 
tetrahedral  pyramids ; the  cryftals  are  difpofed 
in  rows,  and  either  parallel  or  at  right  angles  to 
each  ether,  giving  the  whole  a fort  of  refem- 
blance  to  writing  (whence  the  name  of  this 
mineral).  The  cryftals  are  fmooth,  and  exhibit 
a bright  metallic  luftre : the  fradfiure  is  fine- 
grained uneven.  It  is  feft,  brittle,  may  eafily 
be  cut  with  a knife.  Sp.  gr.  5.7. 

When  expofed  to  the  blow-pipe  it  burns  with 
a green  flame,  and  a copious  fomewhat  acrid 
vapour,  leaving  behind  a malleable  metallic 
globule.  According  to  the  analyfis  of  Klap- 
,xoth',  it  confifts  cf 


Tellurium 

- 60 

Gold  - 

- 3° 

Silver  - 

- 10 

100 

It  has  hitherto  been  found  only  at  Offen- 
banya  in  Tranfylvania,  in  thin  layers,  upon  grey 
quartz,  in  clay  porphyry,  and  is  accompanied 
by  iron-pyrites,  grey-copper,  blende,  and  occa- 
fionally  native  gold. 

Sp.  3.  White  Gold  Ore.  Weifs  Silvanerz. 
Wern.  Silvane  blanc.  Broch.  Yellow  Gold 
Ore  of  Nagy-ag. 

Its  colour  is  filver-white  paffmg  into  brafs- 
yellow : it  occurs  diffeminated,  and  in  fmall 
imbedded  prifmatic  cryftals.  Externally  it  has 
a bright  Ihining  metallic  luftre.  Its  longitudi- 
nal fradture  is  foliated,  the  crofs  fradlure  is 
fmail-grained  uneven.  It  is  foft  and  fomewhat 
dudfile.  Sp.  gr.  10.6. 

It  confifts  according  to  Klaproth  of 


Tellurium  - 

44-75 

Gold  - - 

26.75 

Lead  - - 

19- 5 

Silver  - - 

8.5 

Sulphur 

o-5 

100.00 

It  has  hitherto  been  found  only  at  Nagy-ag 
in  Tranfylvania,  where  it  occurs  in  a gangue  of 
quartz  and  brown  fpar,  accompanied  by  blende, 
grey-copper,  and  copper-pyrites. 

Sp.  4.  Black  Gold  Ore.  Nagyagerez.  Wern. 
Silvane  lamelleux.  Broch. 

Its  colour  varies  from  lead-grey  to  iron-black : 
it  is  feldom  found  in  mafs,  being  generally  dif- 
feminated in  the  form  of  fmall  feales,  or  long 
hexagonal  plates,  either  Angle  or  accumulated 
on  each  other.  It  has  a moderately  fliining 
metallic  luftre.  Its  fradfure  is  curved-foliated  : 
it  ftains  the  fingers  a little,  is  fomewhat  flexible, 
and  very  foft.  Sp.  gr.  8.9. 

Before  the  blowpipe  it  readily  enters  into 
fufion,  and  the  tellurium  and  fulphur  are  vola- 
tilized, leaving  behind  a metallic  malleable 
globule  favrounded  by  yellowifn  fcorire. 

It  confifts  according  to  Klaproth  of 
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It  lias  been  found  as  yet  only  at  Nagy-ag 
in  Tranfylvania,  in  a gangue  of  red  manganefe, 
brown  fpar,  and  quartz,  accompanied  by  galena, 
iron  pyrites,  blende,  plumcfe  antimony  and 
grey  copper  ore. 

Sp.  5.  Auriferous  Pyrites. 

The  brcnze-yellow  Iron  Pyrites  in  mafs 
or  in  (trialed  cubes,  and  the  hepatic  pyrites 
when  occurring  in  veins  in  primitive  mountains, 
are  i'ometimes  found,  to  contain  a fufficient 
quantity  of  pure  gold,  or  of  gold  alloyed  with 
filver,  to  be  well  worth  the  trouble  of  extracting 
by  methods  that  will  be  defcribed  hereafter.  It 
was  formerly  fuppofed  that  the  gold  as  well  as 
the  iron  in  this  ore,  was  mineralized  by  the 
iulphur  ; the  experiments  of  Bergman  however 
pretty  clearly  (hew  that  this  is  a miftake,  and 
that  the  gold  in  fmallfcales  is  merely  interpofed 
between  the  laminae  of  the  pyrites.  A con- 
(iderable  proportion  of  the  American  gold,  and 
by  far  the  larged  portion  of  the  Hungarian 
gold,  is  obtained  from  this  ore.  The  produce 
of  the  Hungarian  pyrites  is  very  various,  fome- 
times  not  exceeding  a few  grains  of  gold  in  the 
quintal  of  ore,  but  in  the  celebrated  mine  named 
Maria  of  Loretto,  nearZalathna,  inTranfylvania, 
is  a vein  of  auriferous  pyrites,  that  occafionally 
yields  as  much  as  450  cz.  of  gold  in  the  quin- 
tal. c 

Sp.  6.  Auriferous  Galena. 

The  native  Sulphuret  of  Lead,  commonly 
called  galena,  almod  always  contains  a little 
filver,  which  not  unfrequently  is  fufficiently 
abundant  to  be  worth  the  trouble  of  extracting. 

The  galena  of  Hungary  occafionally  holds  not 
only  filver  but  gold,  and  is  accordingly  worked 
as  one  of  the  ores  of  this  precious  metal : the 
galena  of  Boicza  yields  an  ounce  and  a half  in 
the  quintal  of  an  alloy,  of  which  3 1 parts  are 
filver  and  1 of  gold.  d 

§ 2.  Attaints  of  Gold  Ores . 

The  analyfis  of  gold-ores  is  very  fimple,  the 
chief  difficulty  arifing  from  the  minute  propor- 
tion of  this  metal  contained  in  the  greater  part 
even  of  thofe  ores  which  are  reckoned  very 
rich. 

Native  gold  contains  in  variable  but  generally 
fmall  proportions  either  filver  or  copper,  and 
fometimes  both;  and  its  gangue  is  often  quartz  of 
extreme  hardnefs.  When  this  happens  to  be 
the  cafe  the  following  is  generally  the  bed 
mode  of  proceeding.  After  the  ore  has  been 
reduced  to  fine  powder  let  it  be  mixed  with  five 
or  fix  times  its  weight  of  carbonated  fcda,  or 
ftill  better  with  4 parts  of  carbonated  foda  and 
* Born,  Voyage  Mineral,  p.  193.  * Ibid 


i of  giafs  of  borax,  and  melted  in  an  earthen 
crucible : the  mafs  when  fufed  is  to  be  poured 
out  on  a (lone  (lab,  and  the  fmall  portion  re- 
maining in  the  cruciole  may  be  readily  detached 
by  a little  diluted  muriatic  acid.  The  whole 
mafs  coarfcly  pulverized  is  to  be  put  into  a fla(k 
with  this  muriatic  folution,  and  ftrong  muriatic 
acid  being  added  a gentle  warmth  is  to  be  ap- 
plied ; the  digeftion  mud  be  continued,  a little 
nitrous  acid  being  added  from  time  to  time,  till 
the  adtion  of  the  menftruutn  entirely  ceafes  and 
the  undiflolved  refidue  is  of  a pure  white  colour: 
the  liquor  is  then  to  be  poured  off,  the  refidue 
is  to  be  well  wafhed,  and  the  walkings  added  to 
the  liquor. 

a.  The  infoluble  refidue  being  dried  is  to  be 
expofed  to  the  fun,  and  will  acquire  a purplilh 
tint  if  it  contains  any  muriat  of  filver.  Upon 
this  indication  it  is  to  be  mixed  with  thrice  its 
weight  of  pearlafh  and  fufed  in  an  earthen  cru- 
cible for  about  five  minutes ; the  filver  will  be 
reduced  into  metallic  globules,  and  may  be  ob- 
tained pure  by  digeftion  in  muriatic  acid,  which 
will  take  up  the  earth  and  alkali  but  will  not 
add  on  the  filver. 

b.  The  nitro-muriatic  folution  being  carefully 
neutralized  with  either  of  the  fixed  alkalies,  a 
folution  of  green  fulphat  of  iron  is  to  be  added 
as  long  as  any  precipitation  takes  place ; this 
precipitate  is  gold,  which  being  carefully  col- 
lected is  to  be  fufed  in  a fmall  crucible  with 
juft  a fufficient  quantity  of  nitre  to  cover  it. 

c.  The  refidual  liquor  being  decompofed  by 
a carbonated  alkali,  the  precipitate  after  being 
well  wafhed  is  to  be  digefted  in  liquid  ammonia. 
to  take  up  the  copper,  which  being  done,  the 
ammoniacal  folution  is  to  be  (lightly  fuperfatu- 
rated  with  muriatic  acid,  and  the  addition  of  a 
(tick  of  zinc  will  prefently  throw  down  the 
copper  in  the  reguline  (late. 

The  fecond,  third,  and  fourth  fpecies  of  gold 
ore  containing  a large  proportion  of  tellurium 
are  to  be  analyfed  in  the  following  method.  e 

a.  The  ore  being  finely  pulverized  and  fepa- 
rated  as  accurately  as  poffible  from  the  lighter 
(tony  particles  by  waffling,  is  to  be  digefted 
with  muriatic  acid,  to  which  muft  be  added  by 
degrees  fucceffive  portions  of  nitric  acid,  till  the 
black  colour  of  the  ore  has  entirely  difappeared. 
The  firft  folution  being  poured  off,  a frefti  quan- 
tity of  muriatic  acid  may  be  employed  in  order 
to  render  it  certain  that  every  thing  foluble  has 
been  taken  up.  This  being  poured  off  and  the 
refidue  well  edulcorated  with  boiling  water,  all. 
the  three  fluids  are  to  be  mixed  together, 
p.  217.  • Klapr.  Analyt.  E1T.  II.  p.  I. 
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b.  The  infoluble  refidue  confifts  of  quartz, 
and  may  aifo  contain  fulphur  and  muriated 
filver.  The  fulphur  will  be  found  colle&ed 
into  a mafs  by  itielf,  which  being  dried,  weigh- 
ed, and  afterwards  ignited  and  again  weighed, 
the  difference  of  weight  will  indicate  the  quan- 
tity of  fulphur : what  remains  after  ignition  is 
to  be  treated  with  nitro- muriatic  acid,  the  folu- 
ble  portion  added  to  the  former  folution,  and 
the  infoluble  part  added  to  the  other  refidue. 
The  filver  is  collected  by  mixing  four  parts  of 
pearlafh  and  one  of  glafs  of  borax  with  the 
refidue  and  fufing  the  whole,  and  afterwards 
leparating  the  globules  of  filver  by  means  of 
muriatic  acid,  as  already  mentoined. 

c.  The  nitro-muriatic  folution  (a)  upon  the 
addition  of  the  edulcorating  water  will  let  fall 
a white  precipitate,  but  by  fubfequent  heating 
and  evaporation  it  will  be  rediffolved,  and  in- 
ftead  of  it,  if  any  lead  is  prefent,  acicular  cryf- 
tals  will  be  depofited  : the  evaporation  muft  be 
perfevered  in  till  thefe  cryftals  ceafe  to  be  pro- 
duced : being  then  colledted,  carefully  rinced  in 
a little  muriatic  acid  and  afterwards  highly  dried, 
they  will  be  found  to  be  pure  muriat  of  lead. 

d.  The  folution  thus  freed  from  the  lead  is 
to  be  diluted  a little  with  water  and  then  to  be 
largely  mixed  with  fpirit  of  wine  as  long  as  any 
precipitate  falls  down  •,  a gentle  warmth  will 
compleat  the  feparation,and  the  precipitate  edul- 
corated with  alcohol  is  to  be  rediffolved  in  mu- 
riatic acid,  from  which  it  may  be  feparated  in  the 
ftate  of  oxyd  of  tellurium  by  accurately  fatu- 
rating  the  liquor  with  cauftic  foda,  or  in  the 
metallic  ftate  in  the  form  of  black  flocks  by 
means  of  zinc. 

e.  The  remaining  fluid  is  to  be  freed  from  its 
alcohol  by  evaporation  or  diftillation,  the  concen- 
trated folution  is  to  be  moderateiy  diluted  with 
water,  and  a folution  of  nitrat  of  mercury  made 
in  the  cold  is  to  be  dropped  in  till  the  laft  por- 
tions of  the  precipitate  are  white  : the  precipi- 
tate, which  is  of  a brown  colour,  is  to  be  col- 
lected, wafhed,  and  fufed  with  nitre,  and  yields 
a button  of  pure  gold. 

f The  liquor  is  now  to  be  faturated  with  car- 
bonated foda  at  a boiling  temperature  as  long 
as  any  precipitate  is  thrown  down  : this  being 
rediffolved  in  warm  muriatic  acid,  and  again 
fuperfaturated  with  carbonat  of  ammonia,  affords 
a precipitate  containing  iron  and  manganefe. 

g.  The  ammoniacal  folution  being  flightly 
fuperfaturated  with  muriatic  acid  will  depcfit 
all  its  copper  in  the  metallic  ftate  by  the  aCfion 
/of  a piece  of  zinc. 

It  is  not  known  whether  gold  ever  exifts 


native  in  a ftate  of  proper  combination  with 
platina,  nor  is  there  any  extant  analyfis  of  thofe 
ores  in  which  platina  is  Amply  mixed  with 
grains  of  gold.  The  method  of  proceeding 
however  in  fuch  cafes  is  fufficiently  obvious  by 
recollecting  that  though  both  the  metals  are 
foluble  in  aqua  regia,  yet  gold  alone  is  precipi- 
table  from  this  menftruum  by  the  addition  of 
fulphat  of  iron. 

Auriferous  pyrites  is  analyfed  by  digefting 
the  pulverized  ore  in  muriatic  acid  with  the 
occasional  addition  of  a little  nitric  acid  till 
every  thing  foluble  is  taken  up  *,  the  refidue 
being  wafhed  and  dried  is  to  be  weighed  and 
then  expofed  to  a heat  juft  fufRcient  to  burn 
off  the  fulphur,  the  amount  of  which  is  indi- 
cated by  the  lofs  of  weight.  The  refidue  is 
again  to  be  digefted  in  nitro-muriatic  acid,  and 
this  folution  is  to  be  added  to  the  firft.  The 
earthy  refidue  containing  the  filver  in  the  ftate 
of  muriat  is  then  to  be  fufed  with  an  equal 
weight  of  glafs  of  borax  and  thrice  as  much 
pearlafh,  the  filver  will  be  reduced  and  may  be 
feparated  from  the  alkali  and  earth  by  very 
dilute  muriatic  acid.  The  nitro-muriatic  folu- 
tion is  to  be  neutralized  by  fixed  alkali  and  then 
treated  with  nitrat  of  mercury  prepared  in  the 
cold,  by  which  the  gold  will  be  thrown  down 
in  the  ftate  of  a brown  powder,  and  may  be 
brought  to  the  reguline  appearance  by  fufion 
with  nitre.  The  oxyd  of  iron  remains  in  folu- 
tion and  may  be  obtained  in  the  ftate  of  mag- 
netic oxyd  in  the  ufual  way. 

Auriferous  galena  is  to  be  treated  nearly  in 
the  fame  manner  as  the  preceding.  By  the 
adtion  of  nitro-muriatic  acid  the  gold  and  lead, 
as  well  as  the  iron  and  antimony,  if  any  are 
prefent,  are  taken  up,  leaving  behind  the  earthy 
matrix,  the  fulphur  and  filver,  which  are  fepa- 
rated as  already  mentioned  in  the  former  para- 
graph. The  lead  is  depofited  by  gradual  eva- 
poration of  the  nitro-muriatic  folution  as  cryf- 
tallized  muriat  of  lead,  and  the  gold  is  procured 
from  the  folution  again  diluted  with  water,  by 
means  of  nitrat  of  mercury. 

Where  a mineral  is  examined  merely  for  the 
gold  and  filver  which  it  contains,  it  is  a ufual 
pradlife  to  pulverize  it  very  finely  and  digeft  it 
firft  in  pure  moderately  ftrong  nitric  acid,  and 
then  in  nitro-muriatic  acid.  In  the  firft  folution 
is  contained  the  filver,  in  the  fecond  the  gold. 
This  however  is  a very  inaccurate  way  of  pro- 
ceeding, efpecially  for  the  filver,  becaufe  when- 
ever this  does  not  greatly  exceed  the  gold  it 
will  be  more  or  lefs  covered  by  it  from  the 
adftion  of  the  nitric  acid,  and  on  the  fubfequent 
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digeftion  with  nitro-muriatic  acid  will  be  con- 
verted into  muriat  of  filver  and  thus  rendered 
infoluble. 

There  are  feveral  ways  mentioned  by  authors 
of  analyfing  in  the  dry  way,  or  rather  of  affaying 
ores  of  gold  : none  of  them  however  are  equal 
in  accuracy  to  the  modes  of  analyfis  by  liquid 
menftrua  which  we  have  already  mentioned, 
and  are  in  fa£l  only  a more  careful  performance 
upon  fmall  quantities  of  materials  of  thofe  pro- 
cedes  which  we  are  about  to  defcribe  in  the 
large  way  in  the  third  and  fourth  fedlions. 

§ 3 . Reduftion  of  Ores. 

The  richeft  gold  mines  concerning  the  work- 
ing of  which  we  have  any  very  particular  de- 
fcription  are  thofe  of  Hungary : the  method  of 
proceeding  therefore  in  thel'e  eftablifhments  (hall 
be  firft  mentioned. f The  high  commercial 
value  of  gold  compared  with  that  of  any  other 
metal  depends  in  a confiderable  degree  on  its 
rarity,  hence  even  the  moll  profitable  veins  of 
gold  are  of  trifling  magnitude,  and  will  pay 
very  well  to  the  miner  though  mixed  very  in- 
timately with  fo  large  a proportion  of  Itony 
gangue  and  other  impurities  as  would  render  it 
impoflible  to  work  with  advantage  any  other 
metal  fimilarly  circumftanced. 

In  the  Hungarian  mines  the  attention  of  the 
miner  is  not  confined  to  the  firings  of  ore,  but 
the  whole  contents  of  the  vein  are  ufually  ex- 
tracted. It  is  raifed  for  the  mofl  part  in  large 
maffes  to  the  furface,  and  is  then  diftributed  to 
the  workmen,  who  break  it  firft  with  large 
hammers  and  afterwards  with  fmaller  ones,  till 
it  is  reduced  to  pieces  of  the  fize  of  a walnut  or 
lefs.  During  this  procefs  each  piece  is  atten- 
tively examined  and  arranged  according  to  its 
value : the  native  gold  even  to  the  fmalleft  vifible 
grain  is  feparated  as  accurately  as  poflible  from 
the  quartz  in  which  it  is  chiefly  imbedded,  and 
put  by  itfelf ; the  auriferous  galena  and  pyrites 
are  alfo  thrown  into  feparate  heaps.  The  fmall 
fplinters  detached  during  this  procefs,  as  well 
as  the  fand  and  mud  of  the  mine  are  alfo  col- 
lected, waflied  and  lifted,  and  arranged  accord- 
ing to  their  finenefs  and  apparent  richnefs.  The 
portion  rejected  in  this  firft  examination  is 
afterwards  re-examined  by  boys,  whofe  time  is 
of  little  value,  and  who  pick  out  nearly  the 
whole  of  what  has  been  overlooked  by  the  men, 
and  fort  in  it  the  manner  juft  mentioned. 

The  native  gold  with  its  adhering  matrix  is 
again  broken  by  hand  into  ftill  fmaller  pieces,  by 
which  an  additional  quantity  of  impurities  and 
ftony  matter  is  got  rid  of ; it  is  then  put  into  a 

* Delius,  fur  I’art  des  J 


kind  of  wooden  box  floored  with  caft  iron  plates, 
and  reduced  to  a fine  powder  by  the  aClion  of 
two  or  more  heavy  fpars  of  oak,  (hod  with  iron 
and  worked  alternately  in  the  manner  of  a com- 
mon (lamping  mill.  This  powder,  or  flour  as 
it  is  called,  being  now  removed  into  a con- 
venient velfel  like  a large  bafon,  is  mixed  with 
a fufficient  quantity  of  fait  and  water  to  render 
it  damp,  after  which  a workman  takes  a thin 
porous  leather  bag,  puts  a quantity  of  mercury 
into  it,  and  by  a continued  regular  preflure 
forces  the  mercury  in  minute  drops  like  dew 
through  the  leather : in  this  minutely  divided 
ftate  it  fails  upon  the  pulverized  ore,  and  is 
immediately  kneaded  up  with  it  till  the  requifite 
quantity  (depending  in  great  meafure  on  the 
proportion  of  gold)  has  been  added.  This  part 
of  the  procefs  being  compleated,  the  mixture  is 
rubbed  together  by  means  of  a wooden  peftle 
for  fome  time  to  expedite  the  incorporation  of 
the  mercury  and  gold,  and  is  afterwards  heated 
in  a proper  veffel  to  about  the  temperature  of 
boiling  water  for  three  or  four  days:  finally, 
the  mixture  is  wafhed  very  carefully  by  fmall 
parcels  at  a time,  the  earthy  particles  are  carried 
off  by  the  water,  and  there  remains  behind  only 
the  mercury  combined  with  the  gold  into  an 
amalgam.  Part  of  the  mercury  is  then  fepa- 
rated by  preflure  in  a leathern  bag,  and  the  reft 
is  driven  off  by  diftillation,  leaving  behind  only 
the  gold  and  the  filver, with  which  it  may 
happen  to  be  alloyed.  (For  a fuller  account 
of  this  procefs  fee  Silver.) 

Such  is  the  fimple  method  by  which  the 
native  gold  of  the  ore  is  extracted ; a much 
more  complicated  procefs  however  is  required 
to  feparate  that  portion  of  the  metal  which  is 
difperfed  invifibly  in  the  pyrites,  ochre,  galena, 
and  other  metallic  fubftances,  as  well  as  the 
ftony  parts  of  the  gangue.  Thefe  in  the  forting 
already  deferibed,  are  feparated  not  only  ac- 
cording to  their  apparent  richnefs,  but,  what  is 
of  more  importance,  are  alfo  arranged  according 
to  their  hardnefs.  This  being  compleated  they 
are  transferred  to  the  flamping  mill. 

The  principal  parts  of  a (lamping  mill  are 
the  following  : i . The  coffers  or  cifterns,  ufu- 
ally two  in  number,  in  which  the  ore  is  pulve- 
rized, and  through  which  a dream  of  water 
that  may  be  increafed  or  diminifhed  at  pleafure, 
continually  paffes.  2.  The  dampers  or  vertical 
beams  (hod  with  iron.  3.  The  axle,  fixed  ho- 
rizontally, and  working  at  one  end  in  a pivot 
and  rivetted  at  the  other  into  the  center  of  a 
large  water  wheel.  Hence  the  mode  of  its 
ines.  vol,  II.  Born,  See, 
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action  is  evident : a ftream  of  water  falling  upon 
the  wheel  turns  it  round,  and  at  the  fame  time 
the  axle  to  which  it  is  attached : the  cogs 
fattened  upon  the  axle  raife  alternately  the 
{tampers  to  a given  heighth,  and  then  let  them 
fall  upon  the  ore  that  is  placed  in  the  coffers, 
which  in  proportion  as  it  is  fufHciently  commi- 
nuted, is  carried  by  the  water  that  is  continually 
flowing  through,  out  at  the  fides  of  the  coffer, 
into  the  labyrinths  where  the  ftony  and  metallic 
contents  of  the  ore  are  depofited  nearer  to  or  fur- 
ther from  the  difcharging  aperture,  according  to 
their  refpe£live  fpecific  gravity. 

The  coffer  is  a rectangular  hole  funk  below 
the  level  of  the  ground,  and  both  floored  and 
lined  with  flrong  double  oak  planking : it  is 
about  four  feet  deep,  five  in  length,  and  two 
feet  or  lefs  in  width.  The  hampers  are  five 
in  number,  and  are  flrong  oaken  beams  termi- 
nated with  iron,  and  weighing  about  200  pounds 
each ; they  are  placed  fide  by  fide,  about  two 
inches  and  a half  diflant  from  each  other.  When 
any  ore  is  to  be  pounded,  the  firfl  thing  is  to 
cover  the  bottom  of  the  coffer  with  a clofe-fet 
flooring  or  pavement,  compofed  of  large  pieces 
of  the  hardeft  and  pooreft  part  of  the  vein,  fuch 
a floor  being  found  by  experience  to  be  much 
better  on  many  accounts  than  an  iron  one. 
The  thicknefs  of  this  floor  is  inverfely  according 
to  the  hardnefs  of  the  ore  to  be  pounded ; it 
being  manifefl  that  the  higher  this  is  the  fmaller 
will  be  the  fpace  through  which  the  hampers 
have  to  fall,  and  therefore  the  lefs  will  be  their 
momentum  : care  mull  however  at  all  times  be 
taken  that  the  part  of  the  floor  immediately  be- 
neath the  middle  hamper,  is  about  two  inches 
lower  than  that  below  the  hamper  on  each  fide 
of  the  middle  one,  and  that  this  again  is  about 
an  inch  lower  than  that  beneath  the  two  outer- 
moh  hampers.  The  coffer  being  thus  prepared, 
the  hampers  are  fet  in  motion  by  the  water 
wheel,  a fmall  hream  is  allowed  to  flow  into  the 
coffer,  and  the  ore  is  thrown  in  juh  below 
the  middle  hamper,  by  a careful  workman,  or 
fupplied  in  the  proper  quantity  by  a hopper : 
the  ore  being  comminuted  by  this  hamper,  is 
gradually  delivered  to  the  next  on  each  fide, 
where  It  is  hill  further  pulverized,  and  from 
which  it  is  paffed  on  to  the  two  outermoh 
hampers,  by  which  it  is  at  length  reduced  to 
grains  of  fuch  finenefs,  as  to  be  for  a time  fuf- 
pended  in  the  water,  and  carried  by  it  through 
one  or  other  of  the  apertures  which  are  at  each 
end  of  the  coffer. 

Much  care  is  required,  efpecially  in  hamping 
the  ores  of  gold  and  filver,  in  the  firh  place 


that  no  pieces  be  fubjecled  to  the  procefs 
that  can  economically  be  feparated  by  hand 
from  the  gangue,  for  even  when  it  is  the  moh 
fkilfully  conduced  a very  notable  proportion 
will  be  loh ; and  fecondly,  that  the  ore  be 
pounded  either  fine  or  coarfe,  or  be  fubje&ed 
to  greater  or  lefs  force  according  as  circum- 
hances  may  require.  If  the  ore  is  principally 
native  gold  difperfed  in  very  minute  particles 
through  quartz  or  hornhone,  it  will  be  impofii- 
ble  to  feparate  the  whole  or  nearly  the  whole 
of  the  metal,  except  it  is  reduced  to  exceedingly 
fine  powder,  and  this  may  be  fafely  done  both 
becaufe  the  difference  in  fpecific  gravity  be- 
tween the  two  ingredients  of  the  ore  is  very 
great,  and  alfo  becaufe  the  quartz  if  reduced  to 
particles  ever  fo  minute,  does  not  at  all  clot 
and  adhere  to  the  gold.  In  this  cafe  therefore 
the  floor  of  the  coffer  may  be  fet  as  low  as 
poflible,  to  give  the  hampers  their  greateft  mo- 
mentum, and  only  a very  fmall  ftream  of  water 
may  be  let  in,  that  the  current  pafling  out  of 
the  coffer  may  carry  with  it  only  the  fmalleft 
particles.  It  often  however  happens  that  the 
gold  is  diffeminated  in  a very  ochery  and  highly 
indurated  clay,  or  in  calcareous  fpar,  and  in 
this  cafe  there  is  only  a choice  of  difficulties : 
if  the  ore  is  not  extremely  comminuted  much 
of  the  metal  will  be  kept  in  the  earthy  matrix, 
but  if  on  the  other  hand  the  {lamping  is  con- 
tinued too  long,  the  whole  will  be  reduced  to  a 
fluid  mud,  which  will  prevent  the  thin  laminae 
of  gold  from  fubfiding  ; and  long  pra£lice  and 
accurate  judgment  are  required  to  manage  the 
procefs  fo  that  the  greateft  quantity  of  gold 
{ball  be  obtained.  Sometimes,  as  at  Kremnitz, 
the  gangue  confifts  partly  of  quartz  and  in  part 
of  indurated  clay  *,  in  this  cafe  the  moft  ap- 
proved pra£lice  is,  to  raife  the  floor  of  the  coffer 
to  within  about  eighteen  inches  of  the  top,  to 
put  a moderate  quantity  of  ore  at  once  under 
the  middle  Hamper,  and  to  let  on  in  the  be- 
ginning of  the  procefs  a full  ftream  of  water ; 
by  this  the  clay  as  being  the  fofteft  is  battered 
to  pieces,  and  carried  off  by  the  water  before 
the  quartz  is  fufficiently  comminuted  to  be 
wafhed  out  in  any  confiderable  proportion  with 
it ; the  ftream  of  water  is  then  flackened,  and 
the  quartz  is  reduced  to  fand  of  the  requifite 
finenefs.  There  are  few  things  that  fo  much 
facilitate  the  wafhing  fubfequent  to  {lamping, 
and  upon  which  the  produdl  of  metal  fo  much 
depends,  as  the  reduction  of  the  gangue  to 
grains  of  an  uniform  fize  ; this  is  brought  about 
by  being  careful  that  the  ore  when  firft  put  into 
the  coffer,  falls  under  the  middle  Hamper,  and 
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alfo  by  regulating  the  velocity  of  the  water 
wheel ; if  the  motion  of  the  ftampers  is  too 
flow,  the  only  bad  effedt  is  lofs  of  time ; but 
when  their  action  is  too  much  accelerated,  the 
water  is  dalhed  about  and  carries  with  it  to  the 
opening  at  the  end  of  the  coffer  pieces  of  the 
ore  that  are  not  half  ground,  as  well  as  thofe 
that  have  gone  through  the  whole  procefs : this 
fault  is  obvious  not  only  from  the  difference  in 
fize  between  the  grains,  but  thofe  which  have 
not  been  fufficiently  pounded  will  be  of  a flat 
angular  figure,  and  in  confequence  will  remain 
behind  with  the  metal  in  the  fubfequent  walh- 
ing,  inftead  of  being  carried  off  the  tables  to- 
gether with  the  reft. 

When  by  the  procefs  of  ftamping,  the  ore  is 
reduced  to  particles  of  fufficient  finenefs  to  be 
carried  out  of  the  coffer  by  the  force  of  the 
water,  it  pafl'es  into  fhallow  channels  or  troughs 
of  various  dimenfions,  conftrudted  either  of 
wood  or  ftone,  and  communicating  at  their  ex- 
tremities with  each  other ; the  whole  feries  is 
called  a labyrinth.  In  thefe  channels  the  various 
parts  of  the  ore  are  depofited,  according  to  their 
refpedlive  fpecific  gravities ; the  heavieft  par- 
ticles being  detained  in  the  firft,  and  the  lighteft 
fubfiding  in  the  laft  and  loweft.  Each  of  thefe 
channels  is  grooved  at  its  lower  extremity,  to 
admit  of  its  being  clofed  at  pleafure  by  pieces 
of  wood  about  an  inch  in  heighth,  which  Aide 
down  upon  each  other  like  the  planks  in  a 
Chinefe  lock.  It  is  obvious  that  the  accuracy 
by  which  the  heavy  particles  can  thus  be  fepa- 
rated  from  the  lighter  ones,  will  be  much  mo- 
dified by  varying  the  rapidity  of  the  ftream 
through  thefe  channels,  fo  that  at  its  outfet  the 
ftream  fhall  be  fwift  and  its  velocity  fhall  gra- 
dually decreafe  as  it  paffes  fucceffively  from 
one  channel  into  another.  This  is  eftedted  by 
diminifhing  the  flope  and  augmenting  the  width 
and  length  of  the  channels.  Thus  that  which 
receives  the  water  immediately  from  the  coffer 
of  the  ftamping  mill  is  about  four  yards  long, 
nine  inches  in  depth  and  breadth,  and  has  an 
inclination  of  two  and  a half  or  three  inches ; 
the  fecond  is  about  five  yards  long,  twelve 
inches  in  depth  and  breadth,  and  has  one  inch 
of  inclination  ; the  third  and  fourth  are  fix  yards 
long,  with  a depth  and  breadth  equal  to  the 
former,  and  an  inclination  of  half  an  inch  ; the 
fifth  is  feven  yards  long,  fourteen  inches  in 
breadth,  twelve  in  depth,  and  is  not  inclined  at 
all ; the  fixth  is  from  eight  to  ten  yards  long, 
fixteen  inches  in  breadth,  twelve  in  depth,  and 
like  the  former  is  intirely  level.  When  thefe 
channels  are  about  to  be  ufed  a Aider  about  an 


inch  high  is  put  into  the  groove  at  the  extremity 
of  each,  to  prevent  the  grains  which  are  depo- 
fited from  being  rolled  out  and  walhed  away  by 
the  force  of  the  water  : when  the  depofit  nearly 
attains  the  level  of  the  top  of  the  Aider,  a fecond 
is  put  in,  and  thus  the  procefs  goes  on  till  the 
channels  are  almoft  filled.  The  water  from  the 
coffer  is  now  turned  off  into  another  labyrinth, 
and  the  contents  of  the  former  are  taken  out, 
care  being  taken  not  to  mix  what  has  fubfided  in 
any  one  channel  with  what  has  been  depofited  in 
the  others.  By  means  of  the  foregoing  procefs, 
if  carefully  condudfed,  the  metallic  contents  of 
the  ore  will  be  feparated  in  a confiderable  de- 
gree from  the  lighter  ftony  particles : every 
thing  however  depends  upon  the  fkill  and  accu- 
racy of  the  manipulation,  more  efpecially  where 
gold  ores  are  thus  treated,  becaule  in  this  cafe 
the  proportion  of  gangue  to  the  ore  is  greater  than 
in  any  other,  hence  even  a moderate  degree  of 
careleffnefs  or  of  inrperfedlion  in  the  apparatus, 
will  occafion  a lofs  of  full  one  fourth  of  the  gold. 

The  firft  operation  of  walking,  however  care- 
fully conducted,  is  by  no  means  entirely  ade- 
quate to  the  entire  feparation  of  the  fand  from 
the  ore,  it  is  therefore  a fecond  time  wafhed  on 
what  are  called  tables.  Thefe  are  long  planes 
of  wood,  confiderably  inclined  (more  or  lefs 
according  to  circumltances)  and  croffed  here 
and  there  at  regular  diftances  by  narrow  {hallow 
grooves.  To  the  upper  extremity  of  the  table 
is  faftened  a long  wicker  balket,  or  a perforated 
wooden  trough,  which  is  filled  with  walhed 
ore  •,  a little  ftream  of  water  is  then  admitted, 
which  paffing  between  the  twigs  of  the  balket 
trickles  down  upon  the  table,  carrying  with  it 
particles  of  the  ore,  which  are  either  carried 
entirely  off  the  table  by  the  impulfe  of  the  water, 
or  are  depofited  in  the  grooves  according  to 
their  fpecific  gravity,  the  heavieft  particles  being 
flopped  the  fooneft.  By  this  method  the  auri- 
ferous ores  of  iron  and  copper  pyrites,  galena, 
blende,  &c.  are  fufficiently  feparated  from  the 
quartz  and  other  ftony  matter  to  be  fit  for  the 
fmelting  furnace ; but  the  ores  of  native  gold 
generally  undergo  a third  wallring,  which  is 
performed  on  fmall  quantities  at  a time,  in  a 
wooden  veffel  called  by  Engliffi  miners  a buddle; 
its  ffiape  fomewhat  refembles  that  of  a common 
fire-lhovel  without  a handle,  only  the  fides  are 
more  elevated  in  proportion,  and  it  is  furnilhed 
with  two  ears  to  hold  it  by.  The  ore  being  put 
in  the  vefiel  is  gently  immerfed  in  water,  and  a 
circular  motion  is  communicated  to  it  by  a pe- 
culiar flight  of  hand  not  to  be  deferibed  by 
words,  by  means  of  which  the  lighter  particles 
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are  by  degrees  thrown  out  of  the  buddle  into 
the  water,  hardly  any  thing  but  the  gold  re- 
maining behind,  which  is  then  either  amalga- 
mated or  dire£tly  fufed  in  an  earthen  crucible 
with  the  addition  of  a little  nitre. 

The  gold  that  is  found  in  alluvial  foil  or  in 
the  fands  of  rivers,  is  obtained  in  precifely  the 
fame  way,  except  that  it  is  not  necefiary  to  pafs 
it  through  the  ftamping  mill  previous  to  wafh- 
ing. 

The  proper  auriferous  ores  being  lighter  than 
gold,  and  their  contents  being  rarely  of  fufficient 
value  to  admit  of  that  accuracy  in  wafhing  to 
which  native  gold  is  fubje£ted,  are  always  found 
after  they  come  off  the  wafhing  tables  to  be 
mixed  with  a very  confiderable  proportion  of 
ftony  matter.  If  the  metallic  part  confifts  of 
pyrites,  as  is  ufually  the  cafe,  it  is  advifable 
previous  to  fufion  to  give  it  a moderate  roafting 
in  order  to  drive  off  the  greater  part  of  the  ful- 
phur.  The  extent  to  which  this  procefs  ought 
to  be  carried  depends  in  fome  degree  on  the 
quantity  and  refraftorinefs  of  the  ftony  part  of 
the  ore,  for  the  fulphur  in  the  fubfequent  fufion 
adting  the  part  of  a flux,  it  is  obvious  that  the 
cleaner  the  ore  is  the  more  perfectly  may  it  be 
roafted.  This  being  finifhed,  the  ore  is  accu- 
rately mingled  with  a little  quick-lime  by  way 
of  flux,  and  with  galena  proportioned  to  the 
quantity  of  gold  and  filver  that  the  pyrites  con- 
tains according  to  the  refult  of  a previous  aflay. 
The  mixture  being  now  placed  in  a rever- 
beratory furnace  is  made  red  hot,  and  as  foon 
as  it  begins  to  clot  together  is  ftirred  up  from 
time  to  time  and  kept  at  a temperature  inade- 
quate to  its  fufion  till  part  of  the  fulphur  is 
driven  off;  this  being  effedled  the  fire  is  in- 
creafed,  the  whole  is  brought  to  a ftate  of  thin 
fufion  and  then  let  out  in  the  ufual  way  into  a 
mould  of  fand.  During  the  fufion  the  iron,  on 
account  of  its  powerful  affinity  for  fulphur, 
refumes  the  portion  of  which  it  had  been  de- 
prived by  the  previous  roafting,  by  decompofing 
the  fulphurets  of  lead  and  copper  with  which 
it  is  mixed,  in  confequence  of  which  thefe 
metals  by  their  fpecific  gravity  fall  in  drops 
through  the  vitreous  ferruginous  fcoria,  carrying 
with  them  the  gold  and  filver,  and  unite  at  the 
bottom  into  a denfe  metallic  mafs.  Hence  the 
pig  that  is  formed  in  the  mould  of  fand  is  found 
to  confift  of  two  parts  adhering  to  each  other, 
but  eafily  feparable  by  a hammer ; the  upper- 
moft  and  by  far  the  largeft  portion  is  more  or 
lefs  cellular  and  confifts  of  fcoria,  beneath 
which  is  a black  heavy  compaft  mafs  contain- 


ing the  gold  and  filver,  together  with  lead,  cop- 
per, fome  fulphur  and  iron.  It  is  now  broken 
into  fmall  pieces  and  roafted  and  fufed  once  or 
twice  more  till  all  the  fulphur  and  other  impu- 
rities are  got  rid  of,  nothing  remaining  but  the 
gold,  filver,  lead  and  copper. 

§ 4.  Refining,  s 

Although  the  refining  of  gold  generally  re- 
lates to  the  feparation  of  this  metal  from  filver 
and  copper,  thefe  being  the  principal  fubftances 
with  which  it  is  alloyed,  yet  it  may  with  much 
propriety  be  confidered  as  including  all  the 
methods  of  purifying  gold  from  every  other 
metallic  admixture.  In  this  fenfe  the  term  is 
ufed  on  the  prefent  occafion,  and  we  fhall  pro- 
ceed to  treat  of  it  accordingly. 

Separation  of  Gold  from  Lead  and  other  metals 
by  Cupellation. 

The  moft  economical  method,  and  the  only 
one  habitually  pradlifed,  of  feparating  gold  from 
lead  is  by  a procefs  called  cupellation  in  the 
fmall  way,  and  tefting  when  praftifed  on  a 
large  feale.  The  particular  precautions  requifite 
in  cupellation  are  deferibed  under  the  article 
Assay,  as  the  method  of  tefting  is  under  Silver. 
All  that  is  neceflary  to  be  ftated  here  therefore, 
is  merely  the  rationale  of  the  procefs.  The 
cupel  or  teft  is  a porous  infufible  earthy  mafs, 
with  a fhallow  concavity  at  the  top  for  the  re- 
ception of  the  metal : this  being  placed  in  a 
furnace  fo  as  not  to  be  in  contact  with  the 
burning  fuel,  and  a current  of  air  at  the  fame 
time  palling  over  the  furface  of  the  teft,  the 
metal  is  brought  almoft  to  a ftate  of  ebullition. 
At  this  temperature  the  lead  is  feparated  from 
the  gold  in  the  form  of  a vitreous  oxyd,  which 
finking  into  the  pores  of  the  teft  leaves  the  gold 
behind  nearly  in  a ftate  of  purity,  this  latter 
metal  being  incapable  of  oxydation  at  any  tem- 
perature by  fimple  expofure  to  heat  and  air. 

Not  only  lead  may  thus  be  feparated  from 
gold,  but  its  effe£l  as  a flux  in  fcorifying  and 
carrying  down  moft  of  the  imperfect  metals  is 
fo  great  that  by  means  of  the  procefs  of  cupel- 
lation with  lead,  repeated  according  to  the  pro- 
portion of  the  alloy  and  its  affinity  to  the  gold, 
thefe  may  alfo  be  got  rid  of  nearly  to  the  laft 
atom.  And  this  method  is  attually  pra&ifed 
where  the  proportion  of  alloy  is  but  fmall;  when 
however  it  exceeds  a certain  ratio  it  is  more 
economical  to  have  recourfe  to  the  other  me- 
thods detailed  in  this  fe&ion. 

It  is  to  be  obferved  however  that  when  fine 
or  pure  gold  is  thus  cupelled  with  lead,  it  al- 
ways retains  a fmall  portion  of  this  metal,  which 
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however  minute  is  fufficient  to  impair  both  its 
colour  and  ductility.  If  beiides  lead  the  mix- 
ture contains  copper  to  the  amount  of  one 
twenty-fourth  of  the  gold,  the  whole  of  the  lead 
will  be  feparated  but  hardly  any  of  the  copper. 
If  in  addition  to  the  above  ingredients  the  alloy 
contains  a fomewhat  greater  proportion  of  filver 
than  it  does  of  copper,  this  latter  is  feparated  by 
cupellation  and  a little  of  the  lead  remains  : but 
if  the  amount  of  filver  is  equal  to  or  exceeds 
that  of  the  gold,  both  the  copper  and  lead  may 
be  compleatly  worked  off,  the  gold  and  filver 
remaining  behind.  Hence  it  is  that  the  refiners 
in  feparating  the  bafe  metals  from  gold  by  cu- 
pellation, always  add  to  the  mixture  a confider- 
able  proportion  of  filver. 

Cupellation  with  lead  alone  does  not  fucceed 
when  gold  is  alloyed  with  tin : in  this  cafe  the 
tin  with  part  of  the  lead  forms  a very  fpungy 
and  refraifory  oxyd,  which  floats  upon  the  fur- 
face  of  the  melted  metal  and  retains  a part  of 
the  gold.  This  difficulty  however  is  ingenioufly 
obviated  by  the  addition  of  feme  iron  filings, 
which  combine  with  the  tin  into  an  alloy  that 
may  be  fcorified  by  lead  without  any  great 
trouble. 

Separation  of  Gold  from  Antimony. 

If  the  proportion  of  antimony  exceeds  that  of 
the  gold,  the  alloy,  which  will  be  very  brittle, 
muft  be  reduced  to  fmall  pieces  and  mixed  with 
about  a fourth  of  its  weight  of  fulphur  and 
fufed  in  a covered  earthen  crucible.  When  the 
fufion  is  compleat  it  muff  be  poured  into  a 
melting  cone  previoufly  heated  and  greafed,  and 
when  cool  will  be  found  to  confift  of  two  parts 
readily  feparable  from  each  other ; the  upper 
will  be  fulphuret  of  antimony  holding  a very 
little  gold ; the  lower  will  be  the  reft  of  the 
gold  ftill  combined  with  regulus  of  antimony. 
The  greater  part  of  the  antimony  being  thus 
feparated,  the  reft  may  be  got  rid  of  by  melting 
the  alloy  at  a high  heat  and  directing  a ftream 
of  air  from  a pair  of  bellows  into  a crucible 
containing  it,  by  which  the  antimony  is  oxy- 
dated  and  volatilized  in  the  form  of  a white 
vapour.  Shortly  after  this  appearance  has 
ceafed  and  the  gold  has  acquired  a clear  bright 
green  colour,  it  is  to  be  poured  out,  and  being 
then  remelted  in  a fmaller  crucible,  together 
with  fome  nitre,  the  laft  portions  of  antimony, 
if  any  fhould  happen  to  remain,  will  be  com- 
pleatly oxydated  and  feparated  from  the  gold. 
The  fmall  quantity  of  gold  detained  in  the  ful- 
phuret of  antimony  may  be  procured  by  bring- 
ing it  into  thin  fufion  and  then  precipitating 
part  of  the  antimony  by  the  addition  of  about 


a fifth  of  its  weight  of  iron  filings : the  gold 
will  fall  down  together  with  the  antimony,  and 
may  be  feparated  in  the  way  juft  defcribed. 

Separation  of  Gold  from  Silver  and  the  imperfeEl 
metals  by  Sulphur et  of  Antimony. 

By  this  method  all  the  common  imperfect 
metals  except  zinc  may  be  feparated  from  gold  : 
for  in  the  firft  place  gold  is  incapable  of  com- 
bining with  fulphur,  and  in  the  next  place  molt 
of  the  other  metals  have  a ftronger  affinity  for 
fulphur  than  antimony  has.  It  is  obvious  there- 
fore that  if  to  an  alloy  of  gold  and  copper,  for 
example,  be  added  fome  fulphuret  of  antimony, 
the  copper  will  become  fulphuretted  at  the 
expence  of  the  antimony,  which  in  its  turn  will 
combine  with  the  gold. 

Earthenware  crucibles  are  the  only  ones  that 
can  be  employed  where  fulphuretted  metals  are 
concerned,  but  if  thefe  are  ufed  without  any 
preparation  they  are  extremely  liable  to  crack 
and  be  corroded.  The  black-lead  crucibles  are 
fitter  for  this  purpofe  than  the  common  kind, 
but  thefe  laft  when  prepared  according  to  the 
method  recommended  by  Scheffer  are  more 
durable  and  convenient  than  thofe  of  black-lead. 
The  preparation  is  very  Ample : take  a well- 
burnt  crucible  and  foak  it  for  two  or  three  days 
in  linfeed  oil,  then  clear  away  the  oil  to  fuch  a 
degree  as  that  fome  finely  pulverized  glafs  of 
borax  being  dufted  over  the  inner  furface  may 
juft  adhere,  let  it  then  be  fet  by  in  a dry  place 
for  two  or  three  weeks  and  it  is  ready  for  ufe. 
In  fuch  a crucible  above  two  hundred  fufions, 
according  to  Scheffer,  may  be  performed  in  fafety. 

The  gold  alloy  being  melted  in  the  crucible, 
there  is  thrown  in  at  two  or  three  different 
times,  about  twice  its  weight  of  coarfely  pul- 
verized fulphuret  of  antimony  : at  each  addition; 
the  mixture  froths  and  fwells  up  fo  that  the 
crucible  muft  be  large  in  proportion  to  the 
quantity  contained ; and  efpecial  care  muft  be 
taken  to  prevent  any  pieces  of  charcoal  from 
falling  in,  as  this  would  infallibly  caufe  the 
melted  matter  to  run  over.  If  the  purity  of 
the  gold  as  previoufly  found  by  the  affay  is  lefs 
than  1 6 carats,  the  crude  antimony  before  it  is 
added  fhould  be  melted  with  about  a fourth  of 
its  weight  of  common  fulphur,  by  which  too 
large  an  addition  of  antimony  to  the  gold  is 
avoided.  As  foon  as  the  mixture  fparkles  on 
the  furface  and  is  perfe£lly  fluid,  it  muft  be 
poured  into  a melting  cone  previoufly  heated 
and  greafed,  and  a tremulous  motion  by  con- 
tinued flight  blows  muft  be  communicated  t& 
the  mould  to  promote  the  fettling  of  the  precious. 


GOL 


G OL 


( 526  ) 


metal.  When  the  matter  in  the  cone  is  become 
folid,  it  may  eafily  be  got  out  by  inverting  the 
cone  and  giving  it  a few  blows  in  this  fituation  : 
it  will  be  found  to  confift  of  a reguline  mafs  of 
gold  and  antimony  covered  by  a fcoria  compofed 
of  the  former  alloy  of  the  gold  united  to  the 
fulphur  of  the  antimony.  The  gold  however 
ftill  retains  a little  of  its  alloy,  and  in  confe- 
quence  requires  to  be  again  melted  a fecond  or 
even  a third  or  fourth  time  with  the  fame  quan- 
tity of  fulphuret  of  antimony.  From  thefe  laft 
fufions  the  gold  receives  only  a flight  addition 
of  antimony,  as  this  metal  unites  with  it  only  in 
proportion  as  it  is  deprived  of  its  own  fulphur 
by  the  fmall  portion  of  alloy  yet  remaining  in 
the  gold.  Thel'e  proceffes  being  duly  performed, 
the  antimony  is  to  be  feparated  in  the  manner 
already  defcribed  and  the  gold  remains  perfe&ly 
pure.  Where  the  proportion  of  antimony  is 
conflderable,  it  is  likely  that  its  feparation  from 
the  gold,  which  is  ulually  a tedious  bufinefs, 
might  be  expedited  by  a judicious  fufion  with 
fulphur,  which  converting  part  of  the  antimony 
into  fulphuret  would  caufe  its  fpontaneous  fepa- 
ration from  the  reft.  The  metals  from  which 
gold  may  be  purified  with  particular  advantage 
by  means  of  antimony  are  iron,  copper,  tin, 
lead  and  filver. 

Separation  of  a fmall  quantity  of  Gold  from  a 
large  quantity  of  Copper. 

In  old  gilt  copper  wire,  button-makers’  clip- 
pings, and  auriferous  copper  from  Japan  and 
other  places,  although  the  proportion  of  precious 
metal  is  too  great  to  be  negle£ted,  yet  it  is  by 
no  means  fufficiently  large  to  admit  of  feparation 
by  the  cupel  or  by  fulphuret  of  antimony.  The 
procefs  of  eliquation,  or  of  fufing  the  copper 
with  a large  quantity  of  lead,  and  then  expofing 
the  mixture  to  a heat  capable  of  melting  out 
this  latter  while  the  former  ftill  continues  folid, 
although  pratftifed  with  fuccefs  in  the  feparation 
of  filver  from  copper  has  been  repeatedly  at- 
tempted in  vain  for  the  extra£fion  of  gold. 
But  the  following  method,  firft  publifhed  by 
Alonzo  Barba,  may  on  this  occafion  be  refortcd 
to  with  good  effect. 

Let  the  copper  be  firft  melted  and  granulated 
by  being  poured  into  water ; then  heat  the 
metal  red-hot  in  a crucible,  and  project  on  it  at 
different  times  portions  of  common  fulphur  till 
the  whole  becomes  black  and  brittle;  then  reduce 
it  in  a mortar  or  by  any  other  convenient  way 
to  a fine  powder  and  fubjedl  it  to  amalgamation 
in  the  fame  manner  as  the  proper  ores  of  gold ; 
the  mercury  will  diffolve  out  the  whole  of  the 
latter -xpetal  without  exerting  the  leaft  adlion  on 


the  fulphuret  of  copper,  which  may  afterwards 
be  brought  to  the  malleable  metallic  ftate  by 
roafting  and  fufion,  as  already  deicribcd  in  the 
article  copper. 

There  is  another  method  however  ftill  more 
advantageous  which  may  be  employed  for  this 
purpofe.  Equal  weights  of  fulphur  and  litharge 
are  to  be  mixed  together  and  combined  by  hafiy 
fufion  into  a black  fparkling  mafs:  the  gold- 
holding copper  being  then  melted,  the  fulphur- 
etted  lead  is  thrown  in  by  fmall  quantities  at  a 
time  till  its  amount  nearly  equals  that  of  the 
copper.  All  the  ingredients,  in  confequence 
of  the  lead  being  in  the  ftate  of  oxyd,  unite 
together  into  an  uniform  mafs.  When  the 
whole  is  in  compleat  fufion  fome  finely  pulver- 
ized charcoal  is  added  at  two  or  three  feveral 
times,  being  carefully  ftirred  in  with  a piece  of 
ftrong  copper  wire.  The  charcoal  immediately 
deoxygenates  the  lead,  which  finking  to  the  bot- 
tom in  its  metallic  form,  draws  with  it  the- 
whole  of  the  gold  alfo,  leaving  a fcoria  of  ful- 
phuretted  copper  floating  on  its  l'urface.  The  gold 
is  afterwards  freed  from  the  lead  by  cupellation. 

This  fame  procefs  might  no  doubt  be  applied 
to  the  feparation  of  gold  from  iron. 

Separation  of  gold  from  Silver. 

If  the  proportion  of  gold  is  very  fmall,  the 
beft  wray  of  feparating  it  from  the  filver  is  by 
means  of  fulphur.  For  this  purpofe  the  alloy  is 
melted,  and  granulated  by  being  poured  into 
cold  water  kept  conftantly  in  agitation  by  a 
wdeker  brufli  or  rod.  Of  the  granulated  metal 
from  an  eighth  to  a fifth  is  referved,  and  the 
reft  is  well  mingled  wdth  about  an  eighth  of  its 
weight  of  pulverized  fulphur,  wrhich  readily 
adheres  to  the  moift  grains.  This  mixture  is 
put  into  a covered  crucible  and  gently  heated 
for  fome  time,  that  the  metal  may  be  thorough- 
ly penetrated  by  the  fulphur : wdien  this  is 
effected,  the  fire  is  to  be  raifed,  and  the  mafs 
brought  into  fufion.  In  thefe  circumftances  it 
might  be  thought  that  the  gold,  on  account  of 
its  great  fpecific  gravity,  having  alfo  no  affinity 
with  fulphuretted  filver,  would  fall  in  drops  to 
the  bottom  of  the  crucible,  and  there  unite  into 
a mafs  by  itfelf.  This  however  is  not  the  cafe; 
the  fulphuretted  filver  forms  a tough  vifeous 
fluid,  in  confequence  of  which  the  minute 
grains  of  gold  are  prevented  from  fubfiding. 
When  therefore  the  mafs  has  been  in  full  fufion 
about  an  hour,  fo  that  the  fulphur  is  compleatly 
united  with  the  filver,  and  any  accidental  excels 
of  it  has  burnt  off,  one  third  of  the  refervea 
filver  in  grains  is  added,  and  as  foon  as  melted 
is  ftirred  with  a wooden  rod  in  order  to  mix  |t 
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very  accurately  with  the  other  materials  and 
thus  bring  it  in  conta£fc  with  the  gold  with 
which  it  immediately  combines.  After  another 
hour  of  fufion,  a like  quantity  of  grained  filver  is 
again  added,  and  an  hour  after  this  the  remaining 
third.  The  crucible  is  now  kept  carefully 
covered,  and  at  a pretty  high  temperature  for 
about  three  hours,  its  contents  being  well 
ftirred  up  from  the  bottom  at  lead  once  every 
half  hour.  At  the  end  of  this  time  the  furface 
of  the  mafs  inftead  of  exhibiting  the  dark  brown 
colour  of  fulphuretted  filver,  will  have  become 
whitifh  in  confequence  of  the  efcape  of  part  of 
the  fulphur,  and  fome  bright  white  drops  of 
melted  filver  of  the  fize  of  peas  will  alfo  appear. 
The  matter  mull:  now  be  poured  into  a greafed 
cone  with  the  ufual  precautions,  and  when  cold 
will  be  found  to  eonfift  of  a mafs  of  fulphuretted 
filver,  reding  upon  a white  metallic  button 
about  equal  in  weight  to  the  added  filver,  and 
containing  the  whole  of  the  gold  that  was  at 
fird  mixed  with  the  entire  mafs.  If  the  ful- 
phuretted filver  retains  any  gold,  this  may  be 
feparated  by  fufion  in  an  open  crucible:  part  of 
the  fulphur  burns  off",  and  a correfponding 
quantity  of  filver  is  reduced  to  the  metallic 
date:  this  being  mixed  with  the  red  by  being 
carefully  and  repeatedly  dirred  with  a piece  of 
dick  will  attra£f  the  whole  of  the  gold  remain- 
ing in  the  filver  that  is  dill  fulphuretted,  and 
being  poured  into  a cone  will  collect  in  one 
mafs  at  the  bottom. 

The  gold-holding  filver  colIe£led  in  thefe  two 
operations  being  melted  and  granulated,  is  fub- 
je£ted  to  one  or  more  repetitions  of  the  fame 
procefs  till  the  filver  that  is  left  contains  a dif- 
fident quantity  of  gold  to  make  it  worth  while 
to  proceed  to  parting  by  aqua  fortis  It  is 
poffible  indeed  to  feparate  nearly  the  whole  of 
the  filver  by  means  of  fulphur,  but  when  the 
filver  comes  to  be  rich  in  gold,  the  fulphuretted 
filver  always  takes  up  a portion  of  it  which  is 
not  feparable  again  entirely  without  repeated 
fufions,  fo  that  when  the  gold  amounts  to  a 
twentieth  of  the  filver,  it  is  fcarcely  advanta- 
geous to  attempt  a further  purification  by  means 
of  fulphur. 

It  appears  from  various  experiments  that  the 
affinity  of  gold  for  copper,  and  of  filver  for 
lead  is  confiderably  greater  than  that  which 
fubfids  between  gold  and  filver,  and  upon  this 
is  founded  a very  ingenious  and  economical 
method  of  feparating  the  gold  from  old  gilt  lace 
or  filver  wire,  which  has  been  pra&ifed  in 
Saxony  to  a confiderable  extent.  The  metal 
being  granulated,  one  fixteenth  of  it  is  mixed 


with  half  its  weight  of  litharge,  and  one  eighth 
of  fandiver,  and  is  named  the  precipitating  mix- 
ture: the  next  is  mingled  with  an  eighth  of 
pulverized  fulphur,  and  is  brought  into  fufion 
in  the  fame  manner  as  already  del'cribed.  When 
the  fufion  is  compleat,  which  is  known  by  a 
kind  of  fladiing  at  its  furface,  half  of  the  pre- 
cipitating mixture  is  added  at  three  different 
times,  with  an  interval  of  about  five  minutes 
between  each,  and  the  fufion  is  then  continued 
about  ten  minutes  longer.  Part  of  the  fulphu- 
retted filver  is  then  laded  out  with  a final  1 
crucible  made  red  hot,  and  the  remainder  being 
poured  into  a melting  cone,  there  fubfides  to 
the  bottom  a quantity  of  metallic  filver  com- 
bined with  the  greater  part  of  the  gold.  The 
fulphuretted  filver  being  again  melted,  the  re- 
mainder of  the  precipitating  mixture  is  added 
in  the  fame  manner  as  at  firft,  and  a fecond 
portion  of  gold  holding  filver  is  thus  procured. 
The  fulphuret  ftill  retains  a fmall  quantity  of 
gold,  in  confequence  of  which  it  is  a third  time 
fufed,  and  a precipitating  mixture,  equal  in 
weight  to  the  preceding,  but  compofcd  of  an 
alloy  of  equal  parts  of  copper  and  lead,  is 
added,  by  which  a third  precipitate  of  gold- 
holding filver  is  thrown  down,  and  the  fulphu- 
ret has  now  loll  all  its  gold. 

The  feveral  metallic  mafles  thus  procured  are 
melted  with  an  eighth  part  of  lead,  then  gra- 
nulated, and  fubje£ted  to  exactly  the  fame 
treatment  by  fulphur  and  the  precipitating  mix- 
tures as  at  firft.  T he  filver  thus  obtained 
being  now  very  rich  in  gold  is  granulated, 
mixed  with  a fixteenth  of  fulphur,  and  kept  in 
fufion  for  about  half  an  hour,  without  the  ad- 
dition of  any  precipitant:  being  poured  into  a 
cone,  the  fulphuret  is  feparated  from  the  metal, 
and  this  laft  is  treated  twice  or  thrice  more 
with  fulphur  in  the  fame  manner.  The  metal- 
lic button  which  now  begins  to  exhibit  a yellow 
colour,  is  melted  with  a fixteenth  of  copper, 
then  granulated  and  mixed  with  a fixteenth  of 
fulphur:  this  mixture  being  firft  gently  heated 
in  a covered  crucible,  and  then  fufed  for  about 
a quarter  of  an  hour,  is  poured  into  a cone,  at 
the  bottom  of  which  the  gold  is  found,  of  a 
brafs  colour,  and  about  eighteen  carats  fine.  Its 
purification  is  then  compleated  by  fulphuret  of 
antimony,  as  we  have  already  deferibed. 

When  gold  and  filver  are  alloyed  together  in 
fuch  proportions  that  the  former  of  thefe  metals 
is  not  much  lefs  than  a fixteenth,  nor  greater 
than  a fourth  of  the  whole  mafs,  thd  ufual 
method  of  feparating  them  is  by  means  of 
nitrous  acid,  or  aquafortis.  The  operation  is 
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technically  called  parting.,  and  differs  from  the 
procefs  defcribed  under  the  fame  name  in  the 
article  Assay  only  in  being  performed  in  larger 
quantities,  and  without  fome  of  thofe  nice  mani- 
pulations which  are  abfolutely  neceffary  to  the 
accuracy  of  an  affay. 

Silver  is  readily  diffolved  in  nitrous  acid, 
while  gold  in  ordinary  cafes  is  not  at  all  attack- 
ed by  this  menftruum:  in  confequence  of  which 
when  this  latter  metal  amounts  to  one  third  of 
the  mafs,  it  combines  with  and  prote&s  by  its 
own  infolubility  a portion  of  the  filver  from  the 
a£tion  of  the  acid:  hence  the  neceffity  of  avoid- 
ing too  large  a proportion  of  gold  in  the  alloy. 
On  the  other  hand,  as  the  expence  of  nitrous 
acid  is  confiderable,  it  is  requifite  that  the 
filver  thould  be  rich  in  gold,  to  render  this 
procefs  which  is  very  convenient  on  many  ac- 
counts, alfo  economical.  The  refiner  there- 
fore will  be  careful  not  to  ufe  pure  filver,  but 
fuch  as  contains  a little  gold,  in  lowering  the 
finenefs  of  fuch  as  is  too  rich  in  gold  to  be 
fuccefsfully  parted  by  itfelf,  and  by  every  other 
contrivance  will  ftudy  to  employ  no  more  acid 
than  is  abfolutely  neceffary. 

A proper  fele&ion  being  made  of  poor  and 
rich  ingots  of  mixed  metal,  the  whole  is  melted 
in  an  iron  crucible,  and  well  mixed  by  repeated 
ftirring:  it  is  then  laded  out  by  a clean  iron 
ladle,  and  granulated  by  being  poured  into  cold 
water.  The  glaffes  in  which  the  parting  is 
performed,  thence  called  parting  glaffes,  are 
nearly  of  the  figure  of  a truncated  cone  with  a 
rounded  bottom,  about  twelve  inches  high,  and 
feven  inches  wide  at  the  lower  extremity:  ef- 
pecial  care  muff  be  taken  in  the  choice  of  them, 
that  they  are  without  flaws  of  any  kind,  well 
annealed,  and  of  an  equal  thicknefs  throughout. 
Each  glafs  is  to  be  charged  with  about  forty 
ounces  of  metal,  to  which  is  added  nitrous 
acid,  already  half  faturated  with  filver,  in  fuch 
quantity  as  to  (land  two  or  three  fingers’ 
breadth  above  the  furface  of  the  metal.  Twen- 
ty or  more  of  thefe  glaffes  are  placed  in  a 
fand-bath,  and  a moderate  heat  is  applied, 
gradually  increafing  till  by  the  time  that  the 
acid  is  faturated,  it  is  nearly  boiling.  The 
nitrat  of  filver  being  now  decanted  off,  a frefh 
quantity  of  ftronger  acid  is  added  and  is  boiled 
on  the  metal  till  it  is  nearly  faturated:  by  this 
time  almoft  the  whole  of  the  filver  is  taken  up, 
and  the  undiffolved  refidue  appears  like  a heavy 
brown  mud,  confiding  of  the  gold  divided  into 
very  fine  particles,  and  a little  filver.  The  nearly 
faturated  acid  is  now  poured  off,  and  replaced 
by  a third  portion  of  ftill  ftronger  pure  nitrous 


acid:  this  is  made  to  boil,  and  is  continued  at 
the  fame  temperature  till  the  production  of 
nitrous  gas  ceafes  and  the  bubbles  become  large, 
which  is  a fign  that  the  whole  of  the  filver  is 
diffolved.  The  acid  being  poured  out  and  re- 
ferved  for  the  firft  part  of  a future  fimilar 
procefs,  the  gold  is  wafhed  with  repeated  por- 
tions of  hot  water,  till  the  wafhings  give  no 
ftain  to  a piece  of  poliihed  copper  on  being 
dropped  on  its  furface.  The  edulcorated  gold- 
powder  being  dried,  is  mixed  with  a little  nitre 
and  borax  and  melted;  and  is  then  perfe&ly 
pure.  The  unfaturated  nitrat  of  filver  is  referved 
for  the  next  parting:  that  which  is  faturated  is 
poured  boiling  hot  into  a large  wooden  bowl 
lined  with  copper,  and  in  which  are  laid  feveral 
copper  plates:  upon  thefe  the  filver  is  precipitated 
in  the  metallic  ftate  in  confequence  of  the  fu- 
perior  affinity  of  the  acid  for  copper:  the  plates 
are  from  time  to  time  cleared  of  their  filver 
cruft,  in  order  to  expofe  a frelh  furface  to  the 
acid,  and  expedite  the  entire  decompofition  of 
the  nitrat  of  filver:  this  being  effected,  the  nitrat 
of  copper  is  poured  off,  the  plates  are  fcraped, 
and  the  filver  after  edulcoration,  is  melted  with 
a little  nitre,  and  is  thus  obtained  pure.  If  the 
nitrat  of  filver  be  perfe&ly  neutralized,  its  de- 
compofition by  copper,  goes  on  {lowly  and 
imperfeClly:  this  inconvenience  is  however  at 
once  removed  by  the  addition  of  a very  few 
drops  of  nitrous  acid.  In  proportion  as  the 
quantity  of  copper  in  the  acid  increafes,  and 
that  of  the  filver  diminifhes,  the  remaining 
nitrat  of  filver  requires  more  time  and  a greater 
heat  to  be  decompofed,  and  even  after  long 
continued  boiling  with  copper,  a folution  of 
any  of  the  neutral  muriats  will  throw  down  a 
white  precipitate  of  muriated  filver:  it  would 
appear  therefore  to  be  a faving  both  of  time  and 
expence,  when  the  aCtion  of  the  copper  begins 
to  be  languid,  to  throw  down  the  remainder  of 
the  filver  by  an  addition  of  common  fait.  The 
nitrat  of  copper  obtained  in  the  procefs  of 
parting,  is  turned  to  good  account  by  being 
employed  in  the  preparation  of  Verditer,  (fee 
Copper,  p.  336.)  and  from  the  nitrat  of  lime 
refulting  from  this  laft,  the  acid  is  again  pro- 
cured by  diftillation  in  the  ufual  manner  with 
green  vitriol  or  fulphuric  acid. 

Separation  of  Gold  from  Platina. 

Platina  being  like  gold  one  of  the  perfeCl 
metals,  that  is,  unoxydable  by  fimple  expofure 
to  heat  and  air,  cannot  be  got  rid  of  by  cupelia- 
tion  ; nor  can  any  of  the  various  methods  in 
which  fulphur  or  a fulphuretted  metal  is  em- 
ployed as  the  precipitant,  be  made  ufe  of  with 
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fuccefs,  for  platina  Teems  to  have  at  lead  as 
little  affinity  for  fulphur  as  gold  itfelf  has. 

Mercury  although  capable  of  combining  both 
with  gold  and  platina,  unites  with  the  former 
much  more  readily  than  with  the  latter  : upon 
this  fa£t  is  founded  a method  of  feparating 
thefe  metals,  which  though  imperfect,  may 
be  advantageoufly  applied  as  a preparatory  pro- 
cefs.  When  the  gold  contains  fo  large  a pro- 
portion of  platina  as  to  be  brittle,  it  mult  be 
pulverized  in  a mortar ; but  if  the  alloy  is 
du&ile,  it  mull  be  reduced  to  fmall  pieces  by 
granulation.  This  being  done,  fome  mercury, 
feven  or  eight  times  the  weight  of  the  alloy,  is  to 
be  heated  to  ebullition  in  an  iron  crucible,  and 
the  alloy,  previoully  made  red  hot,  is  to  be 
dropped  into  it,  and  the  whole  kept  in  digeftion 
nearly  at  the  boiling  point  for  half  an  hour. 
The  mixture  being  then  emptied  into  an  iron 
mortar  and  covered  with  hot  water,  is  to  be 
carefully  triturated  for  fome  hours,  renewing 
the  water  from  time  to  time  : by  this  means  the 
gold  will  combine  with  the  mercury,  and  a 
confiderable  proportion  of  the  platina  will  rife 
to  the  furface  of  the  amalgam  in  the  form  of 
a black  powder,  which  may  readily  be  feparated. 
When  by  this  means  the  alloy  is  purified  as 
much  as  poffible,  the  fuperfluous  mercury  is 
feparated  by  ftraining  through  a leather  in  the 
ufual  way,  and  the  ftifF  amalgam  is  freed  from 
the  refidual  mercury  by  diftillation. 

The  gold  ftill  holding  a little  platina,  is  now 
melted  with  thrice  its  weight  of  filver,  and 
the  mixture  being  granulated,  is  parted  with 
aquafortis  in  the  manner  already  defcribed. 
Now  it  is  a lingular  circumftance  that  although 
platina  by  itfelf,  or  even  mixed  with  gold  is 
perfectly  infoluble  in  nitrous  acid,  yet  when 
combined  with  a large  proportion  of  filver,  it 
is  perfectly  foluble  in  this  menftruum,  giving 
it  a dark-yellowilh  brown  tinge.  h When  there- 
fore this  triple  alloy  is  digefted  in  nitrous  acid, 
the  filver  and  platina  difiolve,  leaving  the  gold 
behind.  Of  the  gold  thus  feparated  and  care- 
fully wafhed,  a few  grains  muft  be  again  melted 
with  thrice  their  weight  of  filver,  and  treated 
with  nitrous  acid,  in  order  to  afcertain  whether 
the  platina  is  entirely  got  rid  of  •,  for  if  it  con- 
tains { per  cent,  or  even  lefs,  the  acid  inftead 
of  being  colourlefs,  will  be  very  fenfibly  tinged, 
in  which  cafe  the  procefs  muft  be  again  repeated 
on  the  whole  : this  however  is  fcarcely  ever 
necefiary  where  the  previous  trituration  with 
mercury  has  been  carefully  performed.  The 
filver  contained  in  the  nitrous  folution,  together 


with  the  platina,  cannot  be  feparated  by  copper 
as  is  ufual  in  common  parting,  becaufe  fome  of 
the  platina  would  be  precipitated  at  the  fame 
time  ; but  if  a folution  of  common  fait  is  had 
recourfe  to,  the  filver  will  be  thrown  down  in 
the  ftate  of  muriat,  and  the  platina  will  remain 
in  folution. 

Another  and  more  compendious  method  of 
feparating  gold  from  platina,  is  to  diffiolve  the 
alloy  in  nitro-muriatic  acid,  and  to  throw  down 
the  gold  by  the  addition  of  carbonat  of  foda,  or 
a large  quantity  of  green  fulphat  of  iron,  neither 
of  which  will  at  all  decompofe  the  folution  of 
platina : the  gold  when  precipitated  is  to  be 
dried,  mixed  with  a little  nitre  and  borax,  and 
fufed,  after  which  it  will  be  in  a ftate  of  abfo- 
lute  purity. 

Purification  of  Gold  by  Cementation. 

A very  few  words  are  necefiary  on  this  fub- 
je£t,  as  the  procefs  is  now  we  believe  wholly 
obfolete.  It  has  been  already  mentioned  that 
nitrous  acid  is  incapable  of  adding  upon  a fmall 
quantity  of  filver  or  copper  or  other  metals, 
by  which  gold  may  happen  to  be  alloyed,  where 
the  proportion  of  this  latter  is  fo  great  as  to 
cover  and  envelope  the  particles  of  alloy.  This 
takes  place  however  only  when  the  acid  is  liquid, 
and  applied  at  a temperature  not  exceeding  that 
of  ebullition : at  a greater  heat  a much  larger 
proportion  of  gold  is  required  to  prevent  the 
adlion  of  the  acid  on  the  bafe  metal,  fo  that 
by  perfeverance  and  judicious  management  the 
gold  may  be  obtained  nearly  pure.  The  procefs 
by  which  this  is  effedted  is  called  cementation, 
and  is  thus  performed. 

Take  the  impure  gold  and  beat  or  laminate 
it  till  it  is  fomewhat  thinner  than  a guinea  ; 
then  heat  it  red  hot,  and  allow  it  to  cool 
flowly,  that  it  may  be  as  foft  as  poffible  j feledb 
a found  cementing  pot,  which  is  an  earthen 
veflel  fiiaped  like  a low  hollow  cylinder  clofed 
at  one  end,  and  cover  its  bottom  to  the  heighth 
of  about  a finger’s  breadth,  with  a cement  com- 
pofed  of  one  part  of  nitre,  two  parts  of  calcined 
fulphat  of  iron,  and  two  parts  of  powdered 
tiles  ground  together  to  a fine  powder,  and 
moiftened  with  urine ; upon  this  cement  place 
a fingle  layer  of  gold  plate,  then  another  layer 
of  cement,  and  fo  on  alternately  till  the  pot  is 
full,  obferving  that  the  upper  as  well  as  the 
under  layer  is  of  cement  5 then  lute  on  very  ac- 
curately a cover,  and  place  the  pot  in  a furnace, 
fo  that  it  may  be  kept  at  a moderate  red  heat  for 
twenty-four  hours,  care  being  taken  not  to  in- 
creafe  the  temperature  fo  as  to  endanger  the 
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fufion  of  the  gold.  At  this  heat  the  metal 
being  foftened,  and  the  acid  being  liberated  in  a 
very  adtive  ftate,  the  gold  is  penetrated  more  or 
lefs  by  it,  and  the  filver  and  other  metals,  ex- 
cept platina,  that  the  gold  may  contain  are  cor- 
roded and  oxydated.  When  the  pot  is  removed 
from  the  fire,  it  muft  be  carefully  unpacked, 
and  the  gold  plates  boiled  firft  in  water  and 
then  in  dilute  nitrous  acid,  by  which  they  will 
be  feparated  from  the  metallic  fait  and  oxyd, 
and  will  be  found  when  allayed  to  be  confidera- 
bly  purer  than  at  firft.  Every  repetition  of  the 
procefs  renders  the  gold  purer,  but  in  a de- 
creafing  ratio  •,  fo  that  it  is  not  worth  while  to 
perfevere  in  it  longer  than  four  or  five  times. 

If  common  firlt  is  fubftituted  to  nitre  in  the 
cement  mentioned  above,  muriatic  acid  gas  will 
be  liberated  inftead  of  nitrous  acid,  and  will  be 
found  to  be  equally  efficacious,  adding  only  on 
the  alloy  of  the  gold  ; but  care  muft  be  taken 
not  to  employ  both  nitre  and  muriat  of  foda  in 
the  fame  cement,  otherwife  nitro-muriatic  acid 
will  be  produced,  and  the  gold  as  well  as  the 
alloy  will  be  corroded. 

The  only  purpofe  to  which  cementation  is 
now  applied,  is  to  give  a fuperficial  and  there- 
fore in  fome  meafure  fraudulent  finenefs  to  gold 
highly  alloyed. 

§ 5.  Phyfical  properties  of  Gold,  and  preparation 
of  Gold-leaf  and  Gilt-wire . 

The  colour  of  pure  gold  by  reflected  light  is  a 
full  bright  yellow,  verging  on  one  hand  towards 
orange,  and  on  the  other  towards  brafs-yel- 
low  : it  is  remarkable  that  gold  fufed  with  borax 
becomes  confiderably  paler  than  ufual,  and  on 
the  other  hand  when  fufed  with  nitre,  it  becomes 
more  highly  coloured,  without  any  other  per- 
ceptible change  being  induced  by  either  of  thefe 
falts  : hence  as  this  metal  is  reckoned  beautiful 
in  proportion  to  the  fullnefs  and  brilliancy  of 
its  colour,  the  borax  flux  ufed  by  the  goldfmiths 
is  generally  mixed  with  a fufficient  quantity  of 
nitre  to  counterbalance  its  difcolouring  pro- 
perty. The  colour  of  gold  when  in  high  fufion 
is  blueiffi-green,  of  nearly  the  fame  tint  with 
that  of  gold  by  tranfmitted  light : this  latter 
may  conveniently  be  obferved  by  laying  a leaf  of 
gold  between  two  thin  plates  of  colourlefs  glafs, 
and  holding  it  between  the  eye  and  a ftrong  light. 

The  fpecific  gravity  of  gold  is  only  inferior 
to  that  of  platina  : with  regard  to  its  precil'e 
amount  a confiderable  variation  may  be  ob- 
ferved on  comparing  the  reports  of  different 
authors,  one  ftating  it  as  high  as  20.  and  another 
as  low  as  18.75-  This  difference  is  no  doubt 


in  part  attributable  to  flight  impurities  in  the 
gold  itfelf,  partly  alfo  to  imperfe&ion  in  the 
balances  made  ule  of,  to  differences  of  tempe- 
rature, to  the  gold’s  being  call  in  fand  or  metal, 
to  its  being  hammered  or  not,  and  to  other 
caufes  which  in  the  article  Alloy  we  have  briefly 
pointed  out,  as  aftedting  the  fpecific  gravity  of 
metallic  fubftances.  According  to  an  experi- 
ment by  Mr.  Ellicot,  whofe  accuracy  is  well 
known,  the  fpecific  gravity  of  an  ingot  of  gold 
refined  by  antimony,  was  19.184,  an^  °f 
the  fame  when  hammered,  = 19.207.  Accord- 
ing to  Lewis,  the  fpecific  gravity  of  fine  gold  at 
530  Fah.  amounted  to  19.376.  Briffon  reports 
the  fpecific  gravity  of  fine  gold  in  ingot  to  be 
= 19.258,  and  of  the  fame  when  hammered, 
— tg.^61. 

In  hardnefs  this  metal  ranks  fomewhat  above 
filver  and  below  copper.  It  is  extremely  flexible, 
and  fo  tough,  that  when  at  length  by  repeated 
bendings  it  is  made  to  break,  both  the  fradfured 
pieces  appear  terminated  by  a wedge-ffiaped 
extremity.  From  its  foftnefs  and  toughnefs  it 
receives  with  perfedt  exadtnefs  the  impreffion 
of  the  dies  in  coining,  and  for  the  fame  reafons 
it  does  not  file  freely,  clogging  up  the  teeth  of 
the  inftrument  in  a very  fhort  time.  It  poffeffes 
little  elafticity  or  fonoroufnefs.  It  receives 
great  brilliance  from  the  burniffier,  but  not  from 
the  adfion  of  poliffiing  powders.  It  is  inodo- 
rous and  infipid.  The  tenacity  of  gold  is  by  no 
means  fo  great  as  was  fuppofed  by  the  earlier 
chemifts  ; it  is  inferior  in  this  refpedl  to  iron, 
copper,  platina,  and  filver.  A wire  of  gold  T~ 
of  an  inch  in  diameter,  will  fupport  about  254lbs 
avoirdupois,  before  it  breaks.  It  is  extremely 
malleable  both  when  hot  and  cold,  and  very 
dudtile. 

In  confequence  of  the  high  commercial  value 
of  gold,  it  is  fcarcely  ever  employed  in  mafs, 
or  in  thick  plates  for  ornamental  purpofes,  but 
advantage  has  been  taken  of  its  remarkable  mal- 
leability to  reduce  it  into  leaves  of  an  almoft 
incredible  thinnefs,  fo  that  in  this  ftate  notwith- 
ftanding  its  high  fpecific  gravity,  it  will  float  in 
the  air  like  a feather.  Of  the  ingenious  art 
called  Gold-beating,  we  fhall  proceed  to  give  a 
ffiort  account.  5 

The  gold  feledled  for  this  purpofe  is  as  pure 
as  poffible ; the  quantity  ufed  at  one  time  by 
the  Englifli  artifts  is  two  ounces.  This  being 
melted  in  a black  lead  crucible  with  fome  borax, 
is  poured  into  an  iron  mould  previoufly  heated 
and  greafed,  by  which  it  is  formed  into  a plate 
fix  or  eight  inches  long,  and  three-quarters  of 
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an  inch  wide.  This  plate  is  heated  red  hot, 
in  order  to  burn  off  the  tallow,  and  is  then  ex- 
tended by  forging  on  an  anvil,  and  afterwards 
paffed  between  fteel  rollers,  till  it  becomes  a 
long  ribband  as  thin  as  paper.  The  ribband 
is  now  cut  into  150  equal  pieces,  each  of  which 
is  forged  on  an  anvil,  till  it  is  about  an  inch 
fquare,  after  which  they  are  well  annealed.  Each 
of  the  fquares  in  this  ftate  weighs  fix  grains  and 
four  tenths,  and  in  thicknefs  is  equal  to  of 
an  inch.  The  150  plates  of  gold  thus  produced, 
are  interlaid  with  pieces  of  very  fine  vellum 
about  four  inches  fquare,  and  about  twenty 
vellum  leaves  are  placed  on  the  outfides,  the 
whole  is  then  put  into  a cafe  of  parchment, 
over  which  is  drawn  another  fimilar  cafe,  fo 
that  the  packet  is  kept  clofe  and  tight  on 
all  fides.  Being  now  laid  on  a fmooth  block 
of  marble,  from  200  to  6oolbs.  in  weight,  the 
heavier  the  better,  the  workman  begins  the 
beating  with  a round-faced  fomewhat  convex 
hammer,  called  the  cutch  hammer,  weighing 
fixteen  pounds  ; the  packet  is  turned  occafio- 
nally  upfide  down,  and  beaten  with  ftrong  but 
not  acute  ftrokes,  till  the  gold  is  extended  nearly 
to  an  equality  with  the  vellum  leaves,  to  afcer- 
tain  which  the  packet  is  opened  from  time  to 
time,  and  alfb  bent  and  rolled  between  the 
hands  to  facilitate  the  extenfion  of  the  gold  be- 
tween the  leaves.  This  fir  ft  part  of  the  procefs 
being  compleated,  the  packet  is  then  taken  to 
pieces  and  each  leaf  of  gold  is  divided  into  four 
with  a fteel  knife ; the  600  pieces  thus  pro- 
duced are  interlaid  with  pieces  of  ox-gut,  of  the 
fame  dimenfions  and  in  the  fame  manner  as 
the  vellum.  The  beating  is  continued,  but 
with  a lighter  hammer  called  the Jhoddermg  ham- 
mer, and  weighing  about  twelve  pounds,  till 
the  gold  is  brought  to  the  fame  dimenfions  as 
the  interpofed  membrane.  It  is  now  again 
divided  into  four,  by  means  of  a piece  of  cane 
cut  to  an  edge,  the  leaves  being  by  this  time  fo 
light  that  any  accidental  moifture  condenfing 
on  an  iron  blade,  would  caufe  them  to  adhere 
to  it.  The  2400  leaves  hence  refulting  are 
parted  into  three  packets,  with  interpofed  mem- 
brane as  before,  and  beaten  with  the  finfhing 
or  gold  hammer,  weighing  about  ten  pounds, 
till  they  acquire  an  extent  equal  to  the  former. 
The  packets  are  now  taken  to  pieces,  and  the 
gold  leaves,  by  means  of  a cane  inftrument  and 
the  breath,  are  laid  flat  on  a leathern  cufhion, 
and  cut  one  by  one  to  an  even  fquare,  by  a cane 
frame  ; they  are  laftly  laid  in  books  of  25  leaves 
each,  the  paper  of  which  is  previoufly  fmoothed 
3nd  rubbed  with  red  bole,  to  prevent  them  from 


adhering.  Hence  it  appears  that  each  of  the 
inch-fquare^pieces,  into  which  the  ribband  of 
gold  was  divided,  is  extended  by  beating  to 
196  fquare  inches,  or  16  leaves,  weighing  0.4 
of  a grain  each,  and  not  exceeding  in  thicknefs 
ttsVtit  of  an  inch.  Every  grain  of  gold  fur- 
nilhes  30.6  fquare  inches. 

Gold  wire,  as  it  is  called,  is  in  fa£l  only 
filver  wire  gilt,  and  is  prepared  in  the  following 
manner.  A folid  cylinder  of  fine  filver  weigh- 
ing about  twrenty  pounds,  is  covered  with  thick 
leaves  of  gold  which  are  made  to  adhere  infe- 
parably  to  it  by  means  of  the  burnifher:  fuccef- 
five  laminae  are  thus  applied,  till  the  quantity 
of  gold,  if  intended  for  common  gold  wire, 
amounts  to  100  grains  for  every  pound  troy  of 
filver;  if  for  double  gilt  wire,  to  about  140 
grains.  This  gilt  filver  rod  is  then  drawn 
fucceflively  through  holes  made  in  a ftrong  fteel 
plate  till  it  is  reduced  to  the  fize  of  a thick 
quill,  care  being  taken  to  anneal  it  accurately 
after  each  operation.  The  fucceeding  procefs 
is  fimilar  to  the  former,  except  that  a mixed, 
metal  fomewhat  fofter  than  fteel  is  employed 
for  the  drawing  plates,  in  order  to  prevent  the 
gilding  from  being  dripped  off,  and  no  further 
annealing  is  requifite  after  it  is  brought  to  be  as 
flender  as  a crow-quill.  When  the  ware  is  fpun 
as  thin  as  is  neceflary,  it  is  wound  on  a hollow- 
copper  bobbin,  and  carefully  annealed  by  a very 
gentle  heat : finally  it  is  palled  through  a flatting 
mill,  and  the  procefs  is  compleat. 

According  to  Dr.  Halley,  fix  feet  in  length 
of  the  fined  gilt  wire  before  flatting,  will 
counterpoife  no  more  than  a grain:  and  as  the 
gold  is  not  quite  -y?  of  the  whole,  a Angle 
grain  of  gold  thus  extended  will  be  345.6  feet 
long.  By  the  operation  of  flatting,  the  length 
of  the  wire  is  increafed  about  a feventh,  and 
its  width  is  equal  to  of  an  inch:  hence  the 
furface  occupied  by  one  grain  is  equal  to  98.7 
fquare  inches,  with  a thicknefs  of  °f 

an  inch. 

§ 6.  Chemical  properties  of  gold. 

Gold  requires  for  its  fufion  a low  white 
heat  equivalent  to  3 2°  of  Wedgwood,  or  1300 
of  Fahrenheit,  and  in  this  ftate  its  furface 
appears  of  a luminous  blueilh  green  colour. 
It  expands  lefs  than  molt  metals  by  any  addition 
of  heat  as  long  as  it  continues  folid,  but  is 
enlarged  more  than  any  other  during  its  paffage 
from  folidity  to  fluidity,  hence  it  is  peculiarly 
unfitted  to  take  a fharp  impreflion  from  calling, 
and  hence  alfo  it  is  very  apt  to  prove  brittle  if 
fuddenly  congealed,  as  by  pouring  into  a cold 
mould.  When  divided  into  fmall  parts,  as 
3x2 
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filings,  and  heated,  although  each  particle  is 
perfectly  fluid,  it  is  extremely  difficult  to  make 
them  unite  into  one  mafs  without  having  re- 
course to  Some  Saline  flux,  and  none  is  So 
efficacious  for  this  purpofe  as  borax,  which 
accordingly  is  employed  by  the  goldfmiths  on 
all  occafions,  even  when  apparently  it  is  not  at 
all  wanted.  If  cooled  very  flowly  it  Shews  a 
Strong  tendency  to  crystallization  in  the  appear- 
ance of  brilliant  facets  on  its  Surface  like  the 
petals  of  a flower,  and  by  pouring  off  the  fluid 
part  when  it  is  half  congealed,  it  may  be 
obtained  in  Short  tetrahedral  prifms.  No  vapour 
arifes  from  gold  when  in  fufion,  and  its  remark- 
able fixity  is  proved  by  Kunckel  who  kept  a 
quantity  for  almoSt  thirty  weeks  in  the  high 
temperature  of  a glafs-houfe  furnace  without 
the  lofs  of  a Single  grain,  or  any  other  alteration. 
When  a fmall  portion  however  is  expofed  in  the 
focus  of  a very  powerful  lens,  or  fubjedted  to 
the  adtion  of  a Stream  of  oxygen  gas,  it  is  vola- 
tilized unaltered  and  will  gild  a plate  of  Silver 
held  over  it. 

The  poffibility  of  altering  gold  by  expofure 
to  heat  and  air  has  long  been  a Subject  of 
controverfy,  nor  do  modern  chemilts  feem  by 
any  means  agreed  on  this  point:  there  appears 
however  no  good  reafon  to  doubt  that  gold  may 
be  thus  oxydated  by  particular  management, 
though  many  of  the  fadts  ufually  brought  in 
proof  of  it,  are  without  queftion  erroneous. 
Homberg  affirms  that  a fmall  quantity  of  gold 
placed  upon  charcoal  and  fubjedted  to  die  adtion 
of  a very  powerful  lens,  began  to  fmoak,  and  was 
in  part  vitrified.  Of  the  fadt  there  is  no  reafon  to 
doubt,  but  the  vitrefied  portion  in  all  probability 
confifted  of  the  afhes  of  the  charcoal,  coloured 
by  fome  of  the  alloy  of  the  gold,  as  indeed  was 
the  opinion  of  fome  of  the  affiftants  at  this  very 
experiment.  We  have  already  cited  the  testi- 
mony of  Kunckel  to  Show  the  unalterability  of 
gold,  by  the  continued  action  of  a high  tem- 
perature, but  the  fame  chemift  affures  us,  that 
this  metal  when  prepared  in  a particular  way, 
and  expofed  in  fine  powder  to  the  adtion  of  a 
reverberatory  furnace  not  Sufficiently  hot  to 
melt  it,  is  at  length  converted  into  an  irreduci- 
ble calx.  It  appears  likely,  that  the  preparation 
here  alluded  to,  was  alloying  the  metal,  proba- 
bly with  tin:  for  in  this  Slate  it  is  pulverizeable, 
and  by  a treatment  Similar  to  the  one  here 
mentioned,  is  entirely  convertible  into  a fpungy 
oxyd  of  a purple  colour,  and  difficult  reduction. 
This  cffedt  of  the  tin  does  not  appear  to  be 
cv.  ing  to  any  chemical  action  on  the  gold,  but 
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merely  to  its  Separating  the  particles  of  this 
metal  from  each  other,  in  which  Slate  it  is 
reducible  into  a purple  oxyd  without  much 
difficulty:  for  “if  gold  leaf  be  divided  by  grind- 
“ ing  with  an  admixture  of  earthy  powders,  as 
“ calcined  hartShorn  and  chalk,  or  with  faline 
“ ones  of  the  more  fixed  and  lefs  fufible  kind, 
“ as  vitriolated  tartar,  and  expofed  for  fixteon 
“ or  twenty  hours  to  a moderate  heat,  Scarce 
“ Sufficient  to  keep  the  veflel  red  hot:  the  gold 
“ wholly lofes  its  metallic  brightnefs,and  changes 
“ its  yellow  colour  to  a red  or  purple.  ” k 
From  this  mixture  the  fait  may  be  diffolved  out 
by  water,  or  the  chalk  by  a weak  acid,  and  the 
pure  oxyd  of  gold  remains  behind.  Gold  may 
in  like  manner  be  converted  into  a purple  oxyd 
by  a Slrong  difcharge  of  electricity,  as  is  mani- 
fest from  the  common  experiment  of  paffing  a 
Shock  through  gold-leaf  laid  between  two  plates 
of  glafs,  and  thus  tinging  the  glafs  purple;  and 
Still  more  decidedly  from  an  experiment  of 
Van  Marum,  in  which  a gold  wire  was  ignited 
by  eledtricity,  and  volatilized  with  a green 
flame;  the  vapour  being  condenfed,  proved  to 
be  the  purple  oxyd  of  gold.  The  relative  pro- 
portions of  the  two  ingredients  in  this  oxyd 
have  not  been  afcertained.  When  expofed  to  a 
full  red  heat  it  is  decompofed,  the  oxygen 
flying  off,  and  the  gold  in  its  metallic  State 
remaining  behind. 

If  gold  is  precipitated  by  a fixed  alkali  from 
its  folution  in  nitro-muriatic  acid,  a yellow 
oxyd  falls  down,  which  is  fuppofed  by  Dr. 
Thomfon  to  differ  from  the  purple  oxyd  in 
containing  a larger  proportion  of  oxygen:  no 
experiments  have  however  as  yet  been  institu- 
ted to  afcertain  this  point.  The  yellow  oxyd 
is  reducible  per  fe  with  the  fame  eafe  as  the 
other. 

Gold  in  its  metallic  Slate  appears  to  be  adted 
on  only  by  the  following  among  the  clafs  of 
acids,  viz.  the  nitric,  nitro-muriatic,  and  oxy- 
muriatic  acids. 

Pure  colourlefs  nitric  acid  is  incapable  of  dif- 
folving  reguline  gold  alfo  pure:  but  if  the  acid 
is  highly  charged  with  red  nitrous  vapour,  and 
in  this  Slate  is  digested  on  gold-leaf,  in  a retort 
or  other  clofe  veffel,  the  metal  is  readily  taken 
up.  This  fadt  was  firft  difcovered  by  Dr. 
Brandt  in  the  following  manner.  Wishing  to 
feparate  the  filver  from  an  alloy  compofed  of  1 6 
parts  of  filver  and  3 of  gold,  he  placed  the 
mixture  in  an  alembic  with  an  attached  receiver, 
and  boiled  on  it  fucceffive  portions  of  nitric 
acid,  increafing  the  Strength  of  it  as  he  proceed- 
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ed:  when  nearly  the  whole  of  the  filver  was 
feparatecl  by  this  means,  a freffi  quantity  of 
acid  was  added,  and  boiled  nearly  to  drynefs: 
this  refidue  being  mixed  and  boiled  with  more 
acid,  a yellow  coloured  liquor  was  obtained, 
holding  not  only  filver  but  gold  in  folution,  as 
was  evident  from  its  depofiting  a confiderabie 
quantity  of  this  latter  in  the  metallic  ftate,  when 
digefted  with  an  additional  portion  of  pure 
filver.  By  long  keeping,  part  of  the  gold 
feparated  fpontaneoufly  in  the  form  of  a brown 
powder,  but  much  (till  remained  in  folution  as 
long  as  the  external  air  was  excluded.  If  fome 
of  this  nitrat  of  gold  be  put  into  a vial  and  well 
fhaken,  fo  that  the  air  which  it  contains  is 
intimately  mingled  with  the  liquor,  the  gold 
according  to  an  obl'ervation  of  Scheffer  quickly 
and  entirely  feparates  from  the  acid. 

The  ufual  and  moll  powerful  folvent  of  gold 
is  nitro-muriatic  acid,  prepared  by  adding  to  two 
parts  of  ftrong  aquafortis,  one  of  fuming  mu- 
riatic acid,  or  one  half  part  of  common  fait,  or 
muriat  of  ammonia.  The  molt  economical, 
however,  and  upon  the  whole  the  bell  way  of 
diffolving  gold  in  this  acid,  is  to  put  the  gra- 
nulated metal  together  with  fix  times  its  weight 
of  nitric  acid,  into  a tubulated  glafs  retort  with 
a receiver  annexed:  the  contents  of  the  retort 
being  warmed  by  a lamp,  or  a pot  of  charcoal, 
a little  ftrong  muriatic  acid  is  to  be  poured  in: 
an  effervefcence  and  copious  extrication  of  ni- 
trous gas  will  take  place,  and  the  gold  will 
begin  to  be  a£ted  on:  as  foon  as  the  gas  ceafes 
to  be  produced,  a frefh  quantity  of  muriatic 
acid  is  to  be  added,  and  fo  on  till  the  gold  is 
diffolved.  The  liquor  being  now  made  to  boil, 
all  the  nitric  acid  which  has  efcaped  decom- 
pofition  will  diftil  over  almoft  entirely  unmixed 
with  muriatic  acid,  a little  of  which  laft  how- 
ever will  rife  towards  the  end  of  the  procefs  in 
white  fumes.  Thus  none  of  the  nitric  acid 
will  be  wafted,  and  the  folution  remaining  in 
the  retort  will  be  pure  muriat  of  gold.  The 
colour  of  this  folution  is  a bright  yellow,  it  is 
very  cauftic,  and  has  a ftrongly  aftringent  metal- 
lic flavour.  It  gives  a permanent  deep  purple 
(lain  to  the  fingers,  and  to  almoft  all  animal 
and  vegetable  fubftances;  it  even  finks  deeply 
into  marble,  and  communicates  to  it  a fimilar 
tinge.  In  thefe  cafes  the  gold  is  no  doubt 
converted  into  the  purple  oxyd.  By  flow  eva- 
poration and  cooling,  the  liquor  depofits  fmall 
cryftals  of  a yellow  colour,  in  the  form  of  four- 
fided  prifrns,  or  truncated  octohedrons:  thefe 
may  be  obtained  with  more  certainty,  if  the 
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liquor  after  evaporation  is  diluted  with  a little 
warm  alcohol.  If  the  evaporation  is  very  flow, 
and  the  light  at  the  fame  time  freely  admitted, 
only  a faline  amorphous  mafs  is  depofited  of  a 
high  red  orange  colour:  nor  can  regular  cryftals 
be  procured,  according  to  Monnet,  if  either 
muriat  of  ammonia,  or  common  fait  enter  into 
the  compofition  of  the  aqua  regia.  By  diftilla- 
tion  at  a very  low  red  heat,  muriat  of  gold  is 
entirely  decompofed,  the  acid  cfcaping  in  the 
form  of  white  vapour,  and  the  metal  in  a 
reguline  ftate  remaining  behind.  If  the  fait  has 
been  prepared  with  rough  unfukJ'uned  fal-ammo- 
niac,  and  the  heat  is  fuddenly  increafed  when 
nearly  the  whole  of  the  liquid  has  been  diftilled 
off,  there  rifes  together  with  muriatic  acid  fome 
very  red  muriat  of  gold,  which  diffolving  in  the 
fluid  contained  in  the  receiver,  forms  a ruby 
coloured  liquor,  named  by  the  alchemifts  leo 
ruber , and  l'uppofed  by  them  to  poffefs  many 
wonderful  properties. 

The  alkaline  earths  both  pure  and  carbonated, 
throw  down  from  a folution  of  muriated  gold, 
a yellow  oxyd,  which  by  expofure  to  the  air 
acquires  a purple  colour,  and  at  a red  heat,  is 
reducible  per  fe  to  the  regtffine  ftate. 

The  fixed  alkalies  precipitate  the  oxyd  of 
gold  in  the  form  of  a brownifn  yellow  fediment, 
which  when  walhed  and  heated  becomes  firft 
purple  and  then  affumes  its  metallic  appearance. 
If  a perfectly  carbonated  alkali  is  made  ufe  of, 
the  only  precaution  requifite  is  to  dilute  the 
metallic  folution  with  three  or  four  times  its 
bulk  of  water  before  pouring  in  the  alkali,  by 
which  management,  the  fubfidence  of  the  pre- 
cipitate will  be  expedited,  more  efpecially  if  the 
mixture  is  boiled  for  a minute  in  a glafs-veffel. 
If  however  an  alkali  in  part  or  entirely  cauftic,  is 
made  ufe  of,  care  mull  be  taken,  after  diluting  the 
folution  to  drop  in  the  alkali  by  degrees,  and  only 
fo  long  as  it  caufes  a vifible  precipitation:  if 
after  itanding  twenty-four  hours  to  allow  the 
oxyd  to  fubfide,  the  fupernatant  liquor  is  ftill 
coloured,  a little  more  alkali  may  be  added. 
But  if  inftead  of  this  cautious  proceeding,  an 
excefs  of  alkali  is  poured  in  at  once,  the  liquor 
affumes  a light  purple  tinge,  fome  of  the  gold 
is  rediffolved  by  the  alkali,  and  it  will  be  feve- 
ral  months  before  the  whole  of  the  metallic 
oxyd  is  feparated.1 

In  the  decompofition  of  muriated  gold  by 
means  of  the  fixed  alkalies,  the  adiion  of  thefe 
fubftances  appears  to  be  confined  to  the  fatura- 
tion  of  the  acid;  and  in  confequence  of  the 
ftrong  affinity  fubfifting  between  thefe  two,  the 
exp.  iii,  p.  71. 
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oxyd  of  gold  is  precipitated,  while  the  fuper- 
natant  liquor  holds  in  folution  the  neutral 
muriat.  The  metallic  oxyd  after  being  well 
wafhed  feems  to  be  perfedtly  pure,  and  is  ae- 
compofable  at  a low  red  heat,  merely  in  con- 
fequence  of  the  very  weak  attraction  of  gold  for 
oxygen.  Ammonia  differs  in  this  refpeCt  very 
materially  from  the  fixed  alkalies:  its  affinity 
for  the  oxyd  of  gold  is  remarkably  powerful, 
and  in  confequence,  it  decompofes  the  falts  of 
this  metai,  not  only  by  means  of  its  affinity  for 
the  acid,  but  alfo  for  the  bafe,  hence  the  pre- 
cipitate is  not  a mere  oxyd,  but  an  ammoniu- 
retted  oxyd,  and  it  exhibits,  as  we  {hall  proceed 
to  fhow,  very  remarkable  properties.” 

Ammoniuret  of  gold,  or  fulminating  gold,  is 
prepared  in  the  following  manner.  To  a folu- 
tion of  muriated  gold,  diluted  with  fix  or  eight 
times  its  bulk  of  diftilled  water,  add  liquid  am- 
monia drop  by  drop,  till  it  ceafes  to  occafion 
any  precipitate:  feparate  by  means  of  the  filter, 
the  yellow  powder  that  will  be  thus  produced, 
waffi  it  well  in  two  or  three  parcels  of  hot 
water,  and  let  it  dry  in  the  air  or  in  a warm 
room.  The  fulminating  gold  thus  procured,  will 
be  found  to  exceed  the  weight  of  the  original 
gold  by  about  33  on  the  hundred,  or  in  other 
words,  out  of  100  parts  of  this  compound  75 
will  be  gold.  If  a little  of  this  powder,  half  a 
grain  for  example,  is  held  over  a candle,  in  a 
l'poon  or  on  the  blade  of  a knife,  it  ffiortly  ex- 
plodes with  a loud  ftunning  report,  from  which 
circumftance  it  has  obtained  its  common  appel- 
lation. 

Although  the  procefs  which  we  have  juft 
given  is  perhaps  the  fimpleft  method  of  pre- 
paring this  dangerous  fait,  yet  fo  powerful  is 
the  affinity  of  ammonia  for  oxyd  of  gold  that  if 
the  two  come  into  contadf  with  each  other 
under  a’moft  any  circumftances,  they  will  eager- 
ly combine  together.  Thus  if  the  gold  inftead 
of  being  diflolved  in  pure  aqua  regia  is  dilfolved 
in  one  made  by  mixing  nitric  acid  with  muriat 
of  ammonia,  the  precipitate  thrown  down  from 
this  even  by  a fixed  alkali  will  poffefs  the  pro- 
perty of  fulminating.  Again,  if  oxyd  of  gold 
thrown  down  from  pure  aqua  regia  by  a fixed 
alkali  be  redilfolved  in  either  the  fulphuric  or 
nitric  acids  and  precipitated  by  ammonia,  the 
refult  will  be  fulminating  gold.  If  even  the 
firnple  oxyd  of  go-id,  previoufly  boiled  with 
eauftic  fixed  alkali  in  order  to  feparate  any  ad- 
hering acid,  be  digefted  for  forne  hours  in  liquid 
ammonia,  it  will  become  equally  fulminating  as 
by  any  other  mode. 


The  effe&s  of  this  compound  when  exploded, 
though  not  fo  violent  as  thofe  of  fulminating 
filver,  are  fufficiently  dangerous  to  juftify  the 
greateft  caution  in  uling  it.  The  precife  degree 
of  temperature  requifite  for  its  explofion  is  not 
afcertained,  and  indeed  appears  to  be  fubjedt  to 
fome  variation ; it  may  however  be  ftated  as 
above  250°  of  Fahrenheit’s  thermometer.  Juft 
before  it  explodes,  its  colour  changes  from  yel- 
low to  black,  and  a momentary  flafti  is  obferv- 
able  at  the  inftant  of  its  decompofition.  Although 
it  exerts  its  force  in  all  directions,  yet  its  prin- 
cipal energy  is  in  a downward  direction ; hence 
two  or  three  grains  exploded  on  a piece  of 
moderately  thick  ffieet  copper  will  tear  a hole 
in  it.  An  eleCtrical  fhock  will  alfo  decompofe 
this  fait,  but  it  cannot  be  fet  fire  to  by  a fpark 
either  of  eleCtricity  or  from  the  flint  and  fteel. 
By  fudden  friction  it  explodes  with  great  ve- 
hemence, and  feveral  inltances  are  recorded  of 
ferious  accidents  from  this  caufe : hence  it 
ffiould  never  be  kept  in  a ground-ftoppered 
bottle,  as  a little  may  adhere  in  the  neck  and 
will  be  infallibly  exploded  by  the  infertion  of 
the  ftopper.  The  facility  with  which  this  pow- 
der explodes  is  prodigioufly  increafed  by  high 
drying  ; if  it  is  heated  till  it  becomes  black  and 
is  immediately  removed  from  the  fire,  it  will 
then  go  off  frequently  by  a mere  touch.  The 
grains  of  this  fubftance  have  not  like  thofe  of 
gunpowder  the  property  of  communicating  the 
decompofition  from  one  to  another;  only  thofe 
that  are  heated  to  the  precife  point  are  exploded, 
the  reft  are  difperfed  unaltered  by  the  violence 
of  the  fhock.  Its  proper  explofive  force,  though 
attended  with  a loud  report,  feems  however  to 
be  confiderably  inferior  to  that  of  gunpowder, 
hence  if  heated  in  a pretty  ftrong  clofe  veffel  it 
is  compleatly  decompofed  but  without  any 
fhock. 

There  appears  to  be  no  fubftance  capable  of 
feparating  the  ammonia  from  the  oxyd  of  gold 
after  they  are  once  united,  and  the  only  mode 
of  decompofition  is  the  application  of  fuch  a 
heat  as  ffiall  at  the  fame  time  deoxydate  the 
gold  and  reduce  the  ammonia  to  its  elementary 
parts.  By  a dry  heat  this  decompofition  is 
moftly  rapid  and  explofive,  but  by  the  inter- 
vention of  a hot  liquid  it  is  gradual  and  filent. 
Thus  the  fixed  alkalies,  whether  cauftic  or  car- 
bonated, if  diluted  with  water  fo  that  their 
boiling  point  is  inferior  to  the  heat  required  for 
the  decompofition  of  fulminating  gold,  may  be 
digefted  upon  it  without  in  the  flighted  degree 
impairing  its  charadteriftic  property,  but  when 
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fo  far  concentrated  as  to  require  a much  higher 
temperature  for  their  ebullition,  they  gradually 
decompofe  it  without  however  difengaging  any 
ammonia.  In  the  fame  manner  diluted  fulphu- 
ric  acid  produces  no  efFe£t,  though  when  con- 
centrated it  effedts  a dccompofition,  but  merely 
in  confequence  of  the  greater  quantity  of  heat 
which  it  requires  for  ebullition.  Nitric  acid 
even  when  moft  concentrated  boils  at  a lower 
temperature  than  is  required  for  the  decom- 
polition  of  this  fait,  and  therefore  produces  no 
effe£t  on  it.  Muriatic  acid  fparingly  diffolves 
it,  but  on  the  addition  of  a little  fixed  alkali  lets 
it  fall  again  unaltered. 

If  aurum  fulminans  be  mixed  with  four  or 
five  times  its  weight  of  chalk,  or  fulphat  of  pot- 
afh,  or  in  fhort  with  any  pulverulent  fubftance 
neither  fufible  nor  decompofable  at  a moderate 
temperature,  and  is  expofed  gradually  to  a low 
heat  it  will  be  quietly  decompofed,  nothing  of 
the  fait  remaining  behind  but  the  purple  oxyd 
of  gold.  A fimilar  effect  may  be  produced, 
only  that  remarkable  caution  is  required,  by 
heating  the  fulminating  gold  without  any  ad- 
dition ; as  foon  as  it  changes  colour  at  all  it  is 
to  be  removed  from  the  fire,  and  when  cold 
again  heated  till  the  colour  is  a little  more 
deepened,  proceeding  in  this  way  till  the  powder 
becomes  purple  it  will  be  found  to  have  entirely 
loft  its  explofive  faculty.  A fimilar  change 
takes  place  if  fome  fulphur  is  melted  at  the 
loweft  poflible  heat  and  the  fulminating  gold  is 
dropped  in  by  half  a grain  at  a time  and  well 
mixed  : the  fulphur  may  then  be  burnt  off  with- 
out any  danger,  and  minute  grains  of  metallic 
gold  will  be  left  behind. 

The  true  theory  of  the  decompofition  of 
fulminating  gold  was  partially  difcovered  by 
Bergman,  and  has  fince  been  fully  illuftrated 
by  Berthollet.  The  former  of  thefe  able  che- 
mifts  fhowed  that  this  fait  when  decompofed  in 
clofe  veffels  was  reduced  to  gold  partly  in  the 
metallic  ftate  and  partly  in  that  of  purple  oxyd, 
and  at  the  fame  time  a gas  was  extricated  in 
bulk  about  a thoufand  times  as  great  as  that  of 
the  original  fulminating  fait,  and  which  ex- 
tinguifhed  flame  and  animal  life,  was  not  ab- 
forbed  by  water  and  gave  no  precipitate  with 
lime-water.  Berthollet,  by  decompofing  the 
fame  fubftance  in  a copper  tube  connected  with 
a jar  inverted  in  mercury,  obtained  azotic  gas 
and  a few  drops  of  water,  and  the  gold  was 
reduced  to  the  metallic  appearance.  Now  as 
ammonia  is  compofed  of  hydrogen  and  azot, 
and  as  the  affinity  of  gold  for  oxygen  is  very 
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flight,  it  is  manifeft  that  the  decompofition  and 
explofion  under  the  circumftances  already  men- 
tioned, are  occafioned  by  the  oxygen  of  the 
gold  and  the  hydrogen  of  the  ammonia  com- 
bining to  form  water,  and  to  the  liberation  of 
the  azot  and  its  fudden  affumption  of  the  gafeous 
ftate. 

Muriat  of  gold  may  be  decompofed  not  merely 
by  the  fuperior  affinity  of  certain  fubftances  for 
its  acid,  or  of  others  for  the  metallic  oxyd,  but 
alfo  in  confequence  of  yielding  a part  of  its 
oxygen  to  bafes  whofe  attraction  for  this  fub- 
ftance is  particularly  powerful.  Thus  if  a little 
muriat  of  gold  is  poured  into  fulphureous  acid, 
this  laft  in  a fhort  time  deprives  the  metallic 
fait  of  part  of  its  oxygen,  and  in  confequence 
the  furface  of  the  fluid  is  covered  with  a film  of 
reduced  gold  : the  fame  takes  place  if  gallic 
acid  is  made  ufe  of.  So  alfo  if  ether  and  muriat 
of  gold  are  fhaken  together,  the  water  firft 
gives  up  the  metallic  fait  to  the  ether  and  be- 
comes itfelf  colourlefs,  while  the  ether  affumes 
a bright  yellow  tinge,  and  after  a while  the 
gold  is  deoxydated  by  the  combined  aClion  of 
the  water  and  ether,  and  is  feparated  in  its  me- 
tallic ftate.  In  the  fame  manner  a ftick  of 
phofphorus  being  immerfed  in  muriat  of  gold 
will  in  a few  days  be  covered  with  a brilliant 
coating  of  this  metal : and  a fimilar  effetft  is 
produced,  according  to  Count  Rumford,  by 
charcoal,  provided  its  aClion  is  aflifted  by  a boil- 
ing heat  or  by  expofure  in  a clofed  vial  to  the 
rays  of  the  fun.  Hydrogen  gas  alfo  is  capable 
of  decompofing  muriat  of  gold  as  well  as  other 
metallic  falts  while  they  are  moift  with  water; 11 
thus  if  a piece  of  filk  is  dipped  in  muriat  of 
gold  and  expofed  in  a clofe  vefi'el  to  hydrogen 
gas,  it  will  in  a fhort  time  be  covered  with  a 
pellicle  of  gold,  partly  metallic  and  in  part  in 
the  form  of  purple  oxyd. 

Certain  of  the  metals  and  metallic  falts  de- 
compofe muriat  of  gold  accompanied  by  peculiar 
phenomena,  which  we  (hall  proceed  to  mention. 

If  a piece  of  clean  iron  is  introduced  into  a 
dilute  folution  of  muriated  gold,  this  latter 
metal  is  precipitated  upon  the  furface  of  the 
iron  in  the  reguline  ftate,  a proportional  quan- 
tity of  the  iron  being  diffolved.  If  the  folution 
is  largely  diluted  with  alcohol  inftead  of  water, 
the  gold  precipitates  upon  the  iron  and  a very 
little  of  this  latter  is  in  return  taken  up  by  the 
dulcified  acid ; the  gold  may  be  made  to  adhere 
firmly  to  the  furface  of  the  iron  by  burnifning, 
and  this  is  the  moft  convenient  and  economical 
method  of  gilding  iron.  The  red  fulphat  o£ 
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iron,  being  fully  charged  with  oxygen,  has  no 
effect  on  muriat  of  gold,  but  the  green  fulphat 
entirely  decompofes  it,  being  itfelf  convertible 
to  red  fulphat  and  the  gold  falling  down  for 
the  moft  part  in  the  metallic  ftate. 

Copper  a£ts  with  remarkable  energy  on  mu- 
riat of  gold : as  foon  as  immerfed  in  this  fluid 
it  becomes  fuperficially  of  a blackifh  red  colour, 
and  after  a while  the  gold  fubfides  in  its  metal- 
lic ftate  but  with  a reddifh  tinge,  no  doubt  from 
its  being  mixed  with  copper.  When  the  whole 
of  the  gold  has  fallen  down  the  liquor  becomes 
colourlefs,  as  was  obferved  both  by  Lewis  and 
Beau  me  ; this  however  does  not  prove  that  the 
folution  contains  little  or  no  copper,  as  thefe 
chemifts  fuppofe,  but  the  direct  reverfe ; for 
when  muriat  of  copper  is  at  its  minimum  of 
oxydation,  that  is  when  it  contains  the  greateft 
poflible  quantity  of  metal  in  proportion  to  its 
oxygen,  the  fait  is  entirely  colourlefs,  being  the 
white  fub-muriat  recently  difcovered  by  Prouft. 
Sulphat  of  copper  is  incapable  of  decompoflng 
gold.  Acetite  of  copper  feparates  the  gold  in 
brilliant  metallic  films,  which  adhere  to  the 
fides  of  the  vefiel ; in  this  cafe  however  it  is 
probable  that  the  acetic  acid  contributes  to  the 
decompofition  at  leaft  as  much  as  the  copper. 

Zinc,  bifmuth  and  mercury  decompofe  the 
muriat  of  gold,  throwing  down  the  metal  in 
the  reguline  ftate.  The  action  of  the  falts  of 
thefe  metals  on  the  fame  has  not  been  examined 
into  with  any  accuracy.  Orfchal  0 fays  that 
nitro-muriat  of  mercury  precipitates  gold  of  a 
remarkably  bright  purple  colour,  fuperior  in 
this  refpeft  to  Caffius’s  precipitate. 

Silver  and  lead  precipitate  the  gold  from  its 
muriat  in  the  form  of  purple  oxyd.  The  fame 
takes  place  when  the  nitrats  of  thefe  metals  are 
employed ; a copious  depofition  of  muriated 
lead  or  filver  takes  place  mixed  with  tire  purple 
oxyd  of  gold.f  Tin  likewife  decompofes  muriat 
of  gold,  and  feparates  from  it  a purple  oxyd. 
For  this  purpole  let  the  metallic  fait  be  largely 
diluted  with  water  and  put  into  a glafs  or  glazed 
earthenware  veflel  together  with  a few  pieces  of 
grain  tin  : in  a fhort  time  the  liquor  will  become 
of  the  colour  of  red  wine,  and  a very  light 
flocculent  precipitate  will  begin  to  feparate, 
leaving  the  liquor  entirely  clear  : this  being 
poured  on  a filter  and  waffied  repeatedly  with 
warm  water  is  then  to  be  dried  ; it  now  appears 
as  a deep  purple  powder,  and  is  uled  by  enamel- 
lers  and  makers  of  artificial  gems  as  the  colour- 
ing matter  for  the  fineft  red  glafs.  A fimilar 
efFedf  is  produced  by  ufing  recently  made  muriat 


of  tin  inftead  of  the  pure  metal,  this  fait  having 
a remarkably  ftrong  affinity  for  oxygen,  and 
therefore  eafily  throwing  down  the  gold  in  the 
ftate  of  red  oxyd.  Even  nitro-muriat  of  tin,  if 
newly  made  at  a low  temperature,  will  be  nearly 
as  efficacious  as  the  Ample  muriat,  and  this 
method  of  preparing  the  purple  colouring  mat- 
ter having  been  invented  by  Dr.  Caffius  more 
than  150  years  ago,  has  fince  been  familiarly 
known  by  the  name  of  Caffius’s  purple  powder 
or  precipitate.  The  ancient  method  of  pre- 
paring it  was  the  following.  p Into  about  two 
quarts  or  more  of  diftilied  water,  drop  firft 
about  a fcruple  of  a folution  of  gold  in  aqua 
regia,  and  then  add  a like  quantity  of  a folution 
of  tin  in  nitro-muriatic  acid  •,  when  the  purple 
precipitate  thus  produced  has  fubfided  a little, 
add  a few  drops  more  of  tin  as  long  as  any 
further  precipitate  takes  place ; then  throw  the 
whole  on  a filter,  waffi  it  repeatedly  and  dry  it. 
This  mode  however  is  liable  to  feveral  objec- 
tions : it  very  often  happened  that  the  tin  was 
fo  highly  oxygenated  as  to  be  wholly  incapable 
of  throwing  down  any  precipitate ; in  this  cafe 
the  addition  of  fome  grains  of  metallic  tin  was 
requifite ; but  though  this  was  effefitual  in  de- 
compofing  the  muriated  gold,  it  alfo  at  the  fame 
time  threw  down  fome  oxyd  of  tin  which  con- 
fiderably  impaired  its  ufe  as  a colour  for  trans- 
parent glafies.  Sometimes,  efpecially  if  the 
liquor  was  not  enough  diluted  and  the  gold  was 
added  to  the  tin,  inftead  of  the  tin  to  the  gold, 
only  a muddy  bluiffi  brown  precipitate  was  ob- 
tained. Another  inconvenience  attending  the 
pra£tife  of  the  ancient  chemifts  in  this  matter 
was,  that  the  aqua  regia  in  which  they  diflolved 
the  gold  was  almoft  always  made  with  nitric 
acid  and  muriated  ammonia,  in  confequence  of 
which  the  red  powder  very  often  poflefied  a 
fulminating  property,  and  thus  occafioned  many 
ferious  accidents. 

Befides  the  nitric  and  nitro-muriatic  acids, 
gold  is  alfo  capable  of  being  diflolved  by  the 
oxy muriatic  acid.  This  fa£f  was  firft  afcer- 
tained  by  Scheele.  The  folution  however  when 
compleated  appears  to  be  merely  muriat  of  gold, 
the  fuperabundant  oxygen  being  entirely  em- 
ployed in  oxydating  the  gold  previoufly  to  its 
becoming  foluble  in  the  acid,  now  changed  into 
Ample  muriatic  acid. 

The  oxyd  of  gold  precipitated  from  the  mu- 
riat by  either  of  the  carbonated  fixed  alkalies  is 
foluble,  as  Bergman  has  fhown,  in  the  fulphuric 
and  various  other  acids  j but  the  falts  hence 
refulting  have  not  as  yet  been  examined. 

• Ibid. 
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Of  the  neutral  falts  nitre  appears  to  be  the 
only  one  capable  of  adding  on  metallic  gold : on 
this  fubjecft  Mr.  Tennant  has  publiffied  the  fol- 
lowing interefting  particulars.  q A golden  tube 
was  filled  with  nitre  and  thin  pieces  of  gold, 
and  expofed  for  two  or  three  hours  to  a ftrong 
red  heat ; by  this  procefs  part  of  the  nitre  was 
converted  into  cauftic  potafli  and  part  into  nitre 
more  or  lefs  deoxygenated,  or  according  to  the 
reformed  nomenclature,  nitrite  of  potafh.  Of 
the  gold  a confiderable  quantity  was  changed 
into  a black  powder,  feparable  from  the  alkali 
and  other  faline  matter  by  mere  wafhing,  but 
another  portion  of  gold  equal  in  weight  to  a fifth 
of  the  black  powder,  remained  in  folution,  com- 
municating to  the  liquor  a yellow  colour.  By 
dropping  into  this  folution  diluted  fulphuric  or 
nitrous  acid,  it  became  at  firft  of  a deep  yellow, 
but  if  viewed  by  tranfmitted  light,  it  foon  ap- 
peared green,  and  afterwards  blue,  from  the  gra- 
dual precipitation  of  the  gold  in  its  metallic  ftate. 
But  although  the  metal  is  thus  precipitated  in  its 
reguline  ftate,  it  appears  while  in  folution,  to 
be  in  the  form  of  oxyd,  and  to  be  afterwards 
thrown  down,  only  becaufe  its  oxygen  is  gra- 
dually abftra£ted  by  that  portion  of  nitre  which 
has  been  partially  decompofed.  In  proof  of 
this,  it  may  be  further  remarked,  that  even 
muriat  of  gold,  if  confiderably  diluted  with 
water,  is  decompofable  by  nitre  that  has  been 
partly  deoxygenated  by  heat,  the  gold  being 
precipitated  in  the  metallic  ftate,  which  could 
not  happen  if  the  alkali  alone  of  the  nitre  had 
been  concerned. 

The  affinity  between  gold  and  fulphur,  if  it 
exifts  at  all,  is  never  fufficiently  efficacious  to 
produce  a combination  between  thefe  two  fub- 
ftances:  but  fulphuret  of  potaffi  or  foda  will 
difiblve  leaf  gold  by  fufion  without  difficulty. 
The  compound  thus  produced,  is  perfectly 
foluble  in  water,  and  may  be  palled  through  a 
filter  without  depofiting  any  of  the  gold.  The 
addition  of  an  acid  throws  down  both  the  ful- 
phur and  the  gold:  but  whether  this  latter  is  in 
the  ftate  of  hydrofulphuret  or  not,  has  not 
been  afcertained:  if  the  mixed  precipitate  is 
gently  heated,  the  fulphur  is  evaporated  or 
burnt  off,  and  the  gold  in  its  metallic  ftate 
remains  behind. 

The  only  one  of  the  fimple  combuftibles  with 
which  gold  has  hitherto  been  found  capable  of 
combining,  is  phofphorus.  This  fa£t  appears 
to  have  been  firft  noticed  by  Pelletier  :r  he 
mixed  half  an  ounce  of  gold  with  an  ounce  of 
vitreous  phofphoric  acid  and  a drachm  of  char- 
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coal,  and  by  heating  the  mafs,  inclofed  in  a 
crucible,  for  an  hour  in  a furnace,  he  obtained 
a metallic  button,  weighing  about  four  per  cent, 
more  than  the  gold  employed,  of  a whitifh 
colour,  and  exhibiting  on  its  furface  marks  of 
cryftallization:  it  was  perfe&ly  brittle,  but  by 
being  kept  for  fome  time  in  fufion  on  a cupel, 
the  phofphorus  was  burned  off,  and  the  gold 
refumed  its  ufual  chara&ers.  Phofphuret  of 
gold  may  alfo  be  prepared  by  heating  gold 
filings  to  rednefs  in  a crucible,  and  then  drop- 
ping on  them  a few  fmall  pieces  of  phofphorus, 
the  mafs  foon  enters  into  fufion,  and  the  refult 
is  a button  of  phofphuretted  gold,  refembling 
in  every  refpecft:  that  procured  by  the  former 
method.  From  thefe  fa&s  as  afcertained  by 
Pelletier,  we  may  explain  an  experiment  of 
Glauber,  mentioned  in  his  treatife  de  lapide 
animali,  which  has  puzzled  and  has  been  called 
in  queftion  by  many  fucceeding  chemifts.  The 
experiment  is  this : two  or  three  ounces  of 
hartlhorn  are  to  be  diffolved  in  nitro-muriatic 
acid,  in  which  a drachm  of  gold-leaf  is  after- 
wards to  be  diffolved,  by  digeftion  in  a glafs 
cucurbit:  the  fluid  being  diftilled  off,  the  re- 
fidue  is  to  be  fufed  quickly  in  an  open  crucible 
in  a forge  fire:  the  upper  part  will  be  found 
changed  into  a black  fcoria,  beneath  which  the 
gold  is  found  rendered  white  and  brittle  like 
regulus  of  antimony. 

§ 7.  Alloys  of  Gold. 

Mr.  Hatchett’s  valuable  experiments  on  the 
alloys  of  gold  as  detailed  in  the  Philofophical 
Tranfa&ions  for  1803,  have  been  confulted  for 
moft  of  the  facfts  in  the  prefent  fecftion ; thofe 
which  have  been  obtained  from  other  fources, 
will  be  noticed  accordingly. 

Arfenic,  on  account  of  its  volatility,  can  be 
combined  with  gold  only  in  fmall  proportions. 
If  the  mixture  is  attempted  to  be  made  by 
projecting  metallic  arfenic  on  gold  in  fufion  in 
an  open  crucible,  the  arfenic  according  to  the 
quantity  ufed,  will  be  either  entirely  or  in  great 
part  diffipated,  and  the  gold  in  confequence 
will  refnain  entirely  unaltered  or  rendered  more 
or  lefs  brittle.  If  a fmall  crucible  containing 
gold  be  inferted  into  a larger  one  containing 
arfenic,  and  an  inverted  crucible  be  luted  on  by 
way  of  a cover,  and  the  apparatus  be  heated 
ftrongly  in  a wind  furnace,  the  arfenic  will  be 
raifed  in  vapour,  and  the  gold  being  fufed  in 
this  arfenicated  atmofphere,  will  combine  with 
a fmall  portion  of  it.  The  alloy  hence  refult- 
ing  is  of  a grey  colour,  a coarfe  granular  frac- 
ture, and  very  brittle.  A heat  equal  to  that  of 
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melting  gold  is  by  no  means  necefl'ary  to  effedd 
this  combination,  for  if  a plate  of  gold  is  merely 
brought  to  a full  red  heat  in  an  atmofphere 
loaded  with  arfenic,  this  latter  will  unite  iuper- 
ficially  with  the  gold,  and  the  alloy  hence 
refulting  being  very  fufible,  will  trickle  in  drops 
from  the  plate,  till  the  whole  of  it  is  thus 
arfenicated.  This  alloy  is  fcarcely  decorn- 
pofable  by  mere  heat,  and  at  a high  tempera- 
ture the  arfenic  that  is  driven  off,  carries  a 
confiderable  proportion  of  gold  along  with  it. 

If  antimony  is  mixed  by  fufion  with  either 
fine  or  ftandard  gold  in  the  proportion  of  even 
^ of  a grain  to  the  ounce  (tvW  of  the  whole 
mafs)  the  refulting  compound  is  brittle,  has  a 
clofe  granular  fracture,  with  hardly  any  metallic 
luftre,  and  its  bulk  will  be  found  to  be  remark- 
ably greater  than  would  be  deduced  from  the 
mean  fpecific  gravity  of  its  ingredients. 

Zinc  forms  with  gold  an  alloy  of  a brafs- 
yellow  colour;  in  other  refpedbs  its  a£lion  on 
geld  is  very  analogous  to  that  of  arfenic;  when 
projefted  in  fmall  quantity  on  melted  gold,  it  is 
entirely  volatilized;  in  the  ftate  of  vapour  it 
combines  with  gold  and  renders  it  brittle.  Fine 
brafs  added  to  gold  in  the  proportion  of  -fa  forms 
a pale  yellow  brittle  alloy,  with  a coarfe  granu- 
lar fradffure.  The  fpecific  gravity  of  gold  and 
zinc  is  fomewhat  greater  than  the  calculated 
mean,  where  it  forms  TV  of  the  mafs.  Accord- 
ing to  Hellot/  an  alloy  of  three  parts  of  zinc, 
and  one  of  gold,  is  fomewhat  malleable:  and 
equal  parts  of  the  two  metals  form  a compound 
which  though  brittle,  is  fufceptible  of  a very 
high  polifh,  and  is  but  little  liable  to  tarnifh. 

Cobalt  mixed  with  ftandard  gold,  in  the 
proportion  of  4 grains  to  an  ounce,  renders  the 
colour  fomewhat  paler,  and  induces  a flight 
degree  of  brittlenefs,  but  does  not  materially 
alter  the  fpecific  gravity.  When  mixed  with 
fine  gold  in  the  proportion  of  38  grains  to  the 
ounce,  the  refult  is  a pale  yellow  alloy,  very 
brittle,  and  with  an  earthy  fraddure. 

Nickel  alloyed  with  gold  in  the  proportion  of 
38  grains  in  the  ounce,  produces  an  alloy  of 
the  colour  of  fine  brafs,  with  a coarfe  grained 
earthy  fradbure,  and  very  brittle : its  fpecific 
gravity  is  lefs  than  the  mean.  If  the  nickel  is 
reduced  to  eight  grains  in  the  ounce  of  ftandard 
gold,  the  alloy  is  only  flightly  brittle;  and 
with  4 grains  of  nickel,  the  mixture  continues 
perfedbly  dudbile. 

Gold  may  be  alloyed  with  manganefe  by 
calcining  the  black  oxydxif  this  metal  repeatedly 
with  oil  in  a covered  crucible,  and  then  expofing 
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it  to  a very  high  heat  in  contadd  with  gold. 
The  colour  of  the  alloy  thus  produced  is  a 
reddifh-grey;  it  is  capable  of  receiving  a brilliant 
luftre  like  fteel;  it  is  excefiiveiy  hard,  and  is  fo 
far  poflefled  of  dudbility,  as  to  be  in  fome 
meafure  flattened  by  the  hammer  before  it 
breaks.  The  proportion  of  manganefe  thus 
combined  is  from  | to  y of  the  alloy.  The  gold 
in  this  mixture  defends  the  manganefe  not  only 
from  being  oxydated  by  the  air,  but  alfo  protedbs 
it  from  the  adlion  of  all  thofe  acids  in  which 
gold  itfelf  is  infoluble.  By  long  expofure  to  a 
high  heat  with  accefs  of  air,  the  manganefe 
rifes  to  the  furface  of  the  gold,  where  it  be- 
comes oxydated,  leaving  this  latter  metal  behind 
quite  pure.  Thefe  two  metals  may  in  like 
manner  be  feparated  by  cupel lation  with  lead, 
or  by  folution  in  nitric  acid,  if  the  alloy  has 
previoufly  been  quarted  with  filver. 

If  gold  is  mixed  with  bifmuth,  in  the  pro- 
portion of  38  grains  to  the  ounce,  the  refult  is 
an  alloy  of  a pale  greenilh  yellow,  exceflively 
brittle,  and  exhibiting  a fine  grained  earthy 
fradbure:  its  fpecific  gravity  is  fomewhat  great- 
er than  the  mean.  If  ftandard  gold  is  alloyed 
even  with  of  a grain  of  bifmuth  in  the  ounce, 
the  mixture,  although  in  colour  and  texture 
refembling  ftandard  gold,  is  yet  perfedbly  hrittle. 
So  great  is  the  liability  of  gold  to  be  affedbed  by 
bifmuth,  that  if  it  comes  in  contadb  even  with 
the  fumes  of  this  metal,  and  that  not  in  clofe 
veflels,  its  dudbility  is  entirely  deftroyed. 

If  lead  is  melted  with  gold  in  the  proportion 
of  38  grains  in  the  ounce,  the  alloy  though 
externally  refembling  pale  fine  gold,  is  as  brittle 
as  glafs;  is  of  a pale  brown  colour  internally;  is 
wholly  deftitute  of  metallic  luftre,  and  has  a 
fine-grained  porcellanous  appearance;  its  fpe- 
cific gravity  is  a little  lefs  than  the  mean. 
When  the  proportion  of  lead  is  reduced  to  \ of 
a grain  in  the  ounce,  the  alloy  is  ftill  perfectly 
brittle;  and  the  fumes  of  this  metal  are  nearly 
as  prejudicial  to  the  dudbility  of  the  gold  as  thofe 
of  bifmuth. 

Tin  when  mixed  with  gold  in  the  proportion 
of  38  grains  in  the  ounce,  forms  an  alloy  of  a 
pale  yellowilh-grey  colour,  with  a fine  fome- 
what earthy  fradbure;  it  may  be  bent  without 
breaking,  but  is  very  little  dudbile:  its  fpecific 
gravity  is  confiderably  greater  than  the  mean  of 
the  ingredients.  An  alloy  compofed  of  19  grs. 
tin,  19  grs.  copper,  and  the  remainder  of  the 
ounce  gold,  has  a coarfe  grained  earthy  frac- 
ture, and  is  confiderably  more  brittle  than  if  no 
copper  had  been  made  ufe  of.  An  alloy  com- 
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pofed  of  442  grs.  in  the  ounce  gold,  30  copper, 
and  8 tin,  was  of  a fomewhat  paler  colour  than 
ftandard  gold,  but  was  perfectly  dudtile,  and 
very  foft.  When  it  was  expofed  to  a cherry- 
red  heat,  (io°  Wedgw.)  the  furface  began  to 
be  roughened  by  bubbles  or  blifters,  then  the 
bar  began  to  warp  on  the  edges,  and  laftly, 
when  the  whole  of  the  tin  difful'ed  through  the 
alloy,  might  be  fuppofed  to  be  in  fufion,  the  bar 
fell  by  its  own  weight  from  the  fupporters  on 
which  it  was  placed,  in  a rough,  dark  coloured 
mafs,  having  fcarcely  any  appearance  of  a metal : 
it  recovered  however  its  luftre  and  fome  tenacity 
by  being  hammered  on  a polifhed  anvil.1 

Iron,  either  in  the  ftate  of  bar  iron,  call  iron, 
or  fteel,  may  be  combined  with  gold  to  the 
amount  of  30  grains,  and  probably  much  more, 
in  the  ounce,  without  in  the  leaft  degree  impair- 
ing its  ductility:  the  colour  of  the  alloy  is  pale 
yellowifh  grey,  approaching  to  dull  white;  it  is 
confiderably  harder  than  ftandard  gold,  and  its 
fpecific  gravity  is  fomewhat  lefs  than  the  mean 
of  its  conftituent  ingredients. 

Platina  and  gold,  when  the  proportion  of  the 
former  amounts  to  38  grains  in  the  ounce,  com- 
pofe  an  alloy  of  a yellowifh  white  colour,  like 
tarnifhed  filver,  perfectly  dudtile,  but  much 
harder  and  confiderably  more  elaftic  than  ftand- 
ard gold.  If  to  the  foregoing  alloy,  the  ftand- 
ard proportion  of  copper  is  added,  the  compound 
becomes  of  a pale  dull  yellow,  and  its  ductility 
is  fomewhat  diminifhed. 

When  gold  is  rendered  ftandard  by  copper, 
that  is,  when  the  proportion  of  this  laft  amounts 
to  38  grains  in  the  ounce,  the  refulting  alloy  is 
of  a deep  yellow  colour  inclining  to  red;  is 
harder  than  pure  gold,  but  perfectly  duCtile. 
Its  fpecific  gravity  is  lefs  than  that  of  the  mean 
of  its  ingredients  in  a remarkable  degree.  Equal 
parts  of  copper  and  gold  alfo  form  a perfectly 
duCtile  alloy.  It  is  not  however  every  kind  of 
reputedly  pure  copper  which  can  fafely  be  ufed 
for  alloying  gold:  even  the  Swedifh  dollar  cop- 
per occafionally  renders  the  gold  with  which  it 
is  mixed,  as  brittle  as  glafs:  this  appears  to  be 
owing  to  the  lead  and  antimony  which  moft 
copper  contains,  and  which  though  not  in  fuffi- 
cient  quantity  to  affeCt  in  any  material  degree 
the  duCtility  of  the  copper  itfelf,  are  fully 
adequate  to  deftroy  the  duCtility  of  the  gold 
with  which  they  are  mixed ; fince  no  more 
than  TT20  of  either  of  thefe  metals  is  enough 
for  this  purpofe,  as  we  have  already  mentioned.^ 

Silver  may  be  alloyed  with  gold  in  all  propor-^1 
lions,  and  occafions  hardly  any  perceptible 


alteration  of  the  duCtility,  hardnefs,  or  mean 
fpecific  gravity;  the  colour  of  the  mafs  becomes 
paler,  exaCtly  as  the  quantity  of  the  filver  is 
increafed. 

For  the  combination  of  gold  with  mercury, 
fee  Mercury. 

The  chief  ufe  of  gold  is  in  coin:  it  is  alfo 
applied  in  mafs,  in  thread,  and  in  leaf  to  many 
purpofes  of  luxury  and  ornament.  The  purple 
oxyd  is  employed  as  a material  for  colouring 
glafs  and  porcelain.  The  old  chemifts  vaunted 
greatly  its  medical  effects,  but  it  has  long  fince 
difappeared  from  every  European  pharmacopoea. 

GOLD-BERYL.  See  Chrysoberyl. 
GOLDEN  SULPHUR  of  ANTIMONY. 
See  Antimony. 

GRADUATION  of  Saline  Liquors.  A 
method  of  concentrating  weak  faline  folutions, 
by  pouring  them  through  a heap  of  faggots  and 
expofing  them  in  this  divided  ftate  to  a free 
current  of  air.  For  further  particulars,  fee 
Muriat  of  Soda. 

GRAINE  D’AVIGNON.  See  Avignon 
Berry. 

GRAMMATIT.  See  Tremolite. 

GRANAT.  See  Garnet. 

GRANATIT.  See  Staurolite. 

GRANITE.  Granite.  Fr.  Granit.  Germ. 

Granite  is  a rock  efientially  compofed  of 
felfpar,  quartz,  and  mica,  in  grains  or  cryftals 
of  various  magnitude.  The  parts  of  which  it 
confifts  adhere  to  each  other  by  the  mere  attrac- 
tion of  aggregation,  and  not  by  any  pafte  or 
cement  which  binds  them  together,  by  which 
character  this  rock  is  diftinguilhed  from  por- 
phyry, as  it  is  from  gneifs  by  the  abfence  of 
the  flaty  or  fchiftofe  texture.  Felfpar  is  for  the 
moft  part  the  predominating  ingredient,  and  is 
not  unfrequently  in  regular  cryftals  ; its  colour 
is  either  milk-white,  yellowifh- white,  honey- 
yellow,  or  flefh-red ; when  the  cryftals  are  very 
large  they  fometimes  contain  angular  fragments 
of  quartz,  which  from  their  refemblance  to  the 
Perfepolitan  characters,  have  obtained  for  this 
variety,  among  the  French,  the  name  of  pierre 
grapbique : in  other  varieties  the  felfpar  is  found 
more  or  lefs  deprived  of  its  cryftalline  texture, 
and  converted  into  indurated  porcelain  clay. 
The  quartz  in  granite  though  feldom  actually 
in  cryftals,  poffeffes  the  tranfparency,  fraCture 
and  other  external  characters  that  denote  the 
cryftalline  texture ; its  colour  is  moftly  a fmoak 
yellow,  of  different  degrees  of  intenfity ; fome- 
times though  rarely  it  occurs  of  a fine  granular 
texture  and  a fnow-white  colour.  The  plica 
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is  in  plates  very  various  as  to  fize,  and  in  colour 
filvery  white,  imoak-brown,  black,  and  green. 

Granite  (efpecially  the  large-grained  which 
is  generally  efteemed  to  belong  to  the  earlieft 
formation)  is  often  difpofed  in  very  thick  and 
extenfive  beds  or  ftrata,  hence  it  is  found  to  fplit 
much  eafier  in  fome  directions  than  in  others. 
The  hardnefs  and  compadlnefs  of  this  rock 
vary  extremely  according  to  the  perfection  or 
tendency  to  decompofition  of  the  felfpar  which 
it  contains.  The  fleffi-coloured  can  hardly 
ever  be  wrought  without  the  help  of  gunpow- 
der, but  the  white  is  often  fo  rifty  as  to  render 
blafting  impracticable,  at  the  fame  time  that  it 
{till  remains  very  difficult  to  work  by  the  pick 
and  other  common  inftruments.  Cavities  fome- 
times  of  confiderable  magnitude  are  occafionally 
found  in  granite,  lined  with  calcareous  fpar  and 
colourlefs  or  amethyftine  cryftals  of  quartz  ; 
and  in  the  fubftance  of  the  rock  itfelf  are  con- 
tained various  minerals  befides  the  three  of 
which  it  is  effentially  compofed.  When  the 
proportion  of  mica  is  confiderable,  and  the  rock 
begins  to  pafs  into  gneifs,  it  fometimes  contains 
fmall  garnets  *,  when  on  the  other  hand  the 
granite  is  very  large  grained,  it  abounds  with 
cryftals  of  black  fchorl.  The  other  extraneous 
fubftances  that  it  contains  are  beryl,  hornblende, 
fteatite,  femi-opal,  heavy-fpar,  and  bitterfpath. 
It  does  not  abound  in  metallic  ores*  haematite, 
tin-ftone,  galena,  native  filver,  earthy  cobalt, 
molybdena,  bifmuth  and  copper  pyrites,  have 
been  found  in  granite,  though  in  no  great  quan- 
tity. 

Granite  is  reckoned  the  oldeft  of  the  primitive 
rocks,  and  is  found  in  almoft  all  the  great  moun- 
tainous chains,  fuch  as  the  Alps,  the  Pyrennees, 
the  Crapack  or  Carpathian  mountains,  and  the 
Norwegian  mountains.  In  Britain,  granite  is 
found  abundantly  in  the  Grampians,  and  on  the 
eaft  coaft  of  Scotland  between  the  firths  of  Tay 
and  Murray,  at  Portfoy  in  particular  are  vaft 
quantities  of  Pierre  graphique  : at  Mount  Sorrel, 
in  Leicefterffiire,  is  a low  range  of  granite,  and 
a little  is  to  be  met  with  in  Shropfhire.  Wales 
contains  none,  with  the  exception  of  a narrow 
bank  or  two  in  Anglefey,  but  in  Cornwall  and 
the  north  of  Devonfhire,  it  is  the  common  rock 
of  the  country. 

The  ufes  of  granite  are  confiderable  *,  it  is 
much  employed  in  Scotland  as  a building  ma- 
terial ; it  is  the  mod  durable  fubftance  that  can 
be  ufed  for  paving  ftreets  •,  and  the  ancients, 
efpecially  the  Egyptians,  formed  of  it  ftatues, 
obelilks,  farcophagi,  and  various  other  works 
of  art. 


GRANITE  of  Corfica.  See  Mandlstein. 
GRANULATION. 

The  procefs  by  which  a metal  is  reduced  into 
grains  is  called  granulation.  This  is  for  the  molt 
part  effe&ed  by  melting  the  metal,  and  then 
pouring  it  in  a very  (lender  ftream  into  cold 
water.  As  foon  as  the  metal  touches  the  water 
it  divides  into  drops,  which  have  a tendency  to 
a fpherical  fhape,  and  are  more  or  lefs  perfect 
according  to  the  thinnefs  of  the  ftream,  the 
heighth  from  which  it  falls,  and  the  tempera- 
ture both  of  the  water  and  the  metal.  Tin,  and 
fome  others  of  the  moft  fufible  metals,  may  be 
reduced  to  much  finer  grains  than  can  be  effected 
in  the  ufual  way,  by  pouring  it  when  melted 
into  a wooden  box  fmeared  on  the  infide  with 
chalk,  and  fhaking  it  violently  before  it  has 
time  to  become  folid.  By  this  means  tin  is  re- 
duced to  a fine  powder ; and  there  is  no  doubt 
but  that  the  lefs  fufible  metals  might  likewife 
be  fo  pulverized  by  a fimilar  manipulation. 

GRAPHITE,  or  Plumbago,  bee  Coal. 
Species  ix. 

GRAUSTEIN.  See  Trap. 
GRAUWACKE. 

This  name,  for  which  we  have  no  corref- 
ponding  Englifh  term,  is  employed  by  the  Ger- 
man mineralogifts  to  denote  a fpecies  of  rock 
belonging  to  the  more  recent  of  the  Tranfition 
clafs,  and  of  which  there  are  two  very  drftindt 
varieties. 

Common  Grauwacke  is  compofed  of  grains  of 
quartz,  filiceous  fchiftus  and  flate  or  argillite, 
agglutinated  by  an  argillaceous  cement ; the 
grains  vary  from  the  fize  of  a pin’s  head  to  that 
of  a hazlenut. 

Slaty  Grauwacke,  is  a fimple  fchiftofe  rock, 
which  at  firft  fight  might  be  confounded  with 
argillite,  but  upon  a nearer  infpe&ion  will  be 
found  to  differ  in  colour  which  is  of  a dirty 
grey,  in  being  entirely  deftitute  of  luftre,  in 
containing  fpangles  of  mica,  which  true  flate 
never  does,  in  its  geological  fituation,  and  in  its 
being  never  divided  by  beds  of  chlorite  flate  or 
Whetftone  flate. 

Both  varities  of  grauwacke  are  traverfed  by 
veins  of  quartz  in  various  dire£lions,  and  con- 
tain occafionally  (hells  and  vegetable  remains : 
they  never  contain  beds  of  other  kinds  of  rock. 
They  are  never  diftin&ly  ftratified,  but  their 
inclination  is  never  parallel  with  that  of  the 
rock  on  which  they  reft. 

Grauwacke  contains  fometimes  beds  of  glance 
coal,  and  is  rich  in  metallic  ores ; the  mines  of 
lead  and  filver  in  the  Hartz,  and  fome  of  the 
gold-mines  in  Tranfylvania,  are  in  this  rock. 
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GREEN  EARTH. 1 Terre  verte . Broch. 
Gr tlner de.  Emmerl. 

The  colour  of  this  mineral  is  celandine  green 
of  various  {hades,  paffing  into  mountain  and 
blackifh-green,  rarely  into  olive-green.  It  occurs 
in  mafs,  in  angular  or  globular  pieces,  or  diffemi- 
nated,  or  as  a fuperficial  covering  to  balls  of 
agate,  or  lining  the  empty  cavities  in  amygdaloid. 
Its  fra&ure  is  fine  grained  earthy,  palling  into 
fiat  conchoidal ; it  has  no  luftre  j it  breaks  into 
indeterminate  blunt-edged  fragments.  It  gives 
a finning  ftreak ; is  fmooth  and  fomewhat  unc- 
tuous to  the  touch  j is  very  foft ; opake ; ad- 
heres flightly  to  the  tongue  j is  light  and  eafily 
frangible. 

When  expofed  to  the  blow-pipe  it  blackens, 
but  does  not  melt  by  itfelf : with  borax  it  gives 
a brownilh-black  opake  glafs  ; when  immerfed 
in  water  it  abforbs  a confiderable  quantity,  but 
does  not  break  down  in  it,  or  become  plaftic. 

It  is  found  wherever  amygdaloid  occurs,  as 
in  Saxony,  Bohemia,  Monte  Baldo  near  Verona, 
Scotland,  &c.  When  of  a good  colour  it  is 
made  fome  ufe  of  by  painters. 

GRUNERDE.  See  Green  Earth. 
GRUNSTEIN.  See  Trap. 

GUM  ELASTIC.  See  Caoutchouc. 

GUM -MUCILAGE.  See  Mucilage. 

f Vegetable .) 

GUM-RESIN. 

Thefe  are  for  the  mod  part  the  juices  of 
various  trees  of  tropical  climates,  which  ooze 
out  from  natural  cracks  in  he  bark,  or  artificial 
incifions,  and  harden  by  the  fun  and  air  into 
irregular  roundifh  maiTes.  The  gum-refms 
therefore  are  the  juices  of  the  refpe&ive  plants 
as  nearly  as  poflible  in  their  natural  Hate,  and 
they  retain  the  fenfible  properties  of  l'mell  and 
tafte  for  a very  great  length  of  time.  A fimilar 
juice,  but  inferior  in  quality,  may  alfo  be  obtained 
from  fome  of  them  hy  macerating  in  water  the 
entire  vegetable,  or  part  of  the  vegetable  that 
yields  it,  and  evaporating  the  water  to  an  ex- 
tra&,  but  this  is  very  feldom  pra&ifed. 

The  gum-refins  are  almoft  exclufively  em- 
ployed in  medicine,  and  only  a very  few  of 
them  have  engaged  the  attention  of  chemifts. 
Though  they  agree  in  thofe  leading  characters 
which  conftitute  a gum-reftn,  there  is  a vaft 
difference  in  the  compofition  of  the  feveral 
fpecies  when  examined  chemically,  and  they 
pafs  almofl  by  imperceptible  gradations  either 
into  the  pure  refins,  or  into  the  extracts  and 
gummy  mucilages.  oo 

Of  the  moll  important  gum-refins  may  be 


enumerated,  myrrh,  galbanum,  afafoetida,  am*- 
moniacum,  olibanum,  fagapenum,  and  perhaps 
opium.  The  chemical  analyfis  of  thefe  and 
others  where  it  prefents  any  important  refults, 
will  be  given  under  the  refpe£tive  articles. 

The  general  or  chara&eriftic  properties  of  a 
gum-refm  are  (as  its  name  imports)  fuch  as 
would  be  produced  by  a natural  mixture  of 
gum  and  refin.  To  the  refinous  part  they 
chiefly  owe  the  property  of  burning  with  much 
flame,  melting  in  drops  by  the  heat ; of  giving 
by  diftillation  a large  portion  of  volatile  oil  and 
fome  ammonia.  To  the  gummy  part  they  owe 
their  partial  folubility  in  water,  fo  that  when 
rubbed  with  this  fluid  they  form  an  emulfion, 
generally  whitifh,  which  remains  a confiderable 
time  turbid,  and  even  when  by  reft  the  gum 
refill  has  again  fubfided,  the  clear  liquor  always 
retains  fome  of  the  tafte  and  fmell  of  the  fub- 
ftance  employed. 

Some  of  the  gum-refinous  juices  are  alfo 
mixed  with  a kind  of  Extract,  or  a coloured 
and  bitter  fubftance  foluble  in  water  and  alcohol, 
and  alfo  Tan  is  very  commonly  united  to  them. 
On  the  whole  the  term  Gum-Refin  is  more 
properly  a pharmaceutical  than  a chemical  dis- 
tinction. 

GUNPOWDER.  Poudre  a Canon.  Fr. 
Das  Schie/Jpulver.  Germ. 

Is  a mechanical  mixture  of  nitre,  charcoal, 
and  fulphur,  the  explofive  powers  of  which  are 
familiar  to  every  one.  The  method  of  manu- 
facture is  extremely  fimple,  but  confiderable 
precautions  are  neceffary  in  the  feleCtion  of  pure 
and  good  materials,  in  enfuring  a very  intimate 
admixture,  and  in  avoiding  any  ftrong  collifion 
or  any  other  event  which  might  produce  fire, 
and  thus  kindle  the  powder,  and  be  productive 
of  the  moft  dreadful  accidents.. 

The  actual  mode  of  making  gunpowder  in 
England  (and  in  all  countries  it  is  effentially  the 
fame)  cannot  be  better  defcribed  than  from  the 
account  given  by  Mr.  Coleman,  of  the  Royal 
Powder  Mills  of  Waltham  Abbey,  about  twelve 
miles  north  of  London. a The  ingredients  of 
gunpowder  are  taken  in  the  following  propor- 
tion, namely,  75  of  faltpetre,  15  of  charcoal, 
and  10  of  fulphur.  The  faltpetre  ufed  is  almoft 
entirely  that  which  is  imported  from  the  Eaft 
Indies,  which  comes  over  in  the  rough  ftate 
mixed  with  earthy  and  other  falts,  and  is  refined 
(in  the  manner  defcribed  under  the  article  Ni- 
trat  of  Potajh)  by  folution,  evaporation,  and 
cryftallization.  After  this  it  is  fufed  in  a mode- 
rate heat,  fo  as  to  expell  all  the  pure  water, 
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but  none  of  the  acid,  and  is  then  fit  for  ufe. 
The  great  ufe  of  refining  the  nitre  is  to  get 
rid  of  the  deliquefcent  falts,  which  by  rendering 
the  powder  made  of  it  liable  to  become  damp  by 
keeping,  would  moft  materially  impair  its  good- 
nefs.  The  fulphur  ufed  is  imported  from  Italy 
and  Sicily,  where  it  is  collefted  in  its  native 
ftate  in  abundance.  It  is  refined  by  melting 
and  Ikimming,  and  when  very  impure,  by  fubli- 
mation.  It  fhould  feem  that  the  Engliffi  fulphur, 
extracted  in  abundance  from  fome  of  the  copper 
and  other  mines,  is  too  impure  to  be  econo- 
mically ufed  for  gunpowder,  requiring  expenfive 
procefles  of  refining. 

The  charcoal  formerly  ufed  in  this  manufac- 
ture near  London  (and  Hill  ufed  in  moft  parts 
of  the  world)  was  prepared  in  the  ufual  way 
of  charring  wood,  piles  being  formed  of  it  and 
covered  with  fods  or  fern,  and  fuffered  to  burn 
with  a flow  fmothering  flame.  This  method 
however  cannot  with  any  certainty  be  depended 
on  to  produce  charcoal  of  an  uniformly  good 
quality,  and  therefore  a moft  eflential  improve- 
ment has  been  adopted  in  this  country,  to  which 
the  prefent  fuperior  excellence  of  Englifh  pow- 
der may  be  in  a good  meafure  attributed,  which 
is,  that  of  enclofing  the  wood,  cut  into  billets 
about  nine  inches  long,  in  iron  cylinders  placed 
horizontally,  and  burning  them  gradually  to  a 
red  heat,  continuing  the  fire  till  every  thing 
volatile  is  driven  off,  and  the  wood  is  compleatly 
charred.  But  as  the  pyroligneous  acid,  the  vo- 
latile produCt  of  the  wood  heated  per  fe , is  of 
ufe  in  manufacture,  it  is  collected  by  pipes 
palling  out  of  the  iron  cylinder,  and  dipping 
into  .calks  where  the  acid  liquor  condenfes.  This 
acid  is  ufed  in  fome  parts  of  calico-printing, 
chiefly  as  the  bafis  of  fome  of  the  iron  liquors 
and  mordants  for  dark-coloured  patterns.  The 
wood  before  .Charring  is  barked.  It  is  generally 
either  alder  or  willow,  or  dog-wood,  but  there 
does  not  appear  any  certain  ground  for  preferring 
one  wood  to  another  provided  it  be  fully  charred. 

The  above  three  ingredients  being  prepared, 
they  are  firft  feparately  ground  to  fine  powder, 
then  mixed  in  the  proper  proportions,  after 
which  the  mixture  is  fit  for  the  important  opera- 
tion of  thoroughly  incorporating  the  component 
parts  in  the  mill.  A powder  mill  is  a flight  wood- 
en building,  with  a boarded  roof,  fo  that  in  the 
event  of  any  moderate  explofion,  the  roof  will 
fly  off  without  difficulty,  and  the  fudden  ex- 
panfion  will  thus  be  made  in  the  leaft  mif- 
chievous  direction.  'Stamping  mills  were  for- 
merly ufed  here,  which  -confifted  Amply  of  a 


large  wooden  mortar,  in  which  a very  ponderous 
wooden  peftle  was  made  to  work,  by  the  power 
of  men,  or  horfes,  or  water,  as  convenience  di- 
rected. Thefe  performed  the  bufinefs  with  very 
great  accuracy,  but  the  danger  from  over-heat- 
ing was  found  to  be  fo  great,  and  the  accidents 
attributable  to  this  caufe  were  fo  numerous, 
that  ftamping  mills  have  been  moftly  difufed 
in  large  manufactures,  and  the  bufinefs  is  now 
generally  performed  by  two  ftones  placed  verti- 
cally, and  running  on  a bed-ftone  or  trough. 

The  mixed  ingredients  are  put  on  this  bed- 
ftone  in  quantities  not  exceeding  40  or  50  pounds 
at  a time,  and  moiftened  with  juft  fo  much 
water,  as  will  bring  the  mafs  in  the  grinding 
to  a confidence  confiderably  differ  than  pafte, 
in  which  it  is  found  by  experience  that  the  in- 
corporation of  the  ingredients  goes  on  with  the 
moft  eafe  and  accuracy.  Thefe  mills  are  worked 
either  by  water  or  horfes. 

The  compofition  is  ufually  worked  for  about 
feven  or  eight  hours  before  the  mixture  is 
thought  to  be  fufficiently  intimate,  and  even 
this  time  is  often  found  by  the  inferior  quality 
of  the  powder  to  be  too  little.  The  fine  powder 
manufactured  at  Battle  in  Suflex,  is  dill  how- 
ever made  in  large  mortars  or  ftamping  mills,  in 
the  old  way,  with  heavy  lignum-vitae  peftles. 
Only  a very  few  pounds  of  the  materials  are 
worked  at  a time. 

The  compofition  is  then  taken  from  the  mills 
and  fent  to  the  corning-houfe , to  be  corned  or 
grained.  This  procefs  is  not  eflential  to  the 
manufacture  of  perfeCt  gunpowder,  but  is 
adopted  on  account  of  the  much  greater  con- 
venience of  ufing  it  in  grains  than  in  fine  dull. 
Here  the  ftiff  pafte  is  firft  preffed  into  hard 
lumps,  which  are  put  into  circular  fieves  with 
parchment  bottoms,  perforated  with  holes  of 
different  fizes,  and  fixed  in  a frame  connected 
with  a horizontal  wheel.  Each  of  thefe  fieves 
is  alfo  furniffied  with  a runner  or  oblate  fpheroid 
of  lignum  vitae,  which  being  fet  in  motion  by 
the  action  of  the  wheel,  lqueezes  the  pafte 
through  the  holes  of  the  parchment  bottom, 
forming  grains  of  different  fizes.  The  grains 
are  then  forted  and  feparated  from  the  duft 
by  fieves  of  progreffive  dimen  (ions. 

They  are  then  glazed  or  hardened,  and  the 
rough  edges  taken  oft',  by  being  put  into  calks, 
filling  them  fomewhat  more  than  half-full, 
which  are  fixed  to  the  axis  of  a water-wheel, 
and  in  thus  rapidly  revolving  the  grains  are 
ffiaken  againft  each  other  and  rounded,  at  the  ■ 
fame  .time  receiving  a flight  glofs  or  glazing. 
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Much  dufl  is  alfo  feparated  by  this  procefs.  powder  granulated  after  having  been  only  a 
The  glazing  is  found  to  leffen  the  force  of  the  fliort  time  on  the  mill,  has  acquired  only  a very 
powder  from  a fifth  to  a fourth, b but  the  fmall  portion  of  its  ftrength,  fo  that  its  per- 
powder  keeps  much  better  when  glazed,  and  is  fedlion  abfolutely  depends  on  very  long-con- 
lefs  liable  to  grow  damp.  tinued  and  accurate  mixture  and  incorporation 

The  powder  being  thus  corned,  dulled  and  of  the  ingredients : that  the  ftrength  of  gun- 
glazed,  is  fent  to  the  ftove-houfe  and  dried,  a powder  does  not  depend  on  granulation,  the 
part  of  the  procefs  which  requires  the  greateft  dull  that  feparates  during  this  procefs  being  as 
precautions,  to  avoid  explofion,  which  in  this  ftrong  as  the  clean  grains : that  powder  un~ 
ftate  would  be  much  more  dangerous  than  be-  dried,  is  weaker  in  every  ftep  of  the  manufacture 
fore  the  intimate  mixture  of  the  ingredients.  than  when  dried  : and  laftly,  that  charcoal  made 
The  ftove-houfe  is  a fquare  apartment,  three  in  iron  cylinders  in  the  way  already  mentioned, 
fides  of  which  are  furnilhed  with  Ihelves  or  makes  much  ftronger  powder  than  common 
cafes,  on  proper  fupports,  arranged  round  the  charcoal.  This  laft  circumftance  is  of  fo  much 
room,  and  the  fourth  contains  a large  call-iron  confequence,  and  is  fo  fully  confirmed  by  ex - 
veffel  called  a gloom , which  proje&s  into  the  perience,  that  the  charges  of  powder  now  ufed 
room,  and  is  ftrongly  heated  from  the  outfide,  for  cannon  of  all  kinds  have  been  reduced  one- 
fo  that  it  is  impoffible  that  any  of  the  fuel  third  in  quantity,  when  this  kind  of  powder  is 
fhould  come  in  contaCl  with  the  powder.  For  employed. 

greater  fecurity  againft  fparks  by  accidental  In  barrelling  powder,  particular  care  mull 
friCtion,  the  glooms  are  covered  with  Iheet  be  taken  to  avoid  moifture,  and  this  bufinefs  is 
copper,  and  are  always  cool  when  the  powder  alfo  generally  referved  for  dry  weather, 
is  put  in  or  taken  out  of  the  room.  Here  the  When  powder  is  only  a little  damp,  it  may 
grains  are  thoroughly  dried,,  lofing  in  the  pro-  be  reftored  to  its  former  goodnefs  merely  by 
cefs  all  that  remains  of  the  water  added  to  the  ftoving,  but  if  it  has  been  thoroughly  wetted, 
mixture  in  the  mill,  to  bring  it  to  a working  the  nitre  (the  only  one  of  the  ingredients  foluble 
ftiffnefs.  This  Mr.  Coleman  finds  to  be  from  in  water)  feparates  more  or  lefs  from  the  fulphur 
three  to  five  parts  on  loo  of  the  compofition.  and  charcoal,  and  by  again  cryftallizing  cakes 
The  powder  when  dry  is  then  compleat.  together  the  powder  in  whitilh  malTes  which  are 

The  government  powder  for  ordnance  of  all  a loofe  aggregate  of  grains  covered  on  the  fur- 
kinds  as  well  as  for  fmall  arms,  is  generally  face  with  minute  efflorefcences  of  nitre.  In 
made  at  one  time,  and  always  of  the  fame  com-  this  cafe  the  fpoiled  powder  is  put  into  warm 
pofition,  the  difference  being  only  in  the  fize  of  water  entirely  to  extraCl  the  nitre,  .and  the  other 
the  grains  as  feparated  by.  the  refpeClive  fieves.  two  ingredients  are  feparated  by  draining  and 
A method  of  drying  powder  by  means  of  thrown  away, 
fleam-pipes  running  round  and  crofting  the  The  fpecific  gravity  of  gunpowder  is  eftimated 
apartment  has  been  tried  with  fuccefs:  by  it  by  Count  Rumford  c to  be  about  1.868. 
all  poflibility  of  an  accident  from  over-heating  The  ftrength  and  goodnefs  of  powder  is 
is  prevented.  The  temperature  of  the  room  judged  of  in  feveral  ways,  namely,  by  the  co- 
when  heated  in  the  common  way  by  a gloom-  lour  and  feel,  by  the  flame  when  a fmall  pinch 
{love  is  always  regulated  by  a thermometer  is  fired,,  and  by  raeafuring  the  aClual  projeCHle 
hung  in  the  door  of  the  ftoves.  force  by  the  eprouvette , and  by  the  diftance  to 

The  ftrength  of  the  powder  is  fometimes  in-  which  a given  weight  will  projeCl  a ball  of 
jured  by  being  dried  too  haftily  and  at  too  great  given  dimenfions  under  circumftances  in  all 
a heat,  for  in  this  cafe  fome  of  the  fulphur  fub-  cafes  exadly  fimilar. . 

limes  out  (which  it  will  do  copioufly.  at  a lefs  When  powder  rubbed  between  the  fingers 
heat  than  will  inflame  the  powder)  and  the  eafily  breaks  down  into  an  impalpable  dull,  it 
intimate  mixture  of  the  ingredients  is  again  is  a mark  of  containing,  too  much  charcoal,  and 
deftroyed.  Befides  if  dried  too  haftily,  the  fur-  the  fame  if  it  readily  foils  white  paper  when 
face  of  the  grain  hardens  leaving  the.  inner  part  gently  drawn  over  it.  The  colour  fhould  not 
ftill  damp.  be  abfolutely  black,  but  is  preferred  to  be  more 

Mr.  Coleman  deduces  from  experiment  the  of  a dark  blue  with  a little  caft  of  red.  The  trial 
following  inferences,  namely;  that  the  ingre-  by  firing  is  thus  managed  ; lay  two  or  three  fmall 
dients  of  gunpowder  only  pulverized  and  mixed  heaps  of  about  a dram  each  on  clean  writing 
have  but  a- very  fmall  expiofive  force  : that  gun-  paper,  about  three  or-  four  inches  afunder,  and 
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fire  one  of  them  by  a red-hot  iron  wire : if  the 
flame  afeends  quickly  with  a good  report,  fend- 
ing up  a ring  of  white  fmoke,  leaving  the  paper 
free  from  white  fpecks  and  not  burnt  into  holes, 
and  if  no  fparks  fly  off  from  it,  fetting  fire  to  the 
contiguous  heaps,  the  powder  is  judged  to  be 
very  good,  but  if  otherwife,  either  the  ingre- 
dients are  badly  mixed  or  impure. 

The  common  eprouvettes  or  powder-triers 
are  fmall  ftrong  barrels,  in  which  a determinate 
quantity  of  the  powder  is  fired,  and  the  force 
of  expanfion  meafured  by  the  aCtion  excited  on 
a ftrong  fpring  or  a great  weight. 

Another  method  often  adopted  is  to  fire  a 
very  heavy  ball  from  a fhort  mortar  with  a 
given  weight  of  the  powder  and  to  find  the 
range  of  projection.  d The  French  eprouvette 
for  government  powder  is  a mortar  of  7 inches 
(French')  in  calibre,  which  with  three  ounces  of 
powder  fhould  throw  a copper  globe  of  60  lbs. 
weight  to  the  diftance  of  300  feet.  No  powder 
is  admitted  which  does  not  anfwer  this  trial.  * 

Both  thefe  methods  have  been  objected  to, 
the  former  becaufe  the  fpring  is  moved  by  the 
inftantaneous  ftroke  of  the  flame  and  not  by  its 
continued  prefiure,  which  is  fomewhat  different; 
and  the  other  on  account  of  the  tedioufnefs 
attending  its  ufe  when  a large  number  of  barrels 
of  powder  are  to  be  tried.  Another  method 
which  unites  accuracy  with  difpatch,  is  to  fuf- 
pend  a fmall  cannon  as  a pendulum,  to  fire  it 
with  powder  only,  and  to  judge  of  the  force  of 
explofion  by  that  of  the  recoil,  which  in  this 
circumftance  is  a greater  or  lefs  arc  of  a circle. 
That  which  Dr.  Hutton  employs  on  this  prin- 
ciple is  a fmall  cannon  about  one  inch  in  the 
bore,  the  charge  of  which  is  two  ounces  of 
powder. 

The  caufe  and  meafure  of  the  explofive  force 
of  fired  gunpowder  has  been  much  inveftigated. 
It  is  generally  allowed  to  be  chiefly  owing  to 
the  fudden  generation  of  a quantity  of  gas  or 
elaftic  vapour,  the  chemical  conftitution  of 
which  will  be  prefently  mentioned. 

To  determine  the  elaflicity  and  quantity  of 
this  elaftic  vapour  produced  from  a given  quan- 
tity of  powder,  Mr.  Robins  f premifes  that  its 
elaflicity  is  equally  encreafed  by  heat  and  di- 
minifhed  by  cold  as  that  of  common  air  (which 
is  confirmed  by  Mr.  Dalton’s  late  experiments), 
and  confequently  its  weight  is  the  fame  with  the 
weight  of  an  equal  bulk  of  air  at  the  fame  elaf- 
ticity  and  temperature.  Hence,  and  from  direCt 
experiments,  he  concludes  that  the  elaftic  fluid 
produced  by  the  firing  of  gunpowder  is  nearly 


1*0  of  the  weight  of  the  powder  itfelf,  which 
expanded  to  the  rarity  of  common  air  is  about 
244  times  the  bulk  of  the  powder.  Hence 
it  would  follow  that  the  mere  converfion  of 
confined  powder  into  elaftic  vapour  would  exert 
againft  the  fides  of  the  containing  veffel  an  ex- 
panfive  force  244  times  greater  than  the  elaflicity 
of  common  air,  or  in  other  words,  than  the 
prefiure  of  the  atmofphere.  But  to  this  is  to  be 
fuperadded  all  the  increafe  of  expanfive  power 
produced  by  the  heat  generated,  which  is  cer- 
tainly very  intenfe,  though  its  exa£t  degree 
cannot  be  afeertained.  Suppofing  it  to  be  equal 
to  the  full  heat  of  red-hot  iron,  this  would 
increafe  the  expanfion  of  common  air  (and  alfo 
of  all  gaffes)  about  four  times,  which  in  the 
prefent  inftance  would  increafe  the  244  to  nearly 
xooo,  fo  that  in  a general  way  it  may  be  affirmed 
that  the  expanfive  force  of  clofely  confined  pow- 
der at  the  inftant  of  firing  is  1000  times  greater 
than  the  preffure  of  common  air:  and  as  this 
latter  is  known  to  prefs  with  the  weight  of  14! 
pounds  on  every  fquare  inch,  the  force  of  ex- 
plofion of  gunpowder  is  1000  times  this,  or, 
14750  lb.  or  about  fix  tons  and  a half  on  every 
fquare  inch.  This  enormous  force,  however, 
diminifhes  in  proportion  as  the  elaftic  fluid 
dilates,  being  only  half  the  ftrength  when  it 
occupies  a double  fpace,  one-third  of  the  ftrength 
when  in  a triple  fpace,  and  fo  on. 

Mr.  Robins  found  that  the  ftrength  of  pow- 
der is  the  fame  in  all  variations  of  the  denfity  of 
the  atmofphere,  but  not  fo  in  every  ftate  of 
moifture,  being  much  impaired  by  a damp  air, 
or  with  powder  damped  by  carelefs  keeping  or 
any  other  caufe,  fo  that  the  fame  powder  which 
will  difeharge  a bullet  at  the  rate  of  1700  feet 
in  a fecond  in  dry  air,  will  only  propel  it  about 
1200  feet  when  the  air  is  fully  moift,  and  a 
fimilar  difference  holds  between  dry  and  moift 
powder. 

A very  confiderable  variation  is  found  in  the 
proportions  of  the  ingredients  of  the  powder  of 
different  nations  and  different  manufactories, 
nor  is  it  exaClly  afeertained  whether  there  is 
any  one  proportion  which  ought  always  to.be 
adhered  to  and  for  every  purpofe.  The  govern- 
ment powder  made  in  this  country  is  the  fame 
for  cannon  as  for  fmall  arms,  the  difference 
being  only  in  the  fize  of  the  grains,  but  in  France 
it  appears  that  there  were  formerly  fix  different 
forts  manufactured,  namely,  the  ftrong  and  the 
weak  cannon  powder,  the  ftrong  and  the  weak 
mufquet  powder,  and  the  ftrong  and  the  weak 
piftol  powder.  The  following  are  the  propor- 
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tions  in  each,  though  the  rcafon  of  this  nicety 
of  diftindtion  is  not  very  obvious.  For  the 
ftrong  cannon  powder  the  nitre,  fulphur,  and 
charcoal  were  in  the  proportions  of  ioo  of  the 
firft,  25  of  the  fecond,  and  25  of  the  third  : for 
the  weak  cannon  powder,  100,  20,  and  24: 
for  the  ftrong  mufquet  powder,  100,  18,  and 
20;  for  the  weak,  100,  15,  and  18:  for  the 
ftrong  piftol  powder,  100,  12,  and  15;  for  the 
weak,  100,  10,  and  18. 

The  Chinefe  powder  appears  by  the  analyfis 
of  Mr.  Napier  to  be  nearly  in  the  proportions 
of  100  of  nitre,  18  of  charcoal,  and  1 1 of  ful- 
phur. This  powder  which  was  procured  from 
Canton  was  large-grained,  not  very  ftrong,  but 
hard,  well-coloured,  and  in  very  good  prefer- 
vation. 

The  fulphur  is  not  (properly  fpeaking)  a ne- 
ceffary  ingredient  in  gunpowder,  fince  nitre  and 
charcoal  alone  well  mixed  will  explode,  but  the 
ufe  of  the  fulphur  feems  to  be  to  diftufe  the  fire 
inftantaneoufly  through  the  whole  mafs  of  pow- 
der. But  if  the  following  experiments  are  cor- 
re£t,  it  ffiould  feem  that  the  advantage  gained 
by  ufing  fulphur  in  increafing  the  force  of  ex- 
plofion  only  applies  to  fmall  charges,  but  in 
quantities  of  a few  ounces  the  explofive,  or  at 
leaft  the  projecting  force  of  powder  without  ful- 
phur, is  full  as  great  as  with  fulphur. 

The  following  are  a few  out  of  many  trials 
made  at  the  Royal  Manufactory  at  Effone,  near 
Paris,  in  the  year  1756,  to  determine  the  beft 
proportions  of  all  the  ingredients.  Of  powder 
made  with  nitre  and  charcoal  alone,  16  of  nitre 
and  4 of  charcoal  was  the  ftrongeft,  and  gave 
a power  of  9 in  the  eprouvette.  With  all  three 
ingredients,  16  of  nitre,  4 of  charcoal,  and  1 of 
fulphur,  raifed  the  eprouvette  to  15,  and  both  a 
lefs  and  a greater  quantity  of  fulphur  produced 
a fmaller  effedt.  Then  diminifhing  the  char- 
coal, a powder  of  16  of  nitre,  3 of  charcoal,  and 
1 of  fulphur  gave  a power  of  1 7 in  the  eprou- 
vette, which  was  the  higheft  produced  by  any 
mixture.  This  laft  was  aifo  tried  in  the  mortar- 
eprouvette  againft  the  common  proof  powder, 
and  was  found  to  maintain  a fmall  fuperiority. 
The  powder  made  without  fulphur  in  the  pro- 
portions above  indicated  was  alfo  tried  in  the 
mortar-eprouvette,  and  with  the  following  fin- 
gular  refult : when  the  charge  was  only  two 
ounces  it  projected  a fixty  pound  copper  ball 
213  feet,  and  the  ftrongeft  powder  with  fulphur 
projected  it  249  feet ; but  in  a charge  of  three 
ounces,  the  former  projected  the  ball  475  feet 
and  the  latter  only  472  feet : and  on  the  other 
hand  the  great  inferiority  of  force  in  the  fmaller 
vol.  1. 


eprouvette  of  the  powder  without  fulphur  has 
been  juft  noticed. 

Gunpowder  is  reckoned  to  explode  at  about 
6oo°  Fahr.  but  if  heated  to  a degree  juft  below 
that  of  faint  rednefs,  the  fulphur  will  moftly 
burn  off,  leaving  the  nitre  and  charcoal  un- 
altered. The  gaffes  produced  by  the  explofion 
of  powder  have  not  been  analyzed  with  accura- 
cy fince  the  difcovery  of  all  the  varieties  of  gaffes 
with  the  bafis  of  carbon,  but  they  are  certainly 
carbonic  acid,  fulphureous  acid  gas,  and  car- 
buretted  hydrogen.  The  refidue  is  chiefly  a 
fulphuret  of  potath  formed  by  a part  of  the  ful- 
phur uniting  with  fome  of  the  alkali  of  the 
nitre,  and  hence  the  hepatic  fmell  of  a foul  and 
damp  gun-barrel. 

The  analyfis  of  gunpowder  performed  with 
fufficient  accuracy  for  molt  practical  purpofes 
is  very  eafy  and  fimple,  but  an  abfolutely  accu- 
rate analyfis  is  more  difficult.  The  ufual  way 
is  firft  to  boil  the  powder  with  three  or  four 
times  its  weight  of  water,  edulcorating  it  with 
more  hot  water  till  no  faline  tafte  remains. 
This  extracts  the  nitre  only,  the  quantity  of 
which  may  be  either  afcertained  by  drying  the 
refidue  and  eftimating  as  nitre  all  the  lofs  of 
weight,  or  more  diredtly  by  evaporating  the 
watery  folution.  If  the  refidue,  confifting  of 
the  fulphur  and  charcoal,  is  now  fpread  on  a 
earthen  plate  of  any  kind  and  flowly  heated, 
the  fulphur  takes  fire  and  burns  off  gradually, 
whilft  the  charcoal  remains  untouched,  when 
the  heat  is  kept  down  fufficiently.  Beaume 
found  however  that  when  all  the  fulphur  is  ex- 
pelled which  will  be  driven  off  in  this  heat,  a 
certain  portion  will  ftill  remain  and  will  not 
burn  away  at  a lower  temperature  than  will 
confume  the  charcoal,  fo  that  to  the  laft  the 
burning  refidue  will  fmell  ftrongly  fulphureous. 
This  retained  portion  of  fulphur  he  finds  by  the 
refults  of  many  other  experiments  to  be  very 
uniformly  about  one  twenty-fourth  part  of  the 
whole  fulphur  employed,  whence  for  all  com- 
mon purpofes  an  adequate  'correction  may  be 
made  by  eftimating  that  the  flow  weak  combuf- 
tion  of  the  refidue,  after  the  nitre  has  been  got 
out,  deftroys  only  of  the  fulphur  inftead  ofthe 

whole.  On  trying  to  feparate  them  by  an  alka- 
line folution,  he  found  fome  of  the  fulphur  to 
remain  undifl'olved  and  ftill  adhering  to  the 
charcoal.  The  way  to  enfure  perfedl  accuracy 
in  analyfis  would  be  firft  to  feparate  the  nitre 
by  hot  water,  then  to  acidify  all  the  fulphur  by 
the  nitric  acid,  to  diflolve  and  to  precipitate  it 
by  a folution  of  nitrat  or  muriat  of  barytes,  and 
from  the  known  conftituents  of  this  fait  to  find 
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the  quantity  of  fulphur,  whilft  the  charcoal 
here  remains  perfectly  untouched. 

The  difcovery  of  the  aftonilhing  fulminating 
property  of  the  falts  with  the  Oxymuriatic 
acid  led  feveral  chemifts  to  the  idea  of  fub- 
ftituting  the  oxymuriat  of  potafh  to  the  nitre  in 
the  manufafture  of  gunpowder,  and  experi- 
ments have  been  made  on  a fufficient  fcale  to 
(hew  that  this  gunpowder  far  exceeds  the  com- 
mon powder  in  energy  of  explofive  power.  The 
oxymuriats  however  appear  to  a£t  in  a different 
manner  from  the  mixtures  with  nitre,  and  to 
exert  all  their  power  extremely  fuddenly  and  in 
a very  fmall  fpace,  fo  as  to  deftroy  every  fub- 
ftance  in  immediate  contact  with  them  at  the 
time  of  explofion,  but  to  be  inferior  in  proje£tile 
force  to  common  gunpowder.  All  the  explofive 
compounds  with  the  oxymuriats  have  alfo  the 
very  dangerous  property  of  exploding  with  very 
moderate  fri£lion,  and  hence  they  have  never 
been  employed  in  the  large  way. 

GYPSUM. a 

Of  the  mineral  fpecies  there  are  two  families 
characterized  by  the  prefence  or  abfence  of 
water  of  cryftallization. 

lft  Family.  Affords  by  diftillation  about  20 
per  cent,  of  water ; and  at  a temperature  below 
a red  heat  becomes  an  opake  white  powder. 

1.  Subfpecies.  Selenite.  Chaux  Sulfatee. 
Hauy.  Broad-foliated  Gypfam.  Kirw.  Selenite, 
Broch.  Selenite.  Jamefon.  Spathiger  Gips.  Em- 
merl.  Fraueneis.  Wern. 

It  is  either  colourlefs,  or  yellowiih  and  grey- 
ifh  white,  fmoak-grey  ; wax,  honey,  and  ochre- 
yellow  and  yellowifh-brown  : it  alfo  not  unfre- 
quently  exhibits  an  iridefcent  play  of  colours. 

It  occurs  in  mafs  or  cryftallized.  The  pri- 
mitive form  of  its  cryftals  is  a {trait  quadrangu- 
lar prifm,  the  bafes  of  which  are  oblique  paral- 
lelograms, and  the  angles  zrr  1 130  : 7' : 48"  and 
6 6°  : 52'  : 32''.  The  chief  varieties  of  cryftalliza- 
tion that  it  is  found  to  undergo  are  the  following. 

1.  A thin  oblique  parallelopiped  bevilled  un- 
equally on  all  its  four  fides.  When  the  cryftal 
is  fhort,  the  planes  of  its  bafes  approach  to  the 
rhomb,  but  when  it  is  long,  they  become  length- 
ened oblique  parallelograms  j in  either  cafe  the 
plane  angles  are  alternately  126°  : 52'  :i2'': 
and  530  : 7*1  48". 

2.  The  long  variety  of  the  preceding,  in 
which  the  parallelograms  of  the  bafes  are  con- 
verted into  hexagons,  whence  the  refult  will  be 
a lengthened  hexahedral  table  with  equal  oppo- 
fite  angles  and  bevilled  unequally  on  all  the  fix 
(ides.. 


3.  Another  variety  is  produced  by  No.  r. 
being  divided  into  two  equal  parts,  by  a plane 
paffmg  parallel  to  the  two  longeft  fides,  and 
thefe  halves  being  half  turned  round  upon  each 
other : in  confequence  of  this  the  planes  at  the 
bafes  will  be  hexagons,  with  one  re-entering 
angle  oppofite  to  an  equal  faliant  one. 

4.  An  oClohedral  prifm  with  alternate  broad 
and  narrow  fides,  terminated  by  tetrahedral 
fummits. 

5.  A ftrait  hexahedral  prifm  of  which  the 
bafes  are  {lightly  convex.  When  the  prifm  dis- 
appears the  cryftal  pafles  into  the  next  variety. 

6.  A fpherical  convex  lens.  Thefe  lenfes 
are  either  folitary  or  fet  edge-wife,  forming  the 
cock’s-comb  gypfum,  or  arranged  circularly  like 
the  petals  of  a flower,  or  adhering  together  in 
pairs  by  part  of  the  furface  near  the  extremity 
of  the  difle,  thus  forming  a faliant  angle  oppofite 
to  a re-entering  one  ; when  feveral  of  thefe 
are  accumulated  on  each  other,  diminifhing  gra- 
dually in  fize,  and  the  faliant  angle  of  the  in- 
ferior pair  fitting  into  the  re-entering  angle  of 
the  fuperior  pair,  an  aggregate  is  produced  re- 
fembling  the  head  of  an  arrow ; this  variety  is 
often  found  a foot  or  more  in  length. 

The  planes  correfponding  to  the  bafes  of  the 
original  prifm  are  fmooth,  and  more  or  lefs  fpe- 
cular,  the  others  are  longitudinally  ftriated  and 
(hining.  The  magnitude  of  the  cryftals  varies 
from  middle-fized  to  large.  Its  internal  luftre 
is  bright  {Lining  between  vitreous  and  pearly. 

The  frafture  of  felenite  is  perfectly  foliated 
either  ftrait  or  curved : it  is  divifible  in  three 
direftions,  of  which  one  parallel  to  the  bafe  of 
the  original  prifm  is  very  well  determined,  and 
the  two  other  lateral  divifions  may  be  obtained 
by  gently  and  judicioufly  ftriking  a thin  lamina 
with  any  hard  body  j the  furfaces  thus  difeo- 
vered  are  however  much  lefs  fhining  than  the 
former.  The  fragments  are  rhomboidal,  fpe- 
cular  on  two  furfaces,  and  ftriated  on  the  four 
others.  When  in  mafs  it  fometimes  prefents 
coarfe  granular  or  teftaceous  diftintft  concre- 
tions. It  is  commonly  tranfparent,  but  fome- 
times only  tranflucent,  and  has  then  often  a 
difagreeable  odour  when  rubbed.  It  poflefles 
a double  refra£fion  ; is  fo  foft  as  to  be  fcratch- 
ed  by  calcareous  fpar  ; is  flexible  jn  thin  plates, 
but  not  elaftic  5 is  eafily  frangible,  but  not  very 
brittle.  Sp.  gr.  2.26  to  2.32. 

It  is  infufible  in  the  focus  of  the  moft  power- 
ful lens,  nor  does  it  yield  to  a blow-pipe  fup- 
plied  with  oxygen  gas,  if  it  is  not  laid  on  a. 
charcoal  fupport.  When  expofed  to  the  com- 
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mon  blow-pipe  it  undergoes  little  alteration  if 
the  flame  is  directed  to  the  furface  of  the  lami- 
nae, but  if  the  interior  blue  flame  is  made  to 
play  on  the  edges  of  the  laminae,  or  the  ftriated 
furfaces,  it  foon  melts  into  an  opake  white  glo- 
bule, probably  in  confequence  of  its  acid  being 
partly  converted  into  fulphur.  When  dried  as 
highly  as  poflible  without  injuring  its  tranfpa- 
rency  it  contains,  according  to  Ivirwan, 

Lime  - - - 34 

Sulphuric  acid  48 
Water  - - 18 


100 

Selenite  abounds  at  Mont  Martre  near  Paris, 
at  Shotover  hill  near  Oxford,  of  Angular  beauty 
at  the  falt-mines  in  Upper  Auftria,  alfo  in 
Saxony,  Spain,  and  elfewhere. 

2 Subfpecies.  Fibrous  Gypsum.  Gypfe 
Jibreufe,  Broch.  Fafriger  Gips,  Wern. 

Its  colour  is  fnow-white,  yellowifli,  greyilh, 
or  reddiih-white,  flefh  red  and  light  hyacinth 
brown  : feveral  of  thefe  colours  occaflonally  co- 
exift  in  the  fame  fpecimen,  forming  ftripes  and 
bands.  It  occurs  acicular  and  in  mafs,  but 
never  in  very  thick  beds.  Its  internal  luftre 
varies  from  gliflening  to  bright  Ihining,  with 
a pearly  luftre.  Some  varieties  notwithftanding 
their  fibrous  texture  are  almoft  fpecular.  Its 
fracture  is  parallel-fibrous  either  ftrait  or  curved, 
and  fometimes  almoft  palling  into  radiated  ; 
the  fibres  themfelves  vary  from  thread-lhaped 
to  broad  and  flattened.  In  the  department  of 
Aveyron  is  a remarkable  variety  of  gypfum, 
confifting  of  the  broad  foliated  or  felenite,  pene- 
trated at  right  angles  to  its  principal  fra&ure 
by  fibrous  gypfum,  hence  it  is  foliated  in  one 
dire£tion  and  fibrous  in  another. 

Its  fragments  are  long-fplintery.  It  is  femi- 
tranfparent  palling  into  femitranflucent ; when 
polilhed  it  becomes  iridefcent : its  hardnefs  is 
for  the  moll  part  fomewhat  inferior  to  the  pre- 
ceding fubfpecies  : it  is  eafily  frangible  and  is 
brittle.  Sp.  gr.  2.3.  It  never  effervefces  with 
acids.  It  is  affected  by  the  blow-pipe,  &c. 
in  the  fame  manner  as  the  preceding. 

3 Subfpecies.  Granulari.y  - foliated 
Gypsum  or  Alabaster.  Gypfe  lamelleux. 
Broch.  Korniger  gips.  Emmerl.  Blarttnger 
gips.  Wern. 

Its  colour  is  fnow-white,  greyilh,  yellowilh, 
or  reddilh  white ; flelh-red,  blood-red,  and 
brick-red;  wax-yellow,  fmoak-grey  and  greyilh 
black.  Several  of  thefe  colours  are  combined  in 
veins,  fpots,  and  bands.  It  occurs  malfive  and  in 
blunt-edged  fragments.  It  is  tranflucent ; its 
luftre  is  between  pearly  and  vitreous,  and  varies 


from  fiiining  to  gliftening.  Its  fracture  is  foliated, 
generally  fomewhat  curved,  and  palling  into  ra- 
diated ; its  fragments  are  indeterminately  angu- 
lar and  blunt-edged.  It  abounds  in  fine  and 
coarfe  granular  and  prifmatic  diftinct  concre- 
tions ; when  fine-grained  it  often  crumbles  be- 
tween the  fingers  like  tender  fandftone.  In 
hardnefs  it  exceeds  the  preceding  variety,  but  is 
eafily  frangible.  Sp.  gr.  2.27  to  2.31. 

It  generally  effervefces  more  or  lefs  with  acids 
on  account  of  the  carbonat  of  lime  with  which 
it  is  mixed.  There  is  a confiderable  external 
refemblance  between  this  and  granular  lime- 
ftone,  from  which  however  it  is  at  once  diftin- 
guilhable  by.  its  inferior  hardnefs.  It  pafl'es 
by  infenfible  degrees  into  the  next  fubfpecies. 

4 Subfpecies.  Compact  Gypsum  or  Ala- 
baster. Gypfe  compact e.  Broch.  Dichter  gips. 
Wern.  and  Emmerl. 

Its  colour  is  alh-grey,  palling  into  fmoak  and 
yellowilh-grey.  It  occurs  in  mafs.  Internally 
it  is  dull  with  a few  glimmering  particles.  Its 
fracture  is  even,  palling  into  fplintery  and  very 
fine  granular.  Its  fragments  are  indetermi- 
nately angular,  blunt-edged.  It  is  tranflucent 
on  the  edges,  is  foft  and  eafily  frangible,  but 
not  very  brittle,  has  a dry  but  not  a harlh  feel. 
Sp.  gr.  2.3.  Like  the  preceding  it  commonly 
effervefces  with  acids. 

5 Subfpecies.  Earthy  Gypsum.  Gypfe 
terreux.  Broch.  Gipferde.  Wern. 

Its  colour  is  yellowilh-grey  palling  into  yel- 
lowilh-white,  or  fnow-white.  It  is  compofed 
of  pulverulent  grains  flightly  adhering  together  : 
it  is  for  the  moll  part  dull,  but  contains  a few 
glimmering  particles ; has  a harlh  meagre  feel, 
but  is  not  gritty  between  the  teeth ; it  ftains  the 
fingers,  and  is  eaflly  broken  down  into  powder. 
When  heated  a little  below  rednefs  it  becomes  of 
a dazzling  white  : it  ufually  gives  a flight  effer- 
vefcence  with  acids.  It  is  of  rare  occurrence, 
and  appears  always  to  originate  from  depofitions 
made  from  water  that  has  flowed  over  a bed  of 
gypfum. 

II.  Family.  Affords  little  or  no  water  by 
diftillation ; does  not  become  opake  and  fall 
into  powder  at  a temperature  below  a red  heat. 

6 Subfpecies.  Anhydrous  Selenite.  Chau* 
Sulfatee  anhydre . Hauy. 

Its  colour  is  greyilh-white ; it  occurs  in  de- 
tached lamellae  or  in  flightly  cohering  foliated 
maffes.  It  is  divifible  with  equal  eafe  and  neat- 
nefs  in  all  directions,  hence  its  primitive  mole- 
cule is  a cube.  It  is  tranflucent,  and  pofleffes 
a confiderable  luftre.  Its  hardnefs  is  fomewhat 
fuperior  to  that  of  calcareous  fpar ; fp.  gr.  2.96. 

It  requites  a much  larger  quantity  of  water 
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for  its  folution  than  common  felenite.  Its  com- 
ponent parts  according  to  Vauquelin,  are 
Lime  - - - - 40 
Sulphuric  acid  - 60 

xoo 

It  has  hitherto  been  found  only  in  the  fait 
mines  of  the  canton  of  Berne  in  Switzerland. 

7 Subfpecies.  Muriacite  (of  Poda.)  Ssude 
muriate e gypfifere.  Hauy. 

The  colour  of  this  is  greyilh  white,  greyilh 
black,  or  reddifh  white.  It  occurs  in  lcofely 
adhering  re&angular  plates,  with  bright  fpecu- 
lar  furfaces ; its  primitive  molecule  is  a cube. 
Its  hardnefs  is  fuperior  to  that  of  common  gyp- 
fum.  It  is  weakly  faline  to  the  tafte,  it  requires 
4300  parts  of  water  for  its  folution.  It  has 
been  analyzed  by  Klaproth, b and  appears  to 
confift  effentially  of 

Gypfum  - - - 65 

Muriated  foda  - 35 


100 

It  is  found  in  the  falt-pit  of  Halle  in  the 
Tyrol,  and  is  called  by  the  miners  fcaly  gypfum 
(lchuppiger  gypsftein).  It  was  firft  introduced 
to  the  notice  of  mineralogifts  by  the  Abbe  Poda, 
who  erroneouily  fuppofed  it  to  confift  of  muriat 
of  lime. 

8 Subfpecies.  Granular  Anhydrous 
Gypsum.  Chaux  Sulfatee  Quartzifere.  Hauy. 
Pierre  de  Vulpino.  Bardiglio  marble  of  the  Sta- 
tuaries. 

Its  colour  is  greyifh  white,  veined  with  greyifh 
blue  ; its  fra£lure  is  fine-granular  palling  into 
fplintery  ; its  luftre  is  glimmering  ; its  hard- 
nefs is  inferior  to  that  of  ftatuary  marble,  but 
it  cannot  be  fcratched  by  the  nail.  Sp.  gr.  2.87. 

It  is  moderately  phofphorefcent  by  heat,  is 
very  fufible  before  the  blow-pipe,  and  effervefces 
ftrongly  with  acids.  It  confifts  according  to 


Vauquelin,  of 

Sulphated  lime  - - 92 
Silex  - - - - - 8 


100 

It  is  found  near  Vulpino  in  the  Bergamefe, 
and  is  employed  by  ftatuaries  for  chimney- 
pieces,  & c. 

Concerning  the  three  latter  fubfpecies,  which 
are  fuppofed  by  Hauy  to  belong  to  the  clafs  of 
anhydrous  gypfum,  it  will  be  neceffary  to  fay  a 
few  words.  Of  thefe  the  firft  (No.  6)  is  the 
only  one  that  has  been  analyzed  with  fufficient 


accuracy.  It  appears  to  have  been  taken  in 
hand  by  Vauquelin  himfelf,  and  therefore  there 
is  no  reafonable  ground  for  fufpedting  the  e» 
actnefs  of  the  given  analyfis  •,  we  may  there- 
fore conclude  it  to  be  afeertained  that  there 
cxifts  fuch  a combination  as  fulphuric  acid  and 
lime,  deftitute  of  water  of  cryftallization  •,  and 
that  this  combination  effentially  differs  from 
common  gypfum  in  the  cubical  form  of  its  mo- 
lecules, in  its  fuperior  hardnefs  and  greater  fpe- 
cific  gravity. 

The  gypfum  in  muriacite  is  fuppofed  by 
Hauy  to  be  anhydrous  merely  from  its  cubical 
molecule,  and  the  large  proportion  of  water 
required  for  its  folution  j yet  we  may  infer  that 
it  contains  water  from  the  refult  of  the  Abbe 
Poda’s  analyfis,  however  incorre£I  in  other  re- 
fpe£ts ; he  would  hardly  have  ftated  it  to  con- 
tain lime,  muriatic  acid,  and  "water , except  he 
had  a&ually  procured  fome  of  this  fluid  from  it 
by  diftillation.  The  Bardiglio  marble  is  fup- 
pofed to  belong  to  the  fame  family,  firft,  be- 
caufe  it  is  ftated  on  the  authority  of  Vauquelin 
to  contain  92  per  cent,  of  gypfum,  and  there- 
fore from  its  fpecific  gravity  amounting  to  2.87 
it  is  inferred  that  this  muft  be  the  anhydrous 
gypfum  whofe  fp.  gr.  is  2.96,  rather  than  the 
common,  whofe  fp.  gr.  does  not  exceed  2.32. 
We  are  very  much  inclined  however  to  dilbe- 
lieve  the  reported  analyfis,  not  from  any  fufpi- 
cion  of  the  accuracy  of  Vauquelin  himfelf,  but 
becaufe  we  are  perfuaded  that  many  analyfes 
made  in  his  laboratory  and  by  his  pupils,  are 
allowed  very  unjuftly  to  pafs  current  in  the 
world  under  the  name  and  authority  of  Vau- 
quelin. This  Bardiglio  marble  effervefces  very 
vehemently  with  nitrous  acid,  and  we  are  almoft 
inclined  to  fufpeft  that  in  the  analyfis  fulphat  of 
lime  has  been  inadvertently  mentioned  inftead 
of  carbonat  of  lime.  If  this  is  the  cafe  the  great 
fpecific  gravity  is  alfo  accounted  for,  that  of 
common  granular  limeftone  being  = 2.83,  and 
the  impure  varieties  of  the  fame  being  ftill 
heavier. 

There  appear  to  be  three  very  diftindb  for- 
mations of  gypfum.  The  oldeft  belongs  to  the 
clafs  of  primitive  mountains,  and  has  hitherto 
been  only  met  with  in  the  vicinity  of  Bellinzone, 
among  the  Italian  Alps.  It  forms  alternate 
bees  with  gneifs,  has  a fchiftofe  texture,  and 
abounds  in  mica.  Gypfum  of  the  fecond  for- 
mation refts  upon  the  oldeft  floetz  limeftone, 
and  is  difpofed  in  beds  alternating  with  fwine- 
ftone,  and  occafionaily  with  rock  fait.  The 
gypfum  of  this  formation  is  moftly  the  compact 
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anti  granuhrly  foliated,  it  contains  feveral  fub- 
fiances  imbedded  in  it,  fuch  as  quartz,  arrago- 
nite,  boracite  and  fulphur,  and  moil  of  the  lalt 
fprings  are  found  in  this  formation.  The 
molt  recent  gypfurn  refts  upon  the  fecond  fand- 
Itone  formation,  and  alternates  with  indurated 
clay  and  fandftone,  and  is  frequently  covered 
with  fecondary  floetz  limeftone ; fibrous  gyp- 
lura  is  chiefly  charaCteriftic  of  this  formation, 
and  it  contains  as  well  as  the  preceding  the 
bones  of  quadrupeds,  but  fcarcely  any  other 
organic  remains. 

Gypfurn  generally  forms  banks  and  hills  of 
little  elevation  in  plain  countries,  or  at  the 
mouth  of  large  vallies.  It  abounds  in  the  neigh- 
bourhood of  Paris,  at  the  foot  of  the  Alps  in 
Switzerland,  Italy,  and  Tyrol  ; in  Bavaria, 
Saxony,  Thuringia,  Poland  and  Spain ; in 


England,  in  Derbyfhire,  Yorkfhire,  and  Notting- 
hamfhire  ; in  Pennfylvania  in  North  America. 

The  ui'es  of  gypfurn  are  very  extenfive ; when 
it  is  fufficiently  compact  it  is  employed  by  the 
architect  for  columns  and  other  ornaments, 
being  eafier  to  work  than  marble;  it  is  alfo  turned 
by  the  lathe  into  cups,  bafons,  vales,  and  other 
fimilar  articles.  When  expofed  to  a low  red 
heat  it  parts  with  its  water  of  cryftallization, 
is  converted  to  a fine  powder  called  plafter  of 
Paris,  like  meal,  and  this  when  beaten  up  with 
water  to  the  confidence  of  pafte,  fhortly  after 
fets  and  becomes  folid,  hence  it  is  largely  ufed 
for  taking  calls  of  various  magnitude,  from  a 
medal  to  a coloflal  ftatue,  and  enters  into  the 
compofition  of  many  cements.  For  further 
particulars  relative  to  the  chemical  properties 
of  this  fubftance,  fee  Sulpi-iat  of  Lime. 
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HAEMATITE.  See  Iron,  Ons  of. 

HAIR.  The  chemical  compofition  of  hair 
appears  by  the  experiments  of  Mr.  Hatchett  to 
refemble  very  clofely  that  of  nail  and  horn. 
Boiling  water  extraCts  from  hair  a very  fmall 
portion  of  gelatin,  and  the  hair  after  drying  is 
l'omewhat  differ  and  more  brittle  than  before. 
The  chief  conflituent  of  hair  appears  to  be 
organic,  condenfed  albumen.  (See  Horn.) 

Hair  may  be  dyed  permanently  in  feveral 
ways.  A black  or  dark  colour,  which  is 
v generally  defired,  is  given  by  many  metallic 
folutions,  particularly  that  of  filver  much  weak- 
ened, but  thefe  are  liable  to  corrode  its  fub- 
ftance, if  not  carefully  ufed.  Pallas1  relates 
that  the  women  of  Aftracan  dye  their  hair, 
while  growing,  of  a fine  gloffy  black,  in  the 
following  way:  twenty-five  galls  are  firft  boiled 
in  oil,  then  dried  and  powdered:  to  this  is 
added,  3 drams  of  green  vitriol,  one  dram  of 
cream  of  tartar,  and  one  dram  of  indigo,  and 
the  whole  ftirred  up  with  a quart  of  water,  to 
which  is  added  a handful  of  the  dyeing  herb 
hcnne.  The  hair  is  anointed  with  this  over  night, 
care  being  taken  not  to  blacken  the  fkin,  and  is 
wafhed  in  the  morning.  This  application  gives 
a firming  black  which  lafts  feveral  months. 

HALBOPAL.  See  Opal. 
HARMATOME.  See  Staurolite. 

HARTSHORN,  Salt,  Spirit,  Oil,  & Earth  of. 

Salt  of  Hartjhot  n is  properly  the  carbonat  of 
ammonia,  prepared  by  the  firnple  diftillation  of 
bone,  or  flag’s  horn,  purified  by  rectification. 


It  is  a tolerably  pure  carbonat  of  ammonia,  but 
retaining  a ftrong  fub-empyreumatic  fcent  of  the 
animal  oil,  which  is  intimately  mixed  with  it, 
and  is  apt  to  render  it  yellow.  The  fpirit  of 
hartfhorn  is  this  ammoniacal  fait  diffolved  in 
alcohol,  by  the  medium  of  diftillation,  and  is  a 
ftrong  and  powerful  cordial  and  ftimulant. 

The  Oil  of  Hartfhorn  is  commonly  dark- 
coloured  and  fetid,  but  may  be  rendered  limpid 
and  fragrant  by  rectification.  It  is  then  called 
Dippel’s  Oil.  The  Earth  of  Hartfhorn  is  phof- 
phat  of  lime.  ( See  the  articles  Horn  and  Bone.^. 

HEAT.  See  Caloric. 

HEAVY-SPAR.  BarofeleniteYL\Tvt.  Schwer - 
/path,  Wern.  Spath  Pefant , Broch.  Baryte 
Sulfatee , Hauy. 

Of  this  mineral  there  are  the  following 
fubfpecies. 

1.  Subfpecies.  Foliated  Heavy-spar.  Ge- 
rad-fchaaliger  and  Krumm/chaa  iger  Schwerfpath , 
Wern. 

The  principal  colours  of  this  fubftance  are 
milk-white,  greyifh  yellowifh  and  reddifh-white, 
yellowifh-grey,  fmoak  and  pearl-grey,  wine 
yellow,  yeliowifh-brown,  flefh-red,  blood  and 
liver-red,  alfo  very  rarely  greyifh-black;  green- 
ifh-grey,  olive  and  oil-green;  bluifh-grey,  fmalt 
and  indigo-blue. 

It  occurs- cryftallized,  in  mafs,  reniform,  and 
globular. 

Its  primitive  figure  is  a ftrait  rhomboidal 
prifm,  the  meafure  of  whofe  angles  is  ioi°  30'’ 
and  78°  30':  and  this  is  again  divifible  by  planes 
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patting  through  the  diagonals  of  the  bafes,  into 
four  ftrait  triangular  priims,  with  rectangular 
bafes.  The  other  varieties  of  cryftallization 
that  it  prefents  are, 

1.  The  oCtohedron,  ufually  wedge-pointed, 
but  fometimes  regular. 

2.  The  primitive  figure  with  the  obtufe 
folid  angles,  replaced  by  triangular  planes. 

3.  A fix  fided  table,  fometimes  elongated. 

4.  A four  fided  table,  bevilled  at  the  edges. 

5.  The  fame  with  the  folid  angles  replaced 
by  quadrilateral  facets. 

6.  A comprefied  ten-fided  prifm,  with  dihe- 
dral fummits. 

7.  The  fame  as  No.  5.  with  the  lateral 
edges  replaced  by  narrow  quadrilateral  planes. 

8.  An  oCtohedral  prifm  more  or  lefs  com- 
preffed,  and  terminated  by  fummits  compofed 
of  feven  or  more  faces. 

9.  Lenticular,  either  fingle  or  aggregated. 

The  planes  of  the  cryftals  are  fmooth,  and 

generally  bright  fhining,  with  a pearly  luftre. 
Internally  it  varies  from  bright  fhining  to 
gliftening,  with  a luftre  between  pearly  and 
vitreous.  Its  fradure  is  either  ftrait,  or  curved 
foliated,  patting  occafionally  into  fplintery  and 
radiated;  the  ftrait  foliated  prefents  ftrait,  la- 
mellar, wedge-fhaped,  diftindf  concretions,  the 
curved  foliated  prefents  curved  and  thick  la- 
mellar diftinCt  concretions.  The  cryftallized 
varieties  pofiefs  a double  refradtion,  and  are 
tranfparent,  and  femitranfparent:  the  others  are 
moftly  tranflucent.  Its  hardnefs  is  between 
that  of  calcareous  and  fluor  fpars.  It  is  eafily 
frangible,  but  not  particularly  brittle.  Sp.  gr. 
4.  3 to  4-47- 

When  pure  it  does  not  effervefce  with  acids. 
It  melts  without  addition  before  the  blowpipe 
into  a white  enamel.  Its  component  parts  ac- 
cording to  Withering,  are 

Barytes  - - 67.  2 
Sulphuric  acid  32.  8 
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The  maflive  and  globular  varieties  generally 
however  contain  a little  fulphat  of  ftrontian, 
together  with  filex  and  iron. 

It  occurs  ufually  in  veins,  feldom  in  beds,  in 
rocks  of  almoft  every  formation,  from  primitive 
to  the  neweft  floetz-trap:  next  to  quartz  and 
calcareous  fpar,  it  is  the  mod  abundant  material 
of  mineral  veins,  and  particularly  of  thofe  which 
contain  galena  and  grey  antimony. 

2.  Subfpecies.  Columnar  Heavy  Spar. 
Btangen-Jpath,  Wern. 


Its  colour  is  milk-white,  yellowifli,  greyifh, 
and  greenifh-white.  It  occurs  always  cryftal- 
lized in  needle-fhaped  rhomboidal  prifms,  which 
are  columnarly  aggregated,  and  interfeCl  one 
another.  It  has  a brilliant,  pearly,  and  in 
fome  inftances,  almoft  femimetallic  luftre:  its 
longitudinal  fraClure  is  ftrait  foliated:  its  frag- 
ments are  rhomboidal:  it  is  foft,  eafily  frangible: 
fp.  gr.  4- 

It  is  found  in  metallic  veins,  in  Saxony  and 
Derbyfhire,  and  is  often  miftaken  for  white 
lead  ore;  from  which  however  it  differs,  in 
poflefling  lefs  luftre,  and  inferior  fpecific  gravity. 

3.  Subfpecies.  Bolognian  Spar.  Bolognefer 
fpath.  Wern. 

Its  colour  is  fmoak-grey,  palling  into  afh  and 
yellowifh-grey.  It  occurs  imperfe&ly  lenticular, 
and  in  comprefied  pieces.  Its  luftre  internally 
varies  from  fhining  to  gliftening  and  refinous. 
Its  fraCture  is  radiated,  patting  into  obfcurely 
foliated.  Its  fragments  are  wedge-fhaped,  or 
indeterminately  angular.  It  fometimes  occurs 
in  large-grained  diftinCt  concretions.  It  is 
ftrongly  tranflucent.  When  rubbed,  it  gives 
out  a fetid  fulphureous  odour.  In  other  cha- 
racters it  agrees  with  fubfpecies  1. 

It  is  found  imbedded  in  clay  and  marl  at 
Monte  Paterno,  near  Bologna  in  Italy.  For  its 
phofphorefcent  quality,  fee  Phosphori  folar. 

4.  Subfpecies.  Granular  Heavy  Spar. 
Korniger  Schwerfpath.  Wern. 

Its  colour  is  fnow-white,  milk-white,  and 
fmoak-grey.  It  occurs  always  in  mafs.  Its 
luftre  is  gliftening  and  pearly.  Its  fraCture  is 
fmall  and  fine  foliated,  patting  into  fplintery. 
Its  fragments  are  indeterminately  angular  and 
blunt-edged.  It  prefents  fmall,  fine-grained 
diftinCt  concretions.  It  is  feebly  tranflucent, 
is  moderately  hard,  and  eafily  frangible.  Sp. 
gr.  4-  38. 

It  undergoes  no  lofs  of  weight  by  ignition: 
its  component  parts  according  to  an  analyfis  by 
Klaproth,  are. 

Barytes  - - 6o1  „0  Slll  hat  0f  barytes 

Sulphuric  acid  30  / 7 r J 

Silex  - - - - 10 
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It  occurs  in  beds  with  galena,  at  Peggau  in 
Stiria,  in  the  vicinity  of  Freyberg,  and  at 
Schlangenberg  in  Siberia  with  malachite  and 
native  copper. 

In  its  external  appearance  it  Angularly  refem- 
bles  the  pureft  granular  limeftones,  but  may  be 
diftinguifhed  independently  of  chemical  cha- 
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rafters,  by  its  inferior  luftre,  and  fuperior 
fpecific  gravity. 

5.  Subfpecies.  Compact  Heavy  Spar.  Caivk 
of  the  Derbyfhire  miners.  Dichter  Schwerfpath> 
W ern. 

Its  colour  is  yellowifh-white,  palling  into 
greyifh-white.  It  occurs  in  mafs,  and  in  kid- 
ney lhaped  and  hemifpherical  nodules.  It  is 
cither  dull  or  has  a glimmering  luftre.  When 
dull,  its  frafture  is  coari'e  earthy;  when  glim- 
mering, its  frafture  is  fmall  radiated,  palling 
into  granularly  foliated.  Its  fragments  are  in- 
determinately angular,  and  blunt-edged.  It 
often  prefents  thick,  curved,  lamellar,  diftinft 
concretions.  It  is  opake;  fometimes  tranllucent 
on  the  edges;  has  a meagre  feel,  is  foft,  and 
eafily  frangible.  It  is  found  in  metalliferous 
veins  in  Saxony,  Savoy,  Derbyfhire,  & c. 

6.  Subfpecies.  Earthy  Heavy  Spar.-— 
Schiverfpath  erde , Wern. 

Its  colour  is  reddifh  or  yellowilh-white.  It 
occurs  in  mafs,  and  confifts  of  glimmering,  and 
-generally  coarfe  earthy  particles.  It  does  not 
ftain  the  fingers : it  is  either  pulverulent  or 
friable;  has  a meagre  and  fomewhat  coarfe, 
rough  feel.  It  occupies  cavities  in  veins  of 
heavy  fpar,  and  appears  to  be  the  dull  variety 
of  the  preceding  fubfpecies,  in  a fomewhat  lefs 
indurated  ftate.  It  is  found  near  Freyberg  in 
Saxony,  and  in  the  mining  diftrifts  of  Stafford- 
fhire  and  Derbyfhire  in  England. 

HELIOTROPE.  Heliotrop , Wern. 

Its  principal  colour  is  deep  leek  or  celandine 
green,  palling  into  mountain-green,  and  occa- 
fionally  into  dark  olive:  it  is  alfo  dotted  with 
opake  fpots  of  a blood  or  fcarlet  red,  or  ochre 
yellow.  It  occurs  maffive;  in  angular  or  rolled 
pieces.  Its  internal  luftre  is  gliftening,  nearly 
refinous:  its  frafture  is  large  and  imperfeftly 
conchoidal,  palling  into  fcaly : its  fragments 
are  indeterminately  angular,  and  fharp-edged. 
It  is  commonly  tranllucent  on  the  edges,  fome- 
times tranllucent. 

It  is  hard,  and  eafily  frangible-  Sp.  gr.  2.62 
to  2.  7- 

It  is  infufible  before  the  blowpipe  without 
addition. 

It  is  found  in  rocks  belonging  to  the  fioetz- 
trap  formation,  and  appears  to  be  the  conneft- 
ing  link  between  chalcedony  and  jafper;  accord- 
ing to  Werner,  it  is  an  intimate  mixture  of 
chalcedony  and  green  earth.  It  is  found  in 
Bucharia,  Perfia  and  Siberia  in  Alia;  in  Iceland, 
and  Upper  Saxony  in  Europe.  From  the  beau- 
ty of  its  colour,  and  its  hardnefs,  it  is  in  conli- 
derable  reqyieft  among  lapidaries.  That  which  is 


the  mod  tranllucent,  and  has  the  greateft  num- 
ber of  red  fpot6,  is  moft  efteemed:  it  is  known 
in  commerce  by  the  name  of  oriental  or  blood- 
jafper. 

HEPAR  \ Q c 
HEPATULE  / See  SuLPHURET- 
HEPATIC  AIR.  See  Sulphuretted  Hy» 
drogen. 

HOLZOPAL.  See  Opal. 

HOLZSTE1N.  See  Wood  petrefied. 
HOMBERG’s  PHOSPHORUS  is  the  com- 
mon Phosphorus,  (which  fee.) 

HONEY.  Miel,  Fr.  Der  Honlg , Germ. 

Honey,  the  moft  antiently  ufed  and  one  of 
the  moft  grateful  of  all  the  faccharine  juices,  is 
a natural  compound  of  a confiderable  portion 
of  fugar  intimately  mixed  with  feveral  other 
fubftances  that  give  it  its  llimy  confiftence,  its 
peculiar  colour,  fmell,  and  flavour,  together 
with  a fmall  portion  of  natural  acid. 

Honey  is  found  differing  much  in  confiftence 
and  colour,  being  fometimes  nearly  as  ftiff  as 
foft  fuet,  fometimes  as  thin  as  a balfam,  and  of 
various  lhades  of  yellow,  gold-colour,  brown, 
and  fometimes  nearly  white.  The  goodnefs  of 
honey  for  culinary  purpofes  is  chiefly  determined 
by  the  delicacy  of  flavour,  but  the  comparative 
quantities  of  fugar  and  other  chemical  differences 
have  not  been  much  examined. 

When  honey  is  gently  warmed  over  a flow 
fire  it  liquefies  and  a thick  feum  rifes  to  the  top, 
which  when  removed  leaves  the  honey  fome- 
what purer  than  before,  and  makes  the  defpu- 
mated  or  clarified  honey  ufed  in  pharmacy.  If 
the  honey  is  naturally  thick  it  ftiould  be  pre- 
vioufly  diluted  with  a little  water.  When  cla- 
rified honey  is  flowly  evaporated  it  becomes  a 
thick  tenacious  mafs,  lofes  its  delicacy  of  flavour, 
and  acquires  one  fomewhat  difagreeable,  be- 
comes brown  and  foul,  and  can  never  by  this 
means  be  made  to  yield  cryftals  of  pure  fugar. 
The  ftronger  the  heat,  and  the  browner  and 
higher-flavoured  it  becomes.  Whilft  evaporating, 
a vapour  rifes,  which  takes  fire  at  the  approach 
of  a candle  and  fills  the  houfe  with  a very  ftrong 
and  penetrating  fmell.  Neuman  obtained  from 
32  ounces  of  honey  by  diftillation  per  fe  on  a 
flow  fire  about  24  ounces  of  an  acid  watery 
liquor  mixed  with  a brown  oil.  The  refidue 
ftrongly  heated  gave  a coal  difficult  of  incine- 
ration. 

Owing  to  the  abundant  quantity  both  of  fugar 
and  of  extraft  or  mucilage  in  honey,  it  very 
readily  enters  into  the  vinous  fermentation  and 
yields  a very  ftrong  wine,  called  mead,  which 
polfefies  much  of  a honey  flavour  that  lefiens  by 
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keeping,  and  a very  ftrong  body.  Neuman  ob- 
tained a mead  from  36  ounces  of  honey  diluted 
with  4 quarts  of  warm  water  and  fermented 
with  yeaft,  which  by  diftiliation  and  redftification 
gave  8 ounces  of  ftrong  alcohol. 

The  moll  interefting  experiments  on  honey 
are  thofe  which  have  been  made  with  a view  of 
purifying  it,  and  feparating  the  truly  faccharine 
part  from  every  other.  For  the  purification 
from  its  peculiar  flavour  which  is  offenfive  to 
fome  palates,  and  from  the  yellow  colour,  mere 
defpumation  and  the  other  ufual  modes  of  cla- 
rification will  not  ani'wer;  Mr.  Lowitz  has 
indeed  found  that  when  diluted  with  water  and 
paHed  through  frefli  burnt  charcoal  a it  loft  its 
fmell  and  colour,  but  on  again  infpiffating  it  by 
a very  gentle  fire,  it  foon  acquired  its  former 
brown  colour  and  did  not  {hew  any  tendency 
to  cryftallization.  By  long  keeping,  this  honey 
fpontaneoufly  feparated  into  a mafs  of  white 
concrete  granulated  matter  entangled  in  a vifcid 
flime.  In  this  ftate  it  relembled  the  white  con- 
crete natural  honey  often  met  with.  This 
concrete  matter  was  diflolved  by  hot  alcohol, 
which  left  the  other  part  nearly  untouched. 
On  letting  the  alcoholic  folution  ftand  at  reft 
for  fome  days  a number  of  fpherical  knobs 
began  flowly  to  feparate,  which  gradually  in- 
creafed,  forming  a fnow-white  cruft,  which  on 
being  removed  and  dried  would  bear  cutting 
with  a knife  into  thin  flices.  This  appeared  to 
be  the  faccharine  part  of  the  honey  in  a con- 
fiderable  ftate  of  purity,  but  ftill  fo  intimately 
united  with  fome  other  ingredient  as  not  to  be 
cryftallizable,  as  pure  fugar  is,  but  only  to  fepa- 
rate in  thefe  cauliflower-like  knobs,  which  ex- 
amined by  the  microfcope,  appeared  compofed 
of  fmall  thin  longifti  cryftals. 

Mr.  Lowitz  alfo  gives  as  charafteriftic  dif- 
ferences between  this  white  fugar  of  honey  and 
common  white  fugar,  that  the  former  is  ren- 
dered brown  by  lime-water,  and  with  lime  in 
fubftance  and  a little  water  a ftrong  effervef- 
cence  takes  place,  and  the  mixture  becomes 
black,  thick,  and  naufeous,  which,  clarified  by 
charcoal  and  evaporated  nearly  to  drynefs,  leaves 
a bitter  yellow  extradh  None  of  thefe  appear- 
ances take  place  with  lime  and  common  white 
fugar,  neither  difcolouration  nor  decompofition 
being  produced.  The  cauftic  fixed  alkalies  alfo 
produce  a fimilar  efFe£f  upon  the  fugar  of  honey, 
but  not  upon  common  fugar.  ( See  the  article 
Sugar.)  The  faccharine  part  of  honey  there- 
fore appears  molt  intimately  combined  with  the 
extractive,  and  it  appears  probable  that  no  diredt 
attempts  to  procure  pure  fugar  from  honey  will 


fucceed,  except  by  going  through  the  whole 
procefs  by  which  fugar  is  obtained  from  the 
cane  juice.  In  this  latter  way,  and  with  the 
ufe  of  claying,  Neuman  afferts  that  he  has  ob- 
tained a good  fugar  from  honey  refembling  the 
fine  moift  fugars  prepared  in  this  way,  but  ftill 
not  in  the  form  of  hard  well-defined  cryftals. 

Honey  is  often  adulterated  with  flour,  which 
may  be  detedled  by  diffufing  it  in  blood-warm 
water,  by  which  all  the  honey  will  be  diflolved 
and  the  flour  remain  nearly  unaltered,  and  a 
fubfequent  boiling  of  the  refidue  in  the  water 
will  convert  the  flour  into  thick  pafte. 

Honey  is  ufed  only  for  culinary  and  medicinal 
purpofes.  The  diftilled  acid  fpirit  was  formerly 
thought,  but  quite  erroneoufly,  to  be  a folvent 
for  gold  and  filver.  The  fame  honey-water  has 
the  reputation  of  making  the  hair  grow,  and 
with  as  little  foundation. 

HONEYSTONE.  \ c ,, 

HONIGSTEIN.  /Sec  Mellite. 

HORN. 

Under  the  general  article  of  horn  may  be 
included  (chemically  confidered)  a great  variely 
of  tough,  fomewhat  flexible,  femitranfparent 
organs  intended  by  nature  for  defence  or  cover- 
ing. Of  this  kind  are  the  hollow  horns  of  the 
ox,  goat,  ram,  and  fome  other  animals,  the 
hoof,  the  horny  claw  and  nail,  and  the  horny 
fcale  of  certain  infedfs  and  animals,  chiefly 
cold-blooded,  fuch  as  the  Jhell  (fo  called)  of  the 
tortoife.  All  thefe  refemble  each  other  very 
clofely  in  chemical  charadfer,  and  differ  confi- 
derably  from  fome  of  the  harder  and  bony 
defences  of  fome  animals,  fuch  as  the  ftag’s- 
horn,  ivory,  and  the  hard  tufks  of  the  fea-cow, 
and  many  others. 

Horn  (ufed  in  the  above  general  fenfe)  has 
various  degrees  of  hardnefs,  but  is  always  in 
fome  degree  tough  and  flexible,  even  in  the 
cold,  fo  that  however  dried,  it  cannot  be 
bruifed  to  powder  as  bone  can.  It  is  alfo  dil'- 
tinguilhed  from  bone  very  remarkably,  in  being 
foftened  very  compleatly  by  heat,  either  naked, 
or  through  the  medium  of  water,  fo  as  then  to 
be  readily  bent,  moulded,  and  made  to  adhere 
by  preflure  to  other  pieces  of  horn  in  the  fame 
ftate. 

No  fuch  change  takes  place  with  bone. 

The  valuable  experiments  of  Mr.  Hatchett1, 
with  thofe  of  proceeding  chemifts,  have  alfo 
fhewn  a moft  decided  chemical  difference  be- 
tween horn  and  bone.  When  bone  is  boiled 
with  water  in  an  open  vefl'el,  (as  mentioned 
under  that  article)  a large  quantity  of  gelatin 
is  extracted,  and  the  infoluble  refidue  confifta 


* Phil.  Pranf.  vol.  90.  p.  37a, 


H OR 


H O R 


( 553  ) 


of  the  earth  of  bone,  together  with  the  albumi- 
nous cartilage,  fo  that  the  texture  remains 
unbroken.  On  the  other  hand,  the  different 
fpecies  of  horn  boiled  with  water  even  for 
many  days,  give  to  it  but  very  little  gelatin,  or 
any  other  principle,  but  of  this  fmall  portion  of 
gelatin,  the  fofter  and  more  flexible  horns  give 
the  mod.  The  horn  itfelf  during  the  digeftion, 
is  foftened  confiderably  by  the  hot  water,  but 
on  being  taken  out  and  dried,  it  becomes  more 
brittle  than  at  firft,  and  in  proportion  to  the 
lofs  of  gelatin.  Bone  therefore  contains  much 
gelatin,  and  horn  fcarcely  any. 

Another  difference  appears  after  the  utmoft 
a£tion  of  fire  on  each.  When  bone  is  burnt, 
a number  of  fubftances  are  procured,  as  de- 
fcribed  under  that  article,  and  the  laft  refidue 
is  an  earthy  fait,  chiefly  phofphat  of  lime, 
amounting  on  an  average  to  from  half  to  one 
third  of  the  entire  weight  of  the  bone.  When 
horn  is  treated  in  the  fame  way,  the  volatile 
products  are  indeed  the  fame,  or  nearly  fo, 
but  inftead  of  a large  earthy  refidue,  fcarcely 
any  earth,  or  any  other  combuftible  matter 
remains.  Bone  therefore  contains  much  phof- 
phat of  lime,  but  horn  hardly  any. 

But  the  fubftance  which  they  poflefs  in  com- 
mon is  that  condenfed  tough  matter,  infoluble 
in  water  and  weak  acids,  which  Mr.  Hatchett 
Iras  fo  fatisfa&orily  (hewn  to  refemble  albumen 
in  all  effential  properties,  and  which  in  bone 
forms  the  original  organic  cartilage  on  which 
the  earth  is  depofited  during  the  growth  of  the 
animal,  and  in  horn  forms  almofl  the  whole 
fubftance. 

The  peculiar  properties  that  identify  this 
fubftance  with  the  albumen  of  eggs,  have  been 
already  fully  defcribed  under  the  articles  Bone, 
Albumen,  and  Gelatin , and  need  not  be  here 
repeated. 

Horn  therefore  feems  to  confift  in  by  far 
the  largeft  proportion  of  condenfed  albumen, 
combined  however  with  a fmall  and  varying 
portion  of  gelatin,  which  modifies  its  texture 
and  flexibility,  and  alfo  with  a fmall  portion  of 
phofphat  of  lime. 

It  has  been  mentioned  that  boiling  water  in 
open  veffels  had  hardly  any  action  on  horn,  but 
when  confined  in  a digejler , horn  as  well  as  bone 
is  totally  foluble,  becaufe  water  aflifted  by  the 
ftrong  heat  of  a digefter,  will  diffolve  condenfed 
albumen  as  well  as  gelatin.  This  method  there- 
fore is  not  fufficiently  diftinCtive  for  chemical 
analyfis. 

The  fixed  alkalies  readily  and  totally  diffolve 
horn  into  a yellow  faponaceous  liquor. 

VOL.  i. 


The  produ&s  obtainable  from  horn  and  bone 
of  all  kinds  by  diftillation  per  fe,  were  early 
attended  to  by  chemifts,  as  it  is  from  thefe 
fubftances  that  a variety  of  valuable  ammoniacal 
falts  and  preparations  are  obtained. 

The  products  from  bone  and  horn  by  fire 
are  very  fimilar,  as  it  is  only  the  foft  parts, 
fuch  as  gelatin  and  albumen,  that  are  decom- 
pofed  in  the  procefs,  the  earthy  phofphat  re- 
maining inert  without  adding  to  or  modifying 
the  volatile  products.  Thefe  latter  are  a weak 
ammoniacal  phlegm  or  water,  on  the  firft  im- 
preflion  of  the  fire,  to  which  fucceeds  an  oil 
thin  and  limpid  at  firft,  but  afterwards  brown 
and  foul,  and  at  laft  of  a pitchy  colour  and 
confiftence,  and  an  extremely  fetid  empyreu- 
matic  fmell.  During  the  whole  of  the  diftil- 
lation, carbonat  of  ammonia  comes  over,  partly 
diffolved  in  all  the  liquid  produfts,  and  partly 
concreting  on  the  fides  of  the  receiver  in  cryftal- 
line  plates.  A fecond  diftillation  with  regulated 
heat  is  ufed  to  procure  the  ammonia  purer; 
but  it  can  hardly  ever  be  totally  freed  by  this 
means  from  the  volatile  oil;  fo  that,  though 
limpid  and  gratefully  ammoniacal,  the  alkaline 
liquor  or  fait  thus  obtained,  always  retains 
fomewhat  of  the  peculiar  fmell  of  the  oil,  as 
muft  be  obferved  by  every  one  who  compares 
the  fcent  of  common  /pint  of  hartjhorn  with  that 
of  the  pure  carbonat  of  ammonia  or  fal  volatile , 
which  is  prepared  in  a different  way,  and  from 
other  materials. 

But  horn  ^properly  fpeaking)  is  feldom  em- 
ployed for  the  purpofe  of  diftillation,  being  too 
valuable  as  an  article  of  manufacture  to  be 
thus  facrificed.  The  only  horn  ever  ufed  thus 
is  the  flag's  or  hartfhorny  which  as  above  men- 
tioned, partakes  much  more  of  the  nature  of 
bone,  is  not  flexible  like  ox  and  other  horn ; when 
in  (havings,  readily  diffolves  by  boiling  water 
into  a pure  nutritious  gelly,  entangling  the 
phofphat  of  lime  along  with  it,  which  makes  it 
(lightly  opake.  Stag’s  horn  therefore  is  fomewhat 
intermediate  in  properties  between  bone  and  true 
horn. 

Horn  and  tortoife  (hell  being  applied  to  a 
number  of  mechanical  purpofes,  muft  be  cut, 
bent  and  (haped  in  an  infinite  variety  of  ways. 
This  is  done  in  mod  inftances  by  the  afliftance 
of  heat  applied  either  dry,  with  warmed  irons  or 
burning  charcoal,  or  by  foftening  the  horn  in 
boiling  water,  and  fometimes  with  the  afliftance 
of  a weak  alkaline  liquor.  When  thus  foftened, 
one  part  may  be  made  to  adhere  to  another  by 
mere  preflure  as  firmly  as  the  undivided  fub- 
ftance. Thus  for  example,  to  make  the  horn 
4.4 


HOR 


HO  R 


( 554  ) 


ring  that  furrounds  a common  opera  glafs,  a flat 
piece  of  horn  is  cut  out  of  the  requifite  fhape, 
the  ends  intended  to  join  are  thinned  down  by  a 
file,  the  piece  is  then  put  into  boiling  water  till 
fufficiently  fupple,  and  is  then  rolled  round  a 
warmed  iron  cylinder,  and  held  in  that  pofltion 
by  a vice,  fo  that,  the  ends  overlap  each  other. 
Another  piece  of  iron  heated  and  grooved  is 
then  laid  upon  the  feam  of  the  joined  ends,  and 
prefled  upon  the  cylinder,  and  confined  there  by 
iron  wire;  and  the  heat  of  the  two  partially 
melts  that  portion  of  the  horn,  and  cements 
the  ends  fo  compleatly,  that  no  feam  or  joining 
can  be  obferved  when  cold. 

In  a fimilar  manner,  two  pieces  of  tortoife- 
fhell  may  be  joined  together,  by  firft  neatly 
fhaping  with  a file  the  parts  that  are  to  be 
united,  then  tying  a thick  paper  doubled  in 
feveral  folds  over  the  joining,  and  prefling  the 
whole  together  with  a hot  iron  inllrument  like 
curling  irons,  heated  juft  fufficiently  that  the 
Ihell  when  warmed  by  it,  will  begin  to  bend  by 
its  own  weight.  When  cold,  the  joining  is 
perfeft,  and  without  feam.  Too  great  heat 
would  make  the  {hell  rife  in  white  opake  b lifters, 
and  fpoil  its  beauty. 

Horn  is  made  to  imitate  tortoife-fhell,  in  the 
following  manner:1  make  a pafte  with  tw-o 
parts  of  quick-lime,  one  of  litharge,  and  a little 
{bap-makers’  ley,  or  folution  of  cauftic  pot- 
afh;  apply  it  {kilfully  on  a thin  plate  of  horn  in  a 
way  that  will  beft  imitate  the  natural  fpots  of 
the  tortoife-lhell,  leaving  the  light  parts  un- 
touched-, let  this  pafte  dry  on,  then  bruffi  it  off", 
and  the  horn  will  be  permanently  ftained.  The 
effect  is  much  improved  by  laying  beneath  it 
when  ufed,  a piece  of  brafs  leaf.  This  ftaining 
may  be  varied  at  pleafure,  by  fubftituting  other 
coloured  fubftances  to  the  litharge. 
HORNBLENDE.  Amphibole , Hauy. 

Of  this  mineral  there  are  the  following  fub- 
fpecies. 

I.  Basaltic  Hornblende.  Bafaltifche 
Hornblende , Wern. 

Its  colour  is  pure  black,  greyilh  or  greenifli- 
black  : by  decompofition  it  becomes  brownift- 
black  and  acquires  a fuperficial  varying  tint  of 
colour.  It  occurs  almoft  always  in  fingle  im- 
bedded cryftals.  Its  primitive  form  is  an  oblique 
prifm  with  rhornboidal  bafes,  the  angles  of 
which  are  refpeflively  122°  : 5 6'  and  570  : 4'. 
The  other  varieties  of  cryftallization  that  it 
offers  are, 

1.  A fix-fided  prifm  with  trihedral  rhornboidal 
fummits. 


2.  The  fame  prifm  terminated  at  one  ex- 
tremity by  a tetrahedral  and  at  the  other  by  a 
dihedral  fummit. 

3.  The  fame  as  No.  x,  except  that  one  of  the 
fummits  is  dihedral. 

4.  The  fame  as  No.  2,  except  that  four  fmall 
rhornboidal  facets  are  added  to  the  dihedral 
fummit. 

5.  A fix-fided  prifm  terminated  at  each  ex- 
tremity by  fix  facets,  but  diflimilar. 

The  cryftals  are  fmall  and  middle-fized.  The 
furface  is  fmooth  and  fhining  except  where  it 
happens  to  be  covered  by  a thin  oehery  cruft. 
Its  longitudinal  fra£ture  is  perfectly  ftrait  foli- 
ated ; the  crofs  fra&ure  is  uneven  and  fmall 
conchoidal : the  luftre  of  the  principal  frablure 
is  bright-ffiining,  that  of  the  other  is  glimmering 
and  vitreous.  The  fragments  are  indeterminately 
angular  approaching  to  rhornboidal.  It  is  opake, 
gives  a greyilh  white  ftreak,  is  moderately  hard 
and  eafily  frangible  -,  it  exhales  an  argillaceous 
odour  when  breathed  upon.  Sp.  gr.  3.15  to 


3-3-  . 

Before  the  blowpipe  it  melts,  with  more 
difficulty  than  common  hornblende,  into  a 
brownilh-black  glafs.  Its  component  parts,  ac- 
cording to  Bergman,  are 

Silex  - - - 58 

Alumine  - - 27 
Iron  - - - 9 

Lime  - - - 4 

Magnefia  - - 1 


It  is  found  imbedded  in  bafalt  and  wakke  and 
in  lava : being  for  the  moft  part  lefs  decom- 
pofable  than  bafalt,  many  fine  cryftals  are  pro- 
cured from  the  clay  which  is  found  at  the  foot 
of  moft  bafaltic  rocks.  The  cryftals  met  with 
in  lava  not  unfrequently  affecft  the  magnet.  It 
is  found  in  Saxony,  Bohemia,  Italy,  Scotland, 
&c. 

II.  Common  Hornblende.  Gemtiner  Horn- 
blende,, Wern. 

Its  colour  is  greenilh  or  reddilh  black,  greyilh 
black  or  greeniffi-grey.  It  occurs  in  mafs,  dif- 
feminated  and  cryftallized : the  cryftals  are  im- 
bedded and  interfett  one  another,  fo  that  they 
cannot  be  very  accurately  determined,  but  they 
feem  to  be  flight  modifications  of  the  primitive 
figure  as  defcribed  under  the  preceding  fub- 
fpecies.  Internally  it  is  more  or  lefs  brightly 
{hining,  with  a pearly  luftre.  The  fra&ure  is 
ftrait  rarely  curved-foliated,  palling  into  broad- 
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radiated : the  fractured  furface  is  generally  lon- 
gitudinally ftriated.  The  fragments  are  indeter- 
minately angular  blunt-edged,  palling  into  rhom- 
boidal.  It  prefents  granular  diftindt  concretions. 
The  lighter  coloured  varieties  are  ufually  tranf- 
parent  on  the  edges.  It  gives  a greenilh  grey 
ftreak,  is  moderately  hard,  tough  and  difficultly 
frangible.  When  moiftened  it  gives  out  a ftrong 
argillaceous  odour.  Sp.  gr.  3.6  to  3.8. 

It  melts  eafily  before  the  blowpipe  into  a 
greyifh  black  glafs.  The  following  are  the 
refults  of  its  analyfis. 


Kirw.  Wiegleb.  Hermann. 


Silex  - - 

37 

— 48-83 

— 37- 

Alumine 

22 

— 0 

— 27. 

Magneiia 

16. 

— 17.5 

— 3- 

Lime  - - 

2. 

— 16.66 

— 5* 

Oxyd  of  iron 

23- 

— 17-5 

— 25. 

100. 

100.49 

97- 

Hornblende 

forms 

an  effential 

conftituent 

part  of  fyenite  and  primitive  greenftone,  alfo  of 
tranfition  and  floetz-greenftone,  and  enters  ac- 
cidentally into  granite,  gneifs,  micaceous  fchif- 
tus  and  granular  limeftone.  It  forms  alfo  entire 
beds  which  generally  inclofe  magnetic  iron. 
When  in  mafs  it  forms  an  excellent  flux  for 
iron  ores,  and  is  largely  employed  in  Sweden 
for  this  purpofe. 

III.  Labrador  Hornblende.  Labradorifehe 
Hornblende , Wern. 

Its  colour  is  brownifh-black,  greeniffi-black, 
copper-red,  tombac-brown  and  greyifh-black. 
It  occurs  in  mafs,  diffeminated  and  in  rolled 
pieces.  It  varies  from  glimmering  to  fliining, 
and  has  a femi-metallic  luftre.  Its  fra&ure  is 
ufually  curved  foliated;  its  fragments  indeter- 
minately angular  tending  to  rhomboidal.  It 
prefents  lamellar  diftintt  concretions  ; is  opake, 
moderately  hard,  and  not  difficultly  frangible. 
Sp-  gr.  3-38-  . , 

It  is  found  in  the  Ifle  of  St.  Paul  on  the  coaft 
of  Labrador. 

IV.  Hornblende  Slate.  Hornblende fchiefer, 

Wern. 

Its  colour  is  between  greenilh  and  reddilh- 
black.  It  occurs  in  mafs  forming  entire  beds. 
Its  luftre  approaches  to  pearly  and  varies  be- 
tween fliining  and  gliftening.  Its  fra£ture  in 
the  great  is  flaty,  in  the  fmall  is  confufedly  ra- 
diated. The  fragments  are  generally  tabular. 
It  gives  a greenilh-grey  ftreak,  is  opake,  mo- 
derately hard,  not  very  frangible.  It  is  often 
mixed  with  quartz,  in  which  cafe  its  hardnefs 
is  increafed,  alfo  with  felfpar  and  mica,. 


It  forms  thick  beds  in  primitive  and  tran- 
fition rocks,  efpecially  in  argillite,  gneifs,  and 
micaceous  fchillus. 

HORNERZ.  See  Silver,  Ores  of. 

HORNSTONE.  Of  this  mineral  there  are 
two  fubfpecies. 

I.  Splintery  Hornstone  or  Chert.  Split/- 
riger  Hornjlein , Wern. 

Its  colour  is  ufually  grey,  fuch  as  bluilh, 
greenilh,  yellowilh,  fmoak  and  pearl-grey,  biack- 
ifh-grey  and  greyilh-black ; it  is  alfo  found  flelh 
red,  blood  and  liver  red,  olive  green  and  moun- 
tain green.  It  occurs  in  mafs  and  globular, 
and  occafionally  impreffed  by  pyramids  of  cal- 
careous fpar.  Its  fracture  is  fplintery,  often 
fine  fplintery  and  with  a tendency  to  conchoidal, 
It  poffeffes  no  luftre  when  pure,  but  when  mixed 
with  quartz  it  becomes  glimmering : its  frag- 
ments are  indeterminately  angular,  more  or  lefs 
lharp  edged.  When  in  mafs  its  texture  is  uni- 
form, the  globular  variety  prefents  concentric 
lamellar  diltirift  concretions.  It  is  more  or  lefs 
tranflucent.  It  is  hard,  tough,  moderately 
heavy  and  difficultly  frangible.  Before  the  blow- 
pipe it  becomes  opake,  but  is  infufible  per  fe. 

II.  Conchoidal  Hornstone.  Mufchliger 
Hornjlein,  Wern. 

This  differs  from  the  preceding  in  the  follow- 
ing particulars.  It  occurs  only  in  mafs,  its 
colours  are  for  the  moft  part  lighter,  it  is  tranf- 
lucent only  at  the  edges ; its  fracture  is  perfe£!ly 
conchoidal  ; it  is  not  fo  tough  and  therefore 
more  eafily  frangible  than  the  fplintery  variety. 

There  appear  to  be  at  lead  two  diftinft  for- 
mations of  hornftone,  independent  of  hornftone 
Porphyry,  which  is  ranked  among  the  primi- 
tive mountains ; of  thefe  the  eldeft  occurs  in 
tranfition  mountains  of  argillite  and  greenftone, 
and  appears  to  pafs  into  quartz  on  one  fide  and 
into  hone  Hate  (wetzfchiefer)  on  the  other ; it 
forms  veins  and  fometimes  beds,  and  is  mixed 
not  unfrequently  with  iron  or  copper  pyrites. 
The  more  recent  hornftone  occurs  in  fecondary 
floetz  limeftone,  with  the  ftrata  of  which  it 
alternates  as  flint  does  with  chalk.  This  horn- 
ftone it  is  which  is  known  to  Englilh  miners  by 
the  name  of  chert ; its  colour  is  greyilh-white 
or  greyilh-black;  by  calcination  it  becomes  milk 
white  ; it  pafies  not  into  quartz  but  into  chal- 
cedony. 

All  thofe  kinds  of  hornftone  that  become 
white  by  calcination  form  an  excellent  material 
for  the  better  kinds  of  pottery.  The  bell  mill- 
ftone  called  French  bur  is  cellular  fplintery 
hornftone. 

HYACINTH.  See  Zircon. 
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HYACINTH  OF  VESUVIUS.  See  Ve- 

SUVIAN. 

HYALITE.  See  Thumerstein. 

HYDRAT.  This  term  has  been  applied  by 
fome  late  chemifts,  particularly  by  Prouft,  to 
exprefs  the  chemical  union  of  water  with  any 
fubftance  and  efpecially  with  fome  metallic 
oxyds.  Thus  the  hydrat  of  copper  is  a blue-green 
oxyd  of  this  metal,  which  differs  from  the  brown 
oxyd  only  (as  appears)  in  containing  a large 
quantity  of  water,  which  a low  red  heat  will 
expel. 

HYDROGEN  GAS,  or  hifammable  Air. 
Wafferfojf  Gas , Germ. 

Scarcely  any  fubftance  has  fo  much  engaged 
the  attention  of  modern  chemifts,  and  is  fo  in- 
timately concerned  in  the  controverfy  between 
the  fupporters  of  the  phlogiftic  and  antiphlo- 
giftic  theory  of  chemiftry,  as  inflammable  air  in 
its  various  modifications.  The  precife  date  of 
the  difeovery  of  this  gas  is  not  certainly  known, 
but  it  is  unqueftionably  owing  chiefly  to  the 
valuable  refearches  of  Mr.  Cavendifh  that  the 
produ&ion  of  water  and  the  combuftion  of  in- 
flammable air  have  been  proved  to  be  conftantly 
concomitant,  and  the  numerous  experiments  of 
Dr.  Prieftley  have  had  an  equal  {hare  in  firft 
explaining  its  nature  and  properties. 

Till  the  exa£t  nature  of  this  gas  was  explained 
by  late  refearches,  much  confufion  arofe  from  a 
want  of  proper  diftin&ion  between  the  true 
fimple  inflammable  air  or  hydrogen,  as  it  is  called 
in  modern  nomenclature,  and  the  various  modi- 
fications of  hydrogen  holding  carbon  and  other 
fubftances  in  folution,  and  alfo  that  other  in- 
flammable air  (difeovered  by  Dr.  Prieftley  and 
explained  by  Mr.  Cruiklhank)  which  confifts 
fimply  of  carbon  in  a low  ftate  of  oxygenation, 
already  deferibed  under  the  article  Carbonous 
Oxyd.  A due  attention  to  thefe  fources  of 
error  will  enable  us  to  reconcile  many  of  the 
apparent  contradictions  that  appear  on  this  fub- 
je£t  in  the  relations  of  Prieftley,  Lavoifier,  Kir- 
wan,  and  other  eminent  chemifts. 

Referring  to  the  articles  of  Phlogiston  and 
Water  the  exaCt  details  of  the  experiments  by 
which  the  leading  property  of  hydrogeti,  that  is 
(as  its  name  implies)  the  generator  of  mater, 
appears  to  be  fully  eftablifhed,  we  {hall  here 
merely  give  the  principal  characters  of  this  im- 
portant gas. 

Hydrogen  gas  is  obtained  in  a ftate  of  con- 
fiderable  purity  only  by  means  of  metals,  and 
with  particular  eafe  and  convenience  from  iron 
and  zinc,  either  by  the  united  aCtion  of  the  mu- 
riatic or  fulphuric  acid  and  water,  or  fimply  by 


water  coming  in  contaCt  with  thefe  metals  whert 
ftrongly  heated.  But  befides  thefe  fources,  al- 
moft  every  inflammable  vegetable  and  animal 
fubftance  contains  abundance  of  hydrogen,  fuch 
as  oil,  alcohol,  &c.  &c.  which  is  readily  given 
out  by  heat,  by  electricity,  and  in  a number  of 
other  modes  of  decompofition,  and  when  burn- 
ing in  the  air  conftitutes  the  fame  which 
thefe  fubftances  produce  on  ignition.  There- 
fore the  charader  of  generator  of  fame  is  highly 
charaCteriftic  of  this  gas,  though  by  no  means 
fo  exclufively  as  that  of  generating  water,  for 
phofphorus,  oxyd  of  carbon,  and  a few  other 
fubftances  will  produce  flame  on  ignition,  but 
no  other  known  body  but  hydrogen  will  produce 
water.  But  generally  fpeaking,  the  prefence  of 
flame  is  fufficient  to  fufpeCt  the  prefence  of  hy- 
drogen. 

To  procure  this  gas,  for  experiment,  take 
any  quantity  of  malleable  iron,  fuch  as  iron 
turnings  or  clean  nails,  put  them  in  a bottle 
with  a bent  tube,  add  to  them  fome  fulphuric 
acid  diluted  with  about  ten  times  its  bulk  of 
warm  water,  or  muriatic  acid  lefs  dilute,  and 
almoft  immediately  the  aCtion  of  the  diluted 
acid  will  be  feen  by  a number  of  minute  bubbles 
detaching  themfelves  from  the  furface  of  the 
metal,  and  rifing  rapidly  to  the  top  of  the  liquor. 
Thefe  bubbles  are  hydrogen  gas,  the  firft  por- 
tions of  which  fhould  be  allowed  to  efcape, 
being  mixed  with  the  air  of  the  veflel,  after 
which  it  may  be  collected  in  proper  vefiels  over 
water  or  mercury  for  ufe.  By  keeping  up  a 
very  moderate  warmth,  and  occafionally  adding 
more  acid  as  the  former  portion  becomes  fatu-  ' 
rated,  the  fame  materials  will  continue  giving 
out  the  gas  for  a great  length  of  time.  After 
faturation  the  liquor  is  a dilute  fulphat  or  mu- 
riat  of  iron,  according  to  the  acid  employed. 

It  is  of  ufe  to  {hake  the  bottle  occafionally  to 
detach  a cruft  of  oxyd  of  iron,  which  is  apt  to 
form  on  the  furface  of  the  metal  when  the  ful- 
phuric acid  is  ufed  and  impedes  the  further 
aCtion  of  the  acid.  The  precife  degree  of  di- 
lution of  the  acid  is  of  little  confequence.  The 
explanation  of  this  procefs  according  to  the 
antiphlogiftic  fyftem  is,  that  the  iron  firft; 
decompofes  part  of  the  water,  unites  with  its 
oxygen  and  becomes  an  oxyd  of  iron,  whilft: 
the  hydrogen,  the  other  conftituent  of  the  water, 
flies  off  in  the  form  of  gas:  and  the  oxyd  of 
iron  then  diflolves  in  the  acid.  So  that  the 
folution  is  properly  a fulphated  or  muriated  oxyd 
of  iron.  If  it  be  afleed  what  it  is  that  fuddenly 
determines  or  impels  the  iron  to  decompofe  the 
water,  it  can  only  (as  far  as  our  prefent  know- 
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ledge  reaches)  be  referred  to  that  frequent  but 
paradoxical  explanation  of  an  affinity  beginning 
to  a£t  before  one  of  the  fubftances  that  are  the 
fubje&s  of  that  affinity  is  fully  formed ; that  is 
to  lay,  in  the  prefent  inftance,  it  is  fuppofed  to 
be  the  affinity  between  the  fulphuric  or  muri- 
atic acid  and  the  oxyd  of  iron  that  caufes  the 
metallic  iron  to  convert  itfelf  into  an  oxyd,  by 
the  medium  of  the  decompofed  water. 

Hydrogen  gas  may  alfo  be  procured  in  great 
abundance  and  with  much  more  eafe  and  ra- 
pidity by  fubftituting  zinc  for  iron  in  the  above 
manner.  The  fulphuric  or  muriatic  acid  em- 
ployed will  bear  full  as  much  dilution.  The 
zinc  need  not  be  minutely  divided,  no  more 
being  required  than  to  form  it  into  Small  lumps 
by  pouring  it  when  melted  into  cold  water. 
The  hydrogen  gas  begins  to  rife  copioufly  the 
moment  the  zinc  touches  the  acid,  and  more 
rapidly  with  the  muriatic  than  the  fulphuric. 

Another  method  of  procuring  hydrogen  gas 
in  great  abundance  and  purity  is  by  fending  the 
fteam  of  boiling  water  over  red  hot  iron  con- 
fined in  a tube  of  earth  or  iron.  On  account  of 
the  brittlenefs  and  porofity  of  earthen  tubes 
thofe  of  iron  are  preferred.  A portion  of  a 
gun-barrel  open  at  each  end  is  generally  em- 
ployed. This  is  long  enough  to  be  thruft  through 
the  middle  of  a furnace,  and  to  project  fome 
inches  out  of  it  at  each  end.  ( See  in  the  Appen- 
dix the  article  Hydrogen,  Apparatus  for.  The 
centre  of  the  barrel  is  filled  with  iron  wire,  or 
better  with  iron  turnings , and  heated  red-hot. 
When  hot,  the  vapour  of  boiling  water  is  fent 
through  them  from  a fmall  retort  half  full  of 
water,  heated  by  a lamp  and  luted  to  one  end 
of  the  barrel,  and  in  its  paffage  it  is  decompofed 
by  the  multiplied  contact  of  the  furface  of  the 
red-hot  iron  •,  and  a copious  dream  of  hydrogen 
gas  iflues  out  through  the  other  end  of  the  bar- 
rel, the  bore  of  which  is  leffened  by  luting  to  it 
a narrow  curved  tube,  which  conveys  the  gas 
to  the  veflels  appointed  to  receive  it.  The  iron 
turnings  after  this  operation  are  found  to  retain 
their  fhape,  but  to  be  converted  totally  or  par- 
tially, into  a brittle  dulky  lead-coloured  gloffiy 
oxyd,  which  readily  crumbles  down  under  the 
finger.  The  inner  furface  of  the  barrel  is  alfo 
changed  in  the  fame  manner  to  a fmall  depth, 
and  therefore  hydrogen  would  be  procured  fim- 
ply  by  fending  the  fteam  through  the  clean  hot 
barrel  as  long  as  any  of  the  furface  remained  in 
the  metallic  ftate.  By  frequent  ufe,  the  barrel 
becomes  corroded  quite  through,  but  if  the  in- 
fide  is  not  Scraped  it  will  laft  a confiderable 


time.  The  outfide  alfo  fhould  be  coated  thinly 
with  clay  to  prevent  it  from  fealing  when  in 
the  fire. 

In  this  cafe  as  in  the  former,  the  hydrogen  is 
produced  and  the  metal  oxydated  by  the  decom- 
pofed water,  and  the  increafed  heat  is  the  cir- 
cumftance  which  determines  the  firft  decom- 
position. 

This  decompofition  of  water  by  iron  will  take 
place  even  in  the  common  temperature  fimply  by 
moiftening  iron  filings  and  keeping  them  in  this 
ftate  for  a confiderable  length  of  time.  The 
oxyd  produced  in  this  inftance  however,  if  the 
procefs  is  carried  on  in  the  open  air,  is  gene- 
rally united  with  a portion  of  carbonic  acid. 

Zinc  when  red-hot  will  decompofe  water  in 
the  fame  way  as  iron,  but  the  procefs  is  not  fo 
eafily  managed  on  account  of  the  fufion  of  the 
zinc  which  prevents  that  extenfive  furface  for 
a£lion  which  the  iron  turnings  prefent. 

Hydrogen  gas  has  certain  differences  in  fome 
of  its  fenfible  properties,  according  to  the  way 
in  which  it  is  procured.  When  obtained  from 
iron  or  zinc  by  means  of  the  acids  it  has  always 
a peculiar  and  fetid  fmell,  and  as  Dr.  Prieftiey 
has  obferved,  if  the  production  be  very  rapid, 
the  gas  from  iron  depofits  an  ochery  film  on 
water  over  which  it  Hands  for  fome  time,  and 
that  from  zinc  depofits  a white  film.  It  is  alfo 
in  general  heavier  when  obtained  by  means 
of  the  acids,  than  fimply  by  palling  water  over 
hot  iron,  and  in  the  latter  cafe  it  has  much  lefs 
fmell.  On  the  whole  however  its  chemical  pro- 
perties, in  whatever  of  thefe  ways  it  is  obtained, 
if  not  mixed  with  atmolpherical  air,  are  Suffi- 
ciently uniform  to  be  deferibed  in  common. 

Hydrogen  gas  is  an  invifible  elaftic  air  uncon- 
denfible  by  any  known  cold,  and  is  the  only 
form  in  which  pure  hydrogen  ha&  ever  been 
exhibited-  Its  Specific  gravity,  as  juft  mention- 
ed, varies  confiderably  according  to  the  mode 
in  which  it  has  been  procured.  In  general  when 
pure  it  is  from  fix  to  ten  or  even  twelve  times 
lighter  than  common  air,  fo  that  eight  times 
may  be  taken  as  a general  average.  It  is  there- 
fore by  far  the  lighteft  of  all  the  gafleous 
fluids. 

The  levity  of  hydrogen  is  fhewn  in  an  enter- 
taining manner  by  filling  a bladder  with  it, 
either  pure  or  even  largely  mixed  with  common 
air,  fixing  the  bowl  of  a tobacco-pipe  to  the 
orifice  of  the  bladder,  dipping  the  bowl  in  fonped 
water,  and  by  Squeezing  the  bladder  thus  blow- 
ing foap  bubbles  of  hydrogen,  imitating  balloons, 
which  as  fbon  as  they  are  fet  at  liberty  rife 
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rapidly  to  tlie  ceiling  of  the  room  and  burft  by 
{hiking  againfl  it. 

It  is  incapable,  of  itfelf,  of  fupporting  com- 
buftion for  a moment,  a lighted  taper  dipped  in 
it  being  immediately  extinguifhed.  But  when 
pure  hydrogen  is  put  in  contatt  with  common 
air  or  {till  more  with  oxygen,  and  the  furface  of 
contact  touched  with  a lighted  taper  or  a red- 
hot  iron,  it  immediately  kindles  at  this  place 
with  a flight  fnapping  noife,  and  burns  w-ith  a 
faint  blueifli-white  flame  without  any  fmoke 
and  fcarcely  vifible  in  the  day  time,  and  con- 
tinues to  burn  gradually  as  long  as  the  contact 
of  air  is  continued,  till  the  whole  is  confumed. 
This  is  amufingly  {hewn  by  filling  a long-necked 
retort  or  long  tube  with  pure  hydrogen,  placing 
it  with  the  open  end  downwards  (by  which  the 
gas  on  account  of  its  levity  is  prevented  from 
efcaping)  and  kindling  it  with  a taper.  A ring 
of  faint  blue  flame  immediately  appears  at  the 
open  mouth,  and  continues  flowly  to  travel  up 
the  tube  till  the  whole  is  burnt  out.  If  during 
the  combuftion  the  tube  is  fuddenly  turned  up, 
the  remaining  hydrogen  riles  through  the  ring 
of  flame,  forming  a large  and  fudden  flalh,  and 
is  immediately  exhaufted. 

The  combuftion  of  pure  hydrogen  therefore 
is  perfe&ly  tranquil  and  progreflive  through  the 
mafs  following  the  progreflive  contaCt  of  air, 
but  if  it  be  previoufly  mixed  with  common  air 
(or  ftill  more  ftrikingly  with  oxygen)  and  agi- 
tated, and  a lighted  taper  then  applied,  the 
whole  takes  fire  inftantly  and  burns  with  a 
large  blue  flafli  attended  with  a pretty  vio- 
lent explofion  relatively  to  the  quantity  of  ma- 
terials. The  eleCtric  fpark  kindles  this  mixture 
as  well  as  a lighted  body.  It  is  on  account  of 
this  property  of  fudden  combuftion  with  ex- 
plofion that  care  {hould  be  taken  not  to  kindle 
any  portion  of  a large  quantity  of  hydrogen, 
through  however  fmall  an  orifice,  before  the 
operator  is  lure  of  the  purity  of  the  gas  within, 
for  if  it  be  mixed  with  any  fenfible  quantity  of 
oxygen,  the  flame  inftantly  communicates  to 
the  whole  mafs,  and  a dangerous  explofion 
might  enfue.  The  force  and  danger  of  explofion 
is  of  courfe  regulated  (other  things  being  the 
fame)  by  the  degree  in  which  the  gas  is  con- 
fined by  the  veflel  in  which  it  is  made.  Thus 
a common  phial,  holding  half  a pint  of  a mix- 
ture of  hydrogen  and  common  air  in  due  pro- 
portions, will  not  burft  by  being  kindled  at  the 
mouth,  much  of  the  force  {pending  itfelf  at  the 
open  orifice ; and  even,  if  the  phial  is  ftout,  the 
fame  quantity  of  hydrogen  and  oxygen  will 


hardly  burft  by  the  explofion,  though  as  loud  as 
that  of  a common  gun ; whereas  a very  few 
inches  of  the  fame  mixture  confined  in  a very 
thick  and  clofe  glafs  tube  and  fired  by  the  elec- 
tric fpark,  will  often  fihiver  it  to  pieces. 

The  proportion  of  oxygen  required  for  the 
perfeCI  combuftion  of  hydrogen,  is  about  one 
part  in  bulk  of  oxygen  to  two  and  a half  of 
hydrogen,  fuppofing  each  to  be  pure,  or  more 
accurately  85  parts  by  weight  of  oxygen  to  15  of 
hydrogen.  If  common  air  be  ufed,  the  pro- 
portions acquired  for  compleat  combuftion  are 
about  6,  in  bulk,  of  common  air,  to  2 of  hydro- 
gen. After  explofion  the  bulk  of  the  whole  is 
reduced  to  about  5 parts,  and  is  chiefly  the 
azotic  refidue  of  the  common  air,  which  appears 
to  be  quite  paflive  in  this  operation. 

The  great  circumftances  which  diftinguifti 
the  combuftion  of  hydrogen  whether  flowly  or 
by  fudden  explofion,  are  the  total  deftruClion 
of  the  two  gaffes,  relatively  to  their  gafleous 
form,  the  entire  abfence  of  all  vifible  vapour  or 
fmoke,  and  efpecially  the  production  of  a quan- 
tity of  moifture,  which  precipitates  in  the  form 
of  a thick  dew  on  the  fides  of  the  veffel  where- 
in the  combuftion  is  carried  on,  and  foon 
colleCts  in  fufficient  quantity  to  trickle  down  in 
evident  drops  that  continue  as  long  as  the  pro- 
cefs  is  going  on.  Thefe  drops  when  collected 
and  examined  by  every  chemical  teft  are  found 
to  be,  when  the  gaffes  are  as  pure  as  poflible, 
nothing  but  water. 

The  particulars  of  many  moft  laborious  and 
accurate  experiments  that  prove  this  important 
faCt,  with  the  circumftances  under  which  appa- 
rently contradictory  refults  have  been  obtained, 
will  be  further  mentioned  under  the  article 
Water. 

Inflammable  air  proves  almoft  inftantly  fatal 
to  fmall  animals  introduced  in  it,  as  was  afcer- 
tained  by  the  experiments  of  Dr.  Prieftley. 
Scheele  however  found  that  he  could  refpire 
the  fame  quantity  of  this  air  in  and  out  of  a 
bladder  alternately  for  feveral  times,  without 
material  inconvenience.  Many  other  experi- 
ments of  Fontana  1 on  this  fubjeCt  prove,  that 
this  is  owing  to  the  great  dilution  which  it  un- 
dergoes in  the  latter  cafe,  by  mixing  with  the 
large  quantity  of  common  air  always  prefent  in 
the  lungs  ; whereas  when  a fmall  animal  is  im- 
merfed  in  an  atmofphere  of  hydrogen,  the  air  in 
its  lungs  makes  no  fenfible  proportion  to  the 
hydrogen.  Both  thefe  were  prcJved  by  exa- 
mining each  air  by  nitrous  gas,  which  does  not 
in  the  leaft  diminilh  in  bulk  with  hydrogen^ 
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but  largely  m common  air  on  account  of  its 
oxygen.  Pure  hydrogen  therefore  does  not 
appear  pofitively  noxious  as  the  carburetted  hy- 
drogen, but  only  negatively  fo,  as  not  contain- 
ing any  gas  fit  for  refpiration.  Fontana  ex- 
prefles  the  feeling  of  a peculiar  and  extremely 
light  and  pleafurable  fenfation  on  the  firft  infpi- 
ration  of  hydrogen,  but  by  rafhly  perfevering 
in  repeatedly  breathing  it,  vertigo,  fwooning,  and 
dangerous  oppreflion  of  the  lungs  come  on. 

Ilydrogen  is  not  fenfibly  altered  by  being  kept 
at  reft  over  water,  nor  is  it  readily  abforbed  by 
it,  but  by  agitation  Dr.  Prieftley  caufed  water 
to  take  up  about  a thirteenth  of  its  bulk,  which 
was  again  expelled  by  heat  unaltered.  Preffure 
combined  with  agitation  will  caufe  a much 
greater  abforption.  Mr.  W.  Henry  however 
gives  the  quantity  of  pure  hydrogen  abforbable 
by  ioo  cubic  inches  of  water  at  the  heat  of  6o°. 
by  mere  agitation  and  common  preffure  to  be 
only  1.53  or  about  -jV.  b 

One  of  the  moft  ftriking  properties  which 
hydrogen  exhibits  is  that  of  reducing  metallic 
oxyds  to  the  reguline  or  nearly  reguline  ftate. 
This  is  effected  by  the  union  of  the  hydrogen 
with  the  oxygen  of  the  metallic  oxyd,  in  con- 
fequence  of  which  the  hydrogen  lofes  its  gaf- 
feous  form,  and  with  the  oxygen  produces  water. 
The  metallic  reduction  by  hydrogen  appears  to 
have  been  firft  noticed  by  Dr.  Prieftley,  but  the 
confequent  production  of  water  in  thefe  cafes 
was  fuggefted  by  the  moft  important  refearches 
of  Mr.  Cavendifh  on  the  union  of  hydrogen 
and  oxygen. 

The  firft  direct  experiment  on  metallic  re- 
duction by  hydrogen  made  by  Dr.  Prieftley, 
arofe  out  of  the  fingular  fact,  alfo  remarked  by 
him,  of  the  blackening  of  flint-glafs  tubes  fimply 
by  being  heated  red-hot  when  containing  hy- 
drogen gas.  Dr.  P.  found  this  to  happen  in- 
variably with  fiint-glafs  under  every  variety  of 
circumftances,  but  not  with  green-glafs , and  as 
the  ftriking  difference  between  the  two  is  that 
the  former  contains  oxyd  of  lead  but  not  the 
latter,  it  was  concluded  with  reafon  that  the 
blacknefs  was  owing  to  the  reduction  of  that 
metal. 

This  faft  led  to  the  following  beautiful  fet  of 
experiments : e Some  minium  was  put  on  an 
earthen  fupport  (a  bit  of  crucible)  and  inclofed 
in  a thin  glafs  receiver  filled  with  hydrogen  gas 
Handing  over  water.  The  rays  from  a lens 
■were  tranfmitted  through  a receiver  (applied 
with  caution)  and  concentrated  on  the  minium 
fo  as  to  heat  it  red-hot.  It  then  foon  became 
* Phil.  Tranf.  vol.  93,  p.  276.  e Prieftley  on  Aii 


black  and  ran  in  the  form  of  metallic  lead,  at 
the  fame  time  that  the  gas  diminifhed  rapidly, 
as  was  {hewn  by  the  rapid  rife  of  the  water 
within  the  receiver.  Several  of  the  other  me- 
tallic oxyds  heated  in  the  fame  way  diminifhed 
the  quantity  of  hydrogen  and  were  themfelves 
reduced  to  or  towards  the  metallic  ftate.  The 
oxyds  of  tin,  bifmuth  and  filver  fucceeded  very 
well  •,  copper,  iron  and  cobalt,  imperfectly.  The 
copper  in  this  inftanee  was  brittle,  but  became 
perfect  copper  when  again  fufed  with  borax. 
The  effential  circumftance  of  the  formation  of 
water  in  thefe  inftances  was  not  at  firft  noticed* 
the  a&ual  quantity  being  very  fmall  and  ming- 
ling  with  the  mafs  of  water  with  which  the  gas 
was  confined.  But  on  repeating  the  experiment 
over  mercury  fome  water  was  always  detected* 
which  was  more  than  could  well  be  accounted 
for  from  the  accidental  moifture  of  the  metallic 
oxyd. 

The  fame  reduction  of  the  oxyd  of  lead  was 
found  to  take  place  equally  well  in  ammoniacal 
gas  as  in  hydrogen,  (for  ammonia  is  compofed 
of  azot  and  hydrogen)  and  this  ftrikingly  con- 
firms the  other  experiments.  From  5-i  ounce 
meafures  of  ammoniacal  gas.  Dr.  Prieftley  got, 
by  means  of  heating  litharge  in  it,  17  grains  of 
lead,  befides  fome  that  was  diffolved  in  the  mer- 
cury confining  the  gas.  The  refidue  was  21- 
ounce  meafures  of  azotic  gas , the  other  con- 
ftituent  of  the  ammonia. 

The  reduction  of  the  metals  by  hydrogen  is 
well  {hewn  by  Mrs.  Fulhame’s  * experiments  on 
this  fubje£f.  The  object  of  the  experiments 
was  to  imitate  gold  and  filver  brocade  by  the 
very  ingenious  idea  of  moiftening  the  filk  or 
other  fubftance  to  be  brocaded  with  the  folution 
of  gold  or  filver  or  any  other  metal,  and  to 
revive  the  metal  in  the  pores  of  the  filk  by 
expofing  it  to  fome  reducing  operation.  Among 
others  the  effect  of  a current  of  hydrogen  gas 
was  tried.  It  was  found  effential  to  the  reduc- 
tion that  the- cloth  or  filk  lhould  always  be  kept 
moift  while  in  contact  with  the  hydrogen, 
otherwife  the  reducing  procefs  is  very  languid 
and  imperfect. 

A bit  of  filk  was  immerfed  in  a dilute  nitro- 
muriat  of  gold  and  dried  in  the  air.  It  was 
then  expofed  for  half  an  hour,  dry , to  a current 
of  hydrogen  gas,  but  no  figns  of  reduction  ap- 
peared : but  a fimilar  bit  expofed  in  the  fame 
way  when  1 vet  {hewed  inftant  figns  of  reduction, 
the  yellow,  colour  of  the  folution  began  to  turn 
green,  and  very  foon  a film  of  reduced  gold 
glittered  on  the  furface  oppofite  to  the  gas. 
■>  vol.  1,  p.  2 jo,  * Fulhame’s  Eflay  on  Combuftion. 
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Shortly  after  a beautiful  blue  fpot  fringed  with 
orange  and  purple  appeared  in  the  middle  of 
the  fi Ik.  The  folution  of  gold  fhould  be  firft 
evaporated  to  drynefs  and  then  rediffolved  in 
diltilled  water  to  get  rid  of  the  excefs  of  acid. 

A bit  of  filk  dipped  in  a dilute  nitrat  of  filver 
and  expofed  wet  to  a current  of  hydrogen  foon 
became  brown,  which  colour  gradually  deepened 
and  the  oppofite  furface  of  the  filk  was  coated 
with  a film  of  reduced  filver. 

Platina  was  reduced  in  the  fame  way. 

Mercury  was  reduced  very  fpeedily  and  beau- 
tifully without  any  preceding  brown  fpot,  as  in 
the  foregoing  inltances. 

Moll  of  the  other  metallic  folutions  were 
reduced  in  a fimilar  manner,  but  the  thin  me- 
tallic pellicle  very  fpeedily  tarniftied. 

Hydrogen  exercifes  its  deoxygenating  powers 
on  many  other  fubftances.  Dr.  Prieftley  found 
fulphuric  acid  to  be  compleatly  decompofed  by 
it,  aflifted  by  heat,  and  to  depofit  fulphur.  For 
this  purpofe  he  threw  the  focus  of  a lens  on  a 
quantity  of  fulphuric  acid  contained  in  a hol- 
low veflel,  and  the  wrhole  infclofed  in  a large 
receiver  full  of  hydrogen  gas  and  evaporated 
the  acid  to  drynefs.  In  confequence,  the  re- 
ceiver became  incrufted  wfith  a white  film,  of 
which  enough  could  be  fcraped  off  to  produce 
the  blue  flame  and  fmell  of  true  fulphur  when 
laid  on  a hot  iron. 

A Angular  and  amufing  property  has  lately 
'Seen  found  in  hydrogen.  Let  a bottle  be  filled 
nearly  full  of  the  materials  to  produce  this  gas 
rapidly  (for  wrhich  purpofe  bits  of  zinc  and 
dilute  fulphuric  or  muriatic  acid  are  bed),  and 
let  this  bottle  be  clofed  with  a cork  into  which 
is  cemented  a bit  of  tobacco-pipe  or  a glafs  tube 
drawn  out  into  a fmall  bore,  and  kindle  the  gas 
as  it  iflues  through  the  tube,  waiting  a fhort 
time  however  left  any  remaining  atmofpherical 
air  in  the  bottle  produce  an  explofion.  This 
will  give  a vigorous  jet  of  fire  about  half  an 
inch  to  an  inch  long.  Then  provide  a portion 
of  a ftraight  glafs  tube  of  about  a foot  in  length, 
more  or  lefs,  and  open  at  both  ends,  and  hold  it 
vertically  over  the  flame  fo  that  it  may  juft 
enter  the  lower  end  of  the  tube,  and  immediately 
an  extremely  loud  (brill  found  will  be  heard, 
producing  a vibration  almoft  painful  to  the  ears 
and  very  fenfible  to  the  hand  that  holds  the 
tube.  At  the  fame  time  the  jet  of  flame  will 
be  drawn  up  the  tube,  as  through  a chimney, 
with  extreme  vehemence,  and  if  thruft  up  a 
little  higher,  it  will  be  blown  out  by  the  ftrength 
of  the  draught.  Different  lengths  and  diameters 


of  tubes  may  be  ufed  to  produce  different  va- 
rieties of  tone  at  pleafure.  No  other  jet  of 
burning  vapour  will  produce  this  effect,  which 
therefore  feems  to  be  owing,  as  Dr.  de  la  Rive  f 
has  fuggefted,  to  the  very  rapid  vacuum  which 
the  burning  hydrogen  occafions,  which,  afiifted 
by  the  heat,  caufes  fo  powerful  a draught  of  the 
lower  air  through  the  tube. 

The  only  ufe  to  which  hydrogen  gas  has  been 
applied  is  that  of  filling  balloons.  For  this 
purpofe  it  has  generally  been  found  to  be 
cheaper  and  more  commodious  to  ufe  dilute 
fulphuric  acid  and  iron  turnings  or  refufe  bits 
of  various  kinds,  and  fometimes  zinc,  though 
more  rarely,  becaufe  iron  is  cheaper,  and  the 
refiduary  fulphat  of  iron  is  a more  faleable  ar- 
ticle than  the  fulphat  of  zinc.  To  fill  a balloon, 
the  materials  are  put  into  a number  of  wooden 
cafles,  from  each  of  which  proceeds  a tin  tube 
that  conveys  the  gas  to  a common  channel, 
which  is  a tube  of  well  varniftied  canvas  or 
leather,  which  opens  in  the  belly  of  the  bal- 
loon. In  France,  at  the  military  balloon  eftab- 
lifhmcnt  at  Verdun,  the  produdlion  of  hydrogen 
by  pa  fling  fleam  over  red-hot  iron  in  large 
cylinders  was  adopted. 

Hydrogen  diflolves  a variety  of  fubftances 
with  which  it  comes  in  contadl,  particularly  at 
the  moment  of  its  produdtion  or  its  nafeent 
(late  when  heated  ftrongly  with  them.  It  is 
not  improbable  that  as  commonly  prepared  it 
may  volatilize  and  hold  in  gafleous  folution  a 
portion  of  iron  or  zinc,  to  which  may  be  af- 
cribed  part  of  its  fetid  fmell,  and  it  is  certain 
that  it  will  thus  diflolve  a very  fenfible  portion 
of  Arfcnic , which  it  again  in  part  depofits.  The 
other  and  more  important  combinations  of  hy- 
drogen are  thofe  in  which  it  holds  diflolved  a 
portion  of  Sulphury  of  Phofphorus  and  of  Carbon. 
Thefe  gaffes  are  deferibed  refpedlively  under 
the  articles  Arfenicated  Hydrogen,  Sulphuretted 
Hydrogen , Phofphuretted  Hydrogen}  and  Carbu- 
retted  Hydrogen  ( which  fee.) 

HYDRO-SITLPHURET  is  the  combination 
of  fulphuretted  hydrogen  with  an  alkaline, 
earthy  or  metallic  bafe.  See  Sulphuretted 
Hydrogen. 

HYDROTHIONIC  ACID  is  a term  given 
by  fome  German  chemifts  of  eminence,  to  Sul- 
phuretted Hydrogen,  (which  fee). 

HYDROMETER  is  an  inftrument  whereby 
to  afeertain  the  fpecific  gravities  of  bodies.  ( See 
the  Appendix.) 

HYDROPHANE.  See  Opal. 
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ICE.  See  Freezing. 

ICELAND  SPAR.  See  Limestone. 

IDOCRASE.  See  Vesuvian. 

INCINERATION,  is  nearly  fynonimous 
with  Calcination , and  means  the  burning  of  any 
fubftance  to  afhes. 

INDIGO  or  ANIL. 

This  moft  valuable  pigment,  which  forms 
fo  important  a part  of  Weft  and  Eaft  Indian 
commerce,  is  ufually  brought  over  in  fquare  or 
oblong  cakes  of  an  intenfe  blue  colour,  almoft 
black  in  mafs,  brittle  and  friable,  light  when  of 
a good  quality,  and  of  a very  peculiar  and  dis- 
agreeable fmell. 

Indigo  is  ufually  reckoned  by  chemifts  as  a 
kind  of  fecula,  but  of  a very  peculiar  nature 
not  exa£lly  refembling  any  other  known  fub- 
ftance. It  is  prepared  by  fermentation  of  the 
leaves  of  the  indigo-plant,  of  which  the  method 
is  fhortly  the  following : a b 

There  are  three  principal  varieties  of  the 
indigo-plant  known  and  ufed  in  the  Weft  Indies, 
in  Carolina,  and  the  reft  of  the  American  con- 
tinent, from  each  of  which  much  indigo  is 
obtained : one  variety,  which  is  the  fmalleft,  is 
the  Indigofera  Tinftoria,  Linn,  (called  by  the 
French  Indigo-franc,)  which  is  a delicate  plant 
rather  difficult  of  cultivation,  but  which  yields 
indigo  in  abundance  and  with  eafe:  a fecond 
variety  is  the  Indigofera  Argentea , Linn.  ( Indigo 
baiard.)  which  is  hardy  and  eafily  cultivated, 
and  gives  a very  fine  indigo  : and  a third  variety 
is  the  Indigofera  Difpenna,  Linn.  ( Indigo  Guati- 
mala ),  which  much  refembles  the  laft  men- 
tioned. 

The  feed  of  the  plant  is  fown  in  about  March 
or  April,  at  Saint  Domingo,  and  the  plant 
comes  into  flower  about  three  months  after- 
wards, at  which  time  it  is  in  full  maturity  and 
is  then  cut.  If  it  is  gathered  before  flowering, 
the  indigo  which  it  yields  is  of  a finer  colour, 
but  much  lefs  in  quantity. 

The  chief  apparatus  of  an  indigo-houfe  con- 
fifts  of  three  wooden  vats,  of  different  fizes, 
and  arranged  on  different  levels,  fo  that  the 
contents  of  the  firft  may  flow  into  the  fecond, 
and  of  the  fecond  into  the  third.  1 he  firft  is 
the  fteeping  vat,  in  which  the  plant  ferments 
with  water  ; the  fecond  is  a vat  in  which  the 
thick  fermented  mafs  is  beaten  violently  by  ma- 
chinery ; and  the  third  is  that  in  which  the 
indigo  fettles  when  fully  formed. 

The  plant  being  cut,  is  firft  laid  into  the 
ileeping  vat  fo  as  to  fill  it  entirely  but  without 


preffing,  and  is  covered  about  three  inches  with 
water.  A frame  of  heavy  wooden  bars  is  then 
laid  on  the  vat  to  keep  the  plant  down  when 
working.  Fermentation  foon  begins  in  thefe  hot 
climates,  and  the  whole  contents  of  the  vat 
fwell  and  foam  prodigioufly  like  a wine  vat  in 
full  a£lion,  and  with  difengagement  of  large 
bubbles  of  gas,  which  as  they  burft  appear  of  a 
lively  green,  and  tinge  the  whole  vat  of  the 
fame  colour.  When  this  procefs  is  at  the 
higheft  the  fermenting  mafs  is  alfo  covered  with 
a brilliant  copper-coloured  fcum,  which  paffes  into 
violet  towards  the  end,  but  the  pulp  and  liquor 
beneath  remain  green. 

The  gas  given  off  during  the  procefs  is  in- 
flammable and  readily  takes  fire  by  applying  a 
lighted  candle,  and  the  heaving  of  the  fcum  is 
fo  powerful  as  often  to  lift  up  the  heavy  wooden 
frame  above  mentioned. 

The  fermentation  is  known  to  be  carried  on 
long  enough  by  taking  famples  of  the  ferment- 
ing mafs  at  different  times,  which  when  perfect 
appears  as  a liquor  holding  fufpended  a diftindt 
green  pulp,  that  by  a little  agitation  fpeedily 
and  compleatly  feparates  and  falls  to  the  bottom 
of  the  cup,  leaving  a clear  fupernatant  gold 
coloured  liquor.  Much  practical  fkill  is  re- 
quired to  feize  the  exadt  point  when  to  ftop  the 
fermentation,  which  requires  in  general  from 
twelve  to  fixteen  hours. 

The  whole  turbid  green  liquor  is  then  let  out 
of  the  fermenting  or  fteeping  vat  and  paffes 
into  another  veffel  where  it  is  violently  beaten 
either  by  the  repeated  fall  of  buckets,  or  by  a 
more  complicated  mechanical  contrivance.  This 
has  the  effedl  of  checking  the  further  fermen- 
tation, of  preventing  putridity,  and  efpecially  of 
promoting  in  a remarkable  degree  the  fepa- 
ration  of  the  grain  as  it  is  called,  or  the  dark- 
coloured  granular  pulp  which  is  the  indigo. 
The  whole  liquor  and  pulp  during  the  procefs 
change  from  green  to  deep  blue  by  the  agita* 
tion.  It  is  alfo  the  cuftom  in  many  places  to 
add  lime-water  to  the  pulp  at  this  time,  which 
is  thought  to  haften  the  graining.  A large 
quantity  of  air-bubbles  is  alfo  expelled  by  the 
beating. 

When  the  grain  feparates  readily  and  com- 
pleatly by  a little  reft  from  the  liquor  that 
holds  it  fufpended,  the  beating  is  flopped,  and 
the  grain  flowly  fubfides.  The  fupernatant 
liquor  is  then  drawn  off'  by  cocks  and  fuffered 
to  run  to  wafte,  carefully  avoiding  to  mix  it 
with  any  brook  or  drinking  pond  which  it 
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would  poifon  and  render  dangerous  for  animals 
to  ufe.  The  thick  dark-blue  pulp  is  then  let 
off  into  the  lowed  vat,  out  of  which  it  is  laded 
into  common  facks,  which  when  full  are  hung 
up  that  the  water  may  drain  off,  the  indigo 
itfelf  being  too  thick  to  pafs  through.  The 
indigo  is  then  transferred  to  final  1 wooden 
boxes  where  it  is  further  dried  by  alternate  ex- 
pofure  to  fun  and  fhade,  and  as  it  becomes  folid 
is  cut  into  fquare  cakes.  It  is  not  yet  perfect 
however,  for  if  exported  in  this  date  it  would 
mould  and  fpoil,  fo  that  a fecond  fermentation 
is  neceffary.  For  this,  the  cakes  are  heaped  in 
a calk,  and  fnnply  differed  to  remain  for  about 
three  weeks.  During  this  time  it  undergoes  a 
kind  of  fermentation,  heats,  fweats  at  the  fur- 
face,  gives  out  a difagreeable  fmell,  and  is 
covered  with  a fine  white  meal.  It  is  then  taken 
out  and  dried  in  the  fhade  for  five  or  fix  days 
when  it  is  quite  compleat. 

This,  with  fome  flight  variations  in  different 
plantations,  is  the  general  way  of  preparing 
indigo,  which  therefore  may  be  defined  to  be  a 
fecula  or  pulverulent  pulp  feparated  from  the 
fibre  and  juices  of  the  entire  plant  by  fermen- 
tation, and  materially  changed  by  the  procefs, 
and  doubtlefs  by  expofure  to  the  atmofphere,  fo 
as  to  pafs  from  green  to  a deep  blue,  and  from 
a foluble  to  an  infoluble  ftate. 

Indigo  is  generally  packed  in  chefts  of  about 
two  hundred  pounds  weight  each.  The  very 
fine  kind  that  comes  from  Guatimala  is  ufually 
wrapped  up  in  goats’  fkins. 

Very  fingular  chemical  properties  have  been 
difcovered  in  indigo  by  different  experimenters, 
among  whom  may  be  particularly  mentioned 
Bergman,  Hauffman,0  and  Bancroft.  The  moft 
fingular  circumflance  concerning  indigo,  is  the 
infolubility  of  the  blue  colouring  part  in  every 
ftmple  menftruum  hitherto  known  (except  the 
fulphuric  acid)  without  fuch  an  alteration  as 
entirely  deftroys  the  colour  for  which  it  is  fo 
much  valued. 

v Water  boiled  long  upon  indigo  (the  finefl 
and  pureft  kind  being  always  fuppofed,  as  the 
ordinary  forts  are  largely  adulterated)  diffolves 
about  a ninth  according  to  Bergman,  or  a 
twelfth  according  toQuatremere,  of  the  weight.4 
The  folution  is  of  a reddifh  brown  colour,  and 
contains  what  may  be  called  the  extractive 
part,  but  the  colouring  portion  remains  abfo- 
lutely  unaltered,  and  fomewhat  of  a brighter 
hue.  The  watery  folution  is  aflringent  and 
mucilaginous. 

Aicohol  diffoves  a flill  fmaller  portion  than 
* Jour.  Phyf,  for  1788.  * Jour.  Phyf.  tom.  x & xi. 


water,  and  the  colouring  part  remains  equally 
untouched.  Ether  has  nearly  the  fame  effeCt. 
Neither  the  fixed  nor  the  volatile  oils  have  any 
effect  on  indigo. 

The  fulphuric  acid  is  the  only  fingle  agent 
that  diffolves  indigo  without  deltroying  its  co- 
lour, and  its  application  as  a dye,  in  which 
circumflance  it  is  called  Saxon  blue , has  been 
mentioned  under  the  article  Dyeing. 

The  acid  fhould  be  tolerably  concentrated  to 
diffolve  the  indigo,  and  it  may  be  ufed  quite 
concentrated  without  detriment,  at  leaft  in 
fmall  quantities.  A moderate  heat  much  affifts 
its  aCtion,  but  if  too  high,  the  indigo  becomes 
partially  burnt  or  charred,  fulphuric  acid  gas  is 
given  out,  and  all  the  portion  thus  altered  re- 
mains infoluble  and  is  fpoilt.  The  following 
recipe  for  the  fulphat  of  indigo,  or  Saxon  blue, 
is  given  by  Mr.  Woulfe. e Mix  one  ounce  of 
the  befl  powdered  indigo  with  four  ounces  of 
oil  of  vitriol,  in  a glafs  matrafs,  and  digefl  it 
for  one  hour  in  the  heat  of  boiling  water, 
fhaking  the  mixture  feveral  times,  then  add 
twelve  ounces  of  water  to  it,  ftir  the  whole 
well,  and  when  cold  filter  it.  This  produces 
a very  rich  deep  blue  colour,  of  a much  brighter 
hue  than  any  of  the  other  folutions  of  this  pig- 
ment, but  not  a faff  colour  upon  animal  or 
vegetable  fibre.  The  colouring  power  is  very 
great,  a few  drops  of  this  folution  giving  a 
very  fenfible  bluenefs  to  a confiderable  bulk  of 
water. 

The  nitric  acid  aCts  upon  indigo  with  great 
vehemence,  and  in  a very  fingular  manner.  If 
on  a dram  or  two  of  finely  powdered  indigo  be 
poured  about  an  ounce  of  fuming  nitrous  acid,  in 
a fliort  time  the  mixture  heats  violently,  fends 
forth  a copious  flow  of  nitrous  gas,  with  a 
ftream  of  fparks,  and  the  whole  ends  with, 
burfting  into  flame.  When  diluted,  the  acid 
aCts  much  more  mildly,  but  always  with  the 
entire  deftruCtion  of  the  blue  colour,  and  in  its 
Head  produces  a yellow  aflringent  liquor,  which 
is  pretty  faff  upon  cotton  or  cloth  dipped  in  it. 
This  folution  however  is  ufelefs  in  manufacture. 
Mr.  Hauffman  has  examined  with  fome  mi- 
nutenefs  the  aCtion  of  nitric  acid  on  indigo.  f 
On  adding  at  intervals  four  ounces  of  powdered 
indigo  to  1 6 ounces  of  common  aqua  fortis  heated 
a little,  a great  fwelling  and  difengagement  of 
nitrous  gas  took  place,  and  a coagulum  was 
left,  which  when  wafhed  with  cold  water, 
formed  a brown,  vifcous,  and  very  brittle  mafs, 
in  appearance  like  a gum-refin,  diffolving  in 
alcohol  with  eafe,  but  not’eafily  in  water,  except 
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In  a large  dofe,  and  hot.  The  acid  liquor  in 
which  the  coagulum  was  formed,  when  eva- 
porated and  cooled,  let  fall  more  of  the  fame 
bitter  refinous  matter,  after  which  it  depofited 
a large  quantity  of  cryftals  refembling  oxalic 
acid  in  appearance,  but  bitter  to  the  tafte,  and 
totally  differing  from  it  in  chemical  properties. 
The  nature  of  thefe  cryftals  is  not  well  known. 
An  anonymous  writer  in  Nicholfon’s  Journal^ 
on  repeating  the  above  experiments,  and  ufing 
a very  large  quantity  of  acid,  by  repeated  diftil- 
lations  nearly  deftroyed  the  refinous  matter, 
and  obtained  in  the  receiver  a clear  yellow 
liquor,  ftrongly  fmelling  of  bitter  almonds, 
which  fuggefted  the  idea  of  its  being  prulfic 
acid;  however  after  adding  alkali  to  it  and 
fulphat  of  iron,  no  blue  precipitate  was  pro- 
duced. 

The  oxymuriatic  acid  a£!s  but  feebly  on 
indigo  in  decompofing  or  diforganizing  it,  but 
deftroys  the  blue  colour  totally  and  fpeedily. 
Hence  the  fulphat  of  indigo  has  ingenioufly 
been  applied  as  a meafure  of  the  intenfity  of 
the  bleaching  power  of  the  oxymuriatic  acid. 

None  of  the  other  acids  exert  any  apparent 
adlion  on  the  colouring  matter  of  indigo. 

None  of  the  alkalies,  nor  alkaline  earths, 
either  mild  or  carbonated,  when  ufed  alone, 
have  any  adtion  whatever  on  indigo  in  its  blue' 
or  perfect  ftate.  But  to  effect  a folution  of  it 
in  alkalies,  it  is  neceflary  to  ufe  fome  addition, 
which  appears  firft  to  change  the  indigo,  and 
bring  it  back  to  a ftate  refembling  the  recent 
pulp  during  the  procefs  of  manufacture.  This 
at  leaft  is  made  probable  by  the  change  of 
colour  that  precedes  the  folution  in  alkalies, 
and  appears  an  effential  circumftance,  and  this 
change  is  from  blue  to  green  of  various  {hades, 
with  a brilliant  pellicle  on  the  furface,  of  the 
colour  and  glofs  of  reguline  copper,  or  rather 
brighter.  This  fame  change,  but  in  a reverfe 
order,  takes  place  in  the  fermentation  of  the 
plant,  and  procefs  of  manufacture;  that  is,  the 
colour  is  at  firft  green,  with  a copper-coloured 
pellicle,  and  finally  blue. 

Indigo  not  only  requires  to  be  changed  from 
the  hlue  to  the  green  ftate,  before  it  will  diflblve 
in  alkalies,  but  when  the  folution  is  made,  it 
only  remains  diflblved,  as  long  as  it  continues 
green,  or  greenifh  yellow ; for  when  by  any 
means  it  refumes  its  blue  ftate,  it  immediately 
becomes  infoluble,  and  feparates  from  the  alka- 
line liquor  in  form  of  a dark  blue  mud,  or 
fediment.  Expofure  to  the  atmofphere  rege- 
nerates blue  indigo  in  a remarkable  manner. 


fo  that  if  a drop  of  the  folution  be  poured  on 
paper,  the  furface  turns  from  green  and  yellow 
to  blue  in  a very  few  feconds,  which  laft 
colour  may  be  again  removed  (but  irrecoverably 
fo)  by  the  oxymuriatic  acid.  From  thefe  and 
other  circumftances,  Dr.  Bancroft  infers,  that 
the  caufe  of  the  change  arifes  from  the  different 
degree  of  oxygenation,  the  green  being  in  the 
loweft  ftate  of  oxygenation,  and  the  blue  in  the 
higheft.  The  fubftances  that  form  proper  addi- 
tions to  enable  alkalies  to  diffolve  indigo  are 
very  numerous,  and  very  difcordant  in  their 
nature,  for  not  only  have  the  metallic  fub-oxyds 
this  power,  (as  might  be  expedled)  but  even 
almoft;  every  foluble  vegetable  matter  has  the 
fame,  fuch  as  fugar,  raifins,  bran,  See.  Sec. 
A very  fimple,  and  efficacious  way  of  diflolving 
indigo,  is  by  means  of  the  oxyd  of  tin,  for 
which,  let  fome  well  faturated  rnuriat  of  tin  be 
fuper-faturated  with  potafh,  fo  that  the  precipi- 
tate at  firft  formed,  may  be  rediflolved,  and  the 
folution  converted  into  an  alkaline  one,  after 
which,  indigo  will  diffolve  in  it  readily,  and 
affume  almoft  inftantly  a deep  green  colour. 

The  particular  methods  of  preparing  thefe 
folutions  in  the  indigo  vats,  for  the  ufe  of 
the  dyer,  are  deferibed  fufficiently  under  the 
article  Dyeing. 

The  analyfis  of  indigo  by  fire  only,  affords 
but  little  infight  into  its  compofition.  When 
diftilled  per  fe,  fome  ammonia  and  a peculiar  oil 
rife,  and  if  afterwards  burnt  away,  nothing  re- 
mains but  a very  fmall  portion  of  a very  light 
brown  powder  or  afh.  This  is  a tolerable  teft 
of  its  goodnefs,  as  there  is  hardly  any  vegetable 
that  leaves  fo  fmall  an  afh. 

The  immenfe  ufe  of  indigo  in  dyeing,  has 
already  been  fully  noticed.  At  prefent  by  far 
the  greater  part  of  what  is  employed  in  England, 
comes  diredlly  from  the  Eaft  Indies. 

INFLAMMABLE  AIR.  See  Hydrogen. 
INFLAMMATION. 

Inflammation  may  be  defined  to  be  combuf- 
tion  attended  with  flame.  To  what  is  given 
on  this  fubjedi  under  the  article  Caloric,  iome 
obfervations  may  here  be  added  on  the  fponta- 
neous  inflammation  of  various  fubftances,  on 
which  fome  important  fadts  have  been  colledted. 

Some  of  the  caufes  of  the  fpontaneous  in- 
flammation of  combuftible  fubftances  are  too 
well  known  to  require  to  be  enlarged  upon. 
Of  this  kind  are  fridHon,  the  beat  produced  by 
the  flacking  of  lime  when  in  contadl  with 
combuftible  matter,  the  fermentation  of  hay, 
of  dunghills,  &c. 
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But  befides  thefe  more  common  caufes,  ex- 
perience lias  (hewn  that  many  vegetable  fub- 
ftances,  highly  dried  and  heaped  together,  will 
heat,  fcorch,  and  at  laft  burft  into  flame.  Of 
thefe,  the  mod  remarkable  is  a mixture  of  the 
exprefled  oil  of  the  farinaceous  feeds,  as  rape 
or  linfeed  oil,  with  almoft  any  other  dry  vege- 
table fibre,  fuch  as  hemp,  cotton,  matting,  &c. 
and  {till  more,  if  alfo  united  with  lamp-black, 
or  any  carbonaceous  fubftance.  Thefe  mixtures 
if  kept  for  a time  undifturbed  in  clofe  bundles, 
and  in  a warm  temperature,  even  in  fmall  quan- 
tities, will  often  heat,  and  burn  with  a {moulder- 
ing fire  for  fome  hours,  and  if  air  is  admitted 
freely,  will  then  burft  into  flame.  To  this 
without  doubt  may  be  attributed  feveral  acci- 
dental conflagrations  in  ftorehoufes,  and  places 
where  quantities  of  thefe  fubftances  are  kept,  as 
has  been  proved  by  diredft  experiment. 

The  moft  important  of  thefe  were  made  by 
Mr.  Georgi,  and  a committee  of  the  Royal 
Academy  at  Peterfburgh,  in  the  year  1781,  in 
confequence  of  the  deftrudtion  by  fire,  of  a 
frigate  in  the  harbour  of  Cronftadt ; the  confla- 
gration of  a large  hemp  magazine  in  the  fame 
place  in  the  fame  year ; and  a flight  fire  on 
board  another  frigate,  in  the  fame  port,  in  the 
following  year.1 

Thefe  accidents  led  to  a very  ftridf  examina- 
tion of  the  fubje£f,  by  the  Ruffian  government, 
when  it  came  out,  that  at  the  time  of  the  fecond 
accident,  feveral  parcels  of  matting,  tied  with 
packthread,  in  which  the  foot  of  burnt  firewood 
had  been  mixed  with  oil,  for  painting  the  {hip, 
had  been  lying  fome  time  on  the  floor  of  the 
cabin  whence  the  fire  broke  out. 

In  confequence  of  which,  the  following  ex- 
periments were  made. 

Forty  pounds  of  fir-wood  foot  were  foaked 
with  about  35  pounds  of  hemp-oil  varnifh,  and 
the  whole  was  wrapped  up  in  a mat,  and  put 
into  a clofe  cabin.  In  about  fixteen  hours  it 
was  obferved  to  give  out  a fmoke,  which  rapid- 
ly increafed,  and  when  the  door  was  opened, 
and  the  air  freely  admitted,  the  whole  burft 
into  a flame. 

Three  pounds  of  fir-black  were  mixed  with 
five  pounds  of  hemp-oil  varniffi,  and  the  whole 
bound  up  in  linen,  and  {hut  up  in  a cheft.  In 
fixteen  hours  dt  emitted  a very  naufeous  putrid 
fmell  and  fteam,  and  two  hours  afterwards  it 
was  adtually  on  fire,  and  burnt  to  allies. 

In  another  experiment,  the  fame  occurrences 
took  place,  but  not  till  the  end  of  forty-one 
hours  after  the  mixture  had  been  made;  and  in 
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thefe  and  many  fimilar  experiments,  they  all 
fucceeded  better,  and  kindled  fooner  on  bright, 
than  on  rainy  days.  Chimney  foot  ufed  inftead 
of  lamp-black  did  not  anfwer,  nor  was  any 
effecft  produced,  when  oil  of  turpentine  was 
fubftituted  for  the  hemp  or  rape  oil.  In  general, 
it  was  found,  that  the  accenfion  took  place 
more  readily  with  the  coarfer  and  more  utnftu- 
ous  fir-black,  than  with  the  finer  forts,  but  the 
proportions  of  the  black  to  the  oil,  did  not 
appear  to  be  of  any  great  moment. 

Sometimes  in  wet  weather,  thefe  mixtures 
only  became  hot  for  fome  hours,  and  then 
cooled  again,  without  a£lually  taking  fire. 

In  all  thefe  cafes,  the  foot  or  black  was  from 
wood,  and  not  coal. 

The  prefence  of  lamp-black,  or  any  other 
dry  carbonaceous  matter,  is  not  neceflary  how- 
ever, for  a fpontaneous  inflammation  will  take 
place  in  hemp  or  cotton,  Amply  foaked  in  any 
of  thefe  exprefled  oils,  when  in  confiderable 
quantity,  or  under  circumftances  favourable  to 
this  procefs,  as  in  very  hot  weather,  or  clofely 
ffi'ut  up.  An  accident  of  this  fort  happened  at 
Gainlborough  in  Lincolnlhire,  in  July  1794,* 
with  a bale  of  yarn  of  120  lb.  accidentally 
foaked  in  rape  oil,  which  after  remaining  in  a 
warehoufe  for  feveral  days,  began  to  fmoke,  to 
emit  a moft  naufeous  fmell,  and  finally  to  burft 
out  in  a moft  violent  flame. 

A fimilar  accident  with  a very  fmall  quantity 
of  the  materials,  happened  at  Bombay.13  A 
bottle  of  linfeed  oil  had  been  left  Handing  on  a 
cheft,  this  had  been  thrown  down  by  accident, 
in  the  night,  the  oil  had  run  into  a cheft  which 
contained  fome  coarfe  cotton  cloth,  and  in  the 
morning  the  cloth  was  found  fcorching  hot, 
and  reduced  nearly  to  tinder,  and  the  wood  of 
the  cheft  charred  on  the  infide. 

On  fubfequent  trial,  a piece  of  the  fame 
cloth  was  foaked  in  oil,  ffiut  up  in  a box,  and 
in  no  longer  time  than  three  hours,  it  was 
found  fcorching-hot,  and  on  opening  the  cloth, 
it  burft  into  fire. 

Similar  to  this,  is  the  fpontaneous  combuftion 
of  wool  or  woolen  yarn,  which  has  occafionally 
happened  when  large  quantities  have  been  kept 
heaped  up  in  rooms  little  aired,  and  in  hot 
weather.  The  oil  with  which  wool  is  drefled, 
which  is  generally  rape  oil,  appears  the  chief 
agent  in  this  combuftion. 

Even  high  dried  oily,  or  farinaceous  matter 
of  any  kind,  will  alone  take  fire,  when  placed 
in  circumftances  very  favourable  to  this  procefs. 

Rye  flour  roafted  till  half  parched,  and  of 
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tlid  colour  of  coffee,  "and  wrapped  up  in  a linen 
cloth,  has  been  found  to  heat  violently,  and  to 
deftroy  the  cloth. 

Wheat  flour,  when  heated  in  large  quantities, 
and  highly  dried,  has  been  known  to  take  fire 
in  hot  weather,  caufing  accidents  in  granaries 
and  baker’s  fhops. 

An  accident  of  this  kind  is  related  by  Count 
Morrozzo,  in  the  memoirs  of  the  Turin  Acade- 
my^ to  have  happened  at  a flour  warehoufe  at 
Turin,  containing  about  30®  facks  of  flour. 
It  began  by  a violent  explofion  on  a lamp  being 
brought  into  the  warehoufe,  and  the  whole  was 
foon  after  in  flames. 

Charcoal  alone  alfo  has  been  known  to  take 
fire  in  powder-mills,  when  quantities  of  it  in 
powder  have  been  kept  for  fome  time  clofely 
packed. 

Another,  and  totally  different  fpecies  of  fpon- 
taneous  combuftion,  is  that  which  occurs  during 
the  oxygenation  or  vitriolization  of  pyrites,  or 
fulphurets  of  iron,  copper,  &c. 

A mod  curious,  and  if  it  were  not  well 
authenticated,  a fcarcely  credible  fpecies  of 
fpontaneous  inflammation,  is  that  which  has  in 
a few  rare  inftances  been  known  to  occur  in 
the  human  body. 

It  is  not  quite  certain  indeed  whether  the  firft 
inflammation  has  been  quite  fpontaneous,  or 
caufed  by  the  approach  of  a lighted  fubftance; 
but  in  thefe  melancholy  accidents,  the  body  of 
the  unfortunate  fufferers  has  been  brought  to  a 
ftate  of  fuch  high  combuftibility,  that  the  flame 
once  kindled,  has  gone  on  without  other  fuel, 
to  the  entire  deftru£tion  of  every  part,  (the  bones 
and  extremities  excepted)  and,  as  appears,  at- 
tended with  aCtual  flame,  of  a lambent  faint 
light.  This  change  is  the  more  remarkable,  as 
the  human  body  in  all  its  ufual  ftates,  both  of 
health  and  difeafe,  is  fcarcely  at  all  of  itfelf 
combuftible,  and  cannot  be  reduced  to  afhes 
without  the  afliftance  of  a very  large  pile  of 
faggots,  or  other  fuel,  as  univerfal  experience 
in  the  very  ancient  mode  of  fepulture,  and  the 
hiftory  of  martyrdoms,  abundantly  {hews. 

The  cafes  of  this  human  combuftion  on  re- 
cord, have  occurred  in  different  countries.  Two 
of  them,  well  authenticated,  are  recorded  in 
the  Philofophical  Tranfactions/  and  have  oc- 
curred in  England,  and  a few  others  in  Italy, 
France,  and  elfewhere.  In  all  but  one,  the 
fubje£ts  of  them  have  been  females  rather  ad- 
vanced in  life,  of  indolent  habits,  and  apparent- 
ly much  addicted  to  fpirituous  liquors.  The 


accident  has  generally  been  detected  by  the 
penetrating  fetid  fmell  of  burning  and  footy 
films,  which  have  fpread  to  a great  diftance, 
and  the  fufferers  have  in  every  inftance  been 
difeovered  dead,  and  with  the  body  more  or 
lefs  compleatly  burnt  up,  leaving  in  the  burnt 
parts,  only  an  oily,  crumbly,  footy,  and  ex- 
tremely fetid  matter.  Another  circumftance  in 
which  thefe  cafes  all  agree,  is  the  compara- 
tive weaknefs  of  the  heat  produced  by  this 
combuftion,  notwithftanding  the  very  compleat 
diforganization  of  the  body  itfelf,  fo  that  the 
furniture  of  the  room,  wooden  chairs,  &c. 
which  were  found  within  reach  of  the  burning 
body,  were  in  many  inftances,  abfolutely  unhurt, 
and  in  others,  only  fcorched,  but  the  heat  was 
not  ftrong  enough  to  fet  them  actually  on  fire. 

It  is  impoflible  to  give  an  adequate  reafon  for 
this  mod  remarkable  change,  nor  does  it  feem 
before  the  very  time  of  the  accident  to  have 
produced  any  very  fenfible  alteration  in  the 
appearance,  and  the  functions  of  the  body, — a 
moft  aftonifhing  circumftance. 

With  regard  to  the  effeCt  which  the  ufe  of 
ardent  fpirits  is  fuppofed  to  have  here,  it  is 
impoflible  not  to  imagine  that  this  caufe  may 
contribute  largely  to  this  change;  but  the  in- 
ftances of  the  abufe  of  fpirits  are  fo  innumerable, 
and  thofe  of  this  furprifing  combuftion,  are  fo 
extremely  rare,  that  very  little  fatisfaCtion  can 
be  obtained  from  this  explanation. 

INFUSION 

Is  the  maceration  of  any  fubftance  in  water, 
or  any  other  liquid,  hot  or  cold,  with  a view 
of  extracting  its'  foluble  parts.  The  liquid  thus 
impregnated  is  called  an  Itifufion. 

INGOT. 

An  ingot  is  a fmall  bar  of  metal  made  of  a 
particular  form  and  fize,  (generally  a very  long 
parallelopiped)  by  calling  it  in  hollowed  iron  or 
brafs  plates,  called  ingot  moulds.  It  is  chiefly 
to  the  fmall  bars  of  gold  and  filver  that  the 
term  ingot  is  applied. 

INK.  Common  ‘writing. 

The  preparation  of  common  writing  ink,  is  a 
fubjeCt  of  great  importance  in  technical  chem- 
iftry.  A good  ink  is  of  a proper  confiftence 
to  flow  freely  from  the  pen,  of  a full  deep 
black,  fo  permanent  as  to  remain  for  a number 
of  years  without  materially  fading,  or  becoming 
illegible,  dries  very  foon  after  writing  with  it, 
and  does  not  confiderably  corrode,  or  foften  the 
pen.  The  bafis  of  all  the  common  writing  inks 
is  the  fine  black,  or  dark  blue  precipitate,  formed 
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by  the  addition  of  vegetable  aftringents,  and 
particularly  the  foluble  part  of  the  gall-nut,  to 
a folution  of  iron,  generally  the  fulphat.  But 
as  this,  if  diffufed  in  water  alone,  would  fubfide 
in  a fhort  time,  and  leave  the  fupernatant  liquor 
nearly  without  colour,  the  precipitate  is  kept 
fufpended,  by  thickening  the  water  with  gum 
arabic,  or  any  other  gum  mucilage,  which  alfo 
gives  the  ink  the  due  confiftence,  and  enables  it 
to  trace  a fine  ftroke  on  the  paper  without 
running.  Thefe  materials  therefore,  that  is, 
gall-nuts,  green  vitriol,  (fulphat  of  iron)  gum 
arabic,  and  water,  are  all  that  are  neceffary  for 
the  compofition  of  ink,  and  if  they  are  of  good 
quality,  and  properly  proportioned  to  each  other, 
every  other  addition  ufually  made,  adds  very 
little  to  its  perfe&ion. 

It  is  not  well  afcertained  how  foon  the  prefent 
kind  of  writing  ink  came  into  ufe.  It  has  cer- 
tainly been  employed  for  many  centuries  in 
moll  European  countries,  but  the  antient  Ro- 
man inks  were  for  the  moll  part  of  a totally 
different  compofition,  being  made  of  fome  vege- 
table carbonaceous  matter  like  lamp-black,  dif- 
fufed in  a liquor.  The  Chinefe  and  many  of 
the  other  inks  ufed  by  the  Oriental  nations, 
are  {fill  of  this  kind. 

On  the  fubje<ft  of  the  common  writing  ink, 
Dr.  Lewis  a has  fo  full  and  fo  accurate  an  in- 
veftigation,  and  his  experiments  are  fo  fimple 
and  well  devifed,  that  little  elfe  can  be  added 
to  the  fubjedl  in  a technical  point  of  view.  For 
a fuller  chemical  enquiry  into  the  nature  of  the 
atramentous  precipitate,  the  reader  is  referred 
to  the  articles  Gallic  Acid  and  Iron. 

Dr.  Lewis  firft  endeavoured  to  afcertain  the 
beft  proportion  between  the  galls  and  the  ful- 
phat of  iron,  to  render  the  ink  permanent ; for 
it  is  to  be  obferved  that  with  almofl  any  propor- 
tions, if  the  entire  quantity  be  fufficient,  the 
ink  will  be  fine  and  black  at  firft,  but  many  of 
thefe  inks  if  kept  for  fome  time,  efpecially  ex- 
pofed  to  light  and  air,  v/ill  grow  brown  and 
fade,  and  the  letters  made  with  it  v/ill  become 
nearly  illegible. 

By  trying  different  proportions  of  galls  and 
fulphat  of  iron,  it  was  found  that  when  about 
in  equal  quantities  (the  galls  being  powdered 
and  boiled  fully  to  extract  their  foluble  parts) 
they  appeared  to  be  mutually  faturated,  fo  that 
the  mixed  liquors  would  receive  no  additional 
blacknefs  from  a further  dofe  of  one  or  the 
other.  This  however  was  only  a rough  approx- 
imation to  accuracy,  for  the  fame  effect  was  pro- 
ceed when  either  fubftance  was  alfo  in  a fmall 


degree  fuperior  in  quantity  to  the  other.  But  Dr. 
Lewis  found  that  an  ink  with  equal  parts  of  the 
two,  though  very  black  at  firft,  changed  to  a 
yellowifii  brown  upon  expofure  to  the  fun  and 
air  only  for  a few  days.  This  was  again 
blackened  by  waffling  with  frefh  gall-infuiion, 
and  hence  it  appears  a fair  inference  that  the 
galls  are  in  fome  degree  a perifhable  fubftance, 
fo  that  to  enfure  durability,  a much  greater 
proportion  muft  enter  into  the  ink  than  is  re- 
quired for  mere  faturation  in  the  firft  inftance. 
Thus  it  was  found  that  two  parts  of  galls  and 
one  of  vitriol,  make  a much  more  durable  ink 
than  with  equal  parts,  and  three  of  galls  with 
one  of  vitriol  was  ftill  more  durable.  When 
the  galls  were  encreafed  beyond  this  point  the 
colour  was  indeed  quite  permanent,  but  it  was 
not  of  fo  full  a black. 

The  proportion  of  water  or  other  liquid  to 
the  folid  ingredients  will  admit  of  great  varia- 
tion. One  part  of  vitriol,  three  of  galls,  and 
fifty  parts  of  water,  gave  an  ink  black  enough 
for  common  ufe,  but  the  fineft  and  blacked; 
was  made  when  only  ten  of  water  were  em- 
ployed ; nor  was  any  deficiency  in  the  gallic 
acid  obferved  after  fifteen  years,  though  the 
water  was  fcarcely  more  than  fufficient  to  cover 
the  galls,  and  therefore  could  hardly  be  fup- 
poled  capable  of  extrafling  all  the  foluble  part 
of  them,  and  though  the  vitriol,  from  its  greater 
folubility,  would  probably  be  diffolved  entirely, 
and  thus  be  in  greater  proportion  than  ufual. 
Other  liquors  befides  water  were  tried.  Of 
thefe  white  wine  and  vinegar  appeared  to  an- 
fwer  fomewhat  better,  but  any  confiderable 
proportion  of  fpirit  of  wine,  or  brandy,  obvi- 
oufly  did  harm,  owing  to  the  inl'olubility  of  the 
fulphat  of  iron  (as  of  all  the  other  fulphats)  in 
alcohol,  and  therefore  its  diminiffied  folubility 
in  any  liquor  is  in  proportion  to  the  alcohol 
it  contains.  A decotfion  of  logwood  ufed  in- 
ftead  of  water,  fenfibly  improved  the  beauty  of 
the  colour. 

Inftead  of  galls  other  aftringents  were  em- 
ployed, fuch  as  lloes,  oak-bark,  tormentil  root, 
&c.  but  though  they  all  gave  a good  blue-black 
with  the  fait  of  iron,  none  of  them  was  equal 
to  the  gall-nut  in  this  refpeft. 

Other  falts  of  iron  were  alfo  fubftituted  to 
the  fulphat.  The  muriat  and  nitrat  of  iron 
nearly  equalled  the  fulphat  in  colour,  but  proved 
too  corrofive  to  the  paper,  and  as  they  were  in 
no  refpedt  preferable  to  the  fulphat,  there  is  no 
reafon  for  abandoning  it. 

Imagining  that  there  muft  be  fome  excefs  of 
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fulphuric  acid  in  common  ink,  to  which  the 
fading  might  be  imputed,  Dr.  L.  tried  to  neu- 
tralize it  by  lime  and  alkalies,  but  with  manifeft 
injury,  the  colour  being  rendered  thereby  ex- 
tremely fugitive.  Another  ingenious  idea  for 
avoiding  the  fuppofed  excefs  of  acid,  was  to  fe- 
parate  the  black  atramentous  precipitate,  wafh  it, 
and  again  diffufe  it  with  water  thickened  with 
gum.  This  did  indeed  make  a very  good  ink,  but 
with  the  capital  defedt  of  not  remaining  fo  long 
fufpended  in  the  liquor,  and  efpecially  of  not 
fixing  itfelf  to  the  paper  like  common  ink,  but 
rather  only  fliglitly  adhering  like  a weak  gum 
varnifh,  and  was  readily  wafhed  off  by  water. 
Hence  it  appears  that  the  acid  of  the  fait  of  iron 
adls  as  a kind  of  mordant  or  intermede,  between 
the  atramentous  precipitate  and  the  paper,  and 
caufes  a degree  of  chemical  union  between  them : 
a real  advantage  which  this  fpecies  of  ink  pofl'effes 
over  all  the  lamp-black  or  China  inks,  which 
indeed  are  rather  black  varnifhes. 

With  regard  to  the  gummy  ingredient,  the 
effect  of  which  is  chiefly  mechanical,  it  was 
found  that  any  other  gum-mucilage  would  an- 
fwer  as  well,  but  not  glue,  iflnglafs,  nor  animal 
jelly  of  any  kind.  Befides  as  thefe  latter  pu- 
trify  by  keeping,  this  alone  would  be  a ftrong 
objedtion. 

Sugar  is  fometimes  added  to  ink.  It  makes 
it  flow  fomewhat  eafier  from  the  pen,  and  gives 
it  when  dry  a glofs  which  is  admired  by  fome. 

It  has  this  quality  however  of  making  it  very 
flow  in  drying,  which  in  moft  cafes  is  an  incon- 
venience. 

On  account  of  the  great  improvement  to  the 
black  atramentous  dye  produced  by  adding  ful- 
phat  of  copper  ( See  the  article  Dyeing J,  fome 
have  recommended  this  addition  to  common  ink, 
which  is  compofed  of  the  fame  materials ; but 
it  does  not  appear  that  the  fame  advantage  is 
here  obtained,  and  Dr.  Lewis  thinks  it  an  ufelefs 
addition. 

From  the  above  obfervations  Dr.  Lewis  gives 
the  following  receipt  for  the  compofition  of  ink: 
Put  into  a ftone  or  glafs  bottle,  or  any  other 
veffel,  three  ounces  of  finely  powdered  galls, 
one  ounce  of  green  vitriol,  one  ounce  of  log- 
wood finely  rafped  or  bruifed,  one  ounce  of 
gum  arabic,  and  a quart  of  foft  water.  Shake 
the  bottle  well,  and  let  the  ingredients  ftand  in 
a moderately  warm  place  for  a week  or  ten 
days,  fhaking  it  frequently  in  the  day.  It  is 
then  fit  for  ufe,  but  a little  before  it  is  put  into 
the  ink-ftand,  it  is  better  to  fhake  the  bottle 
that  the  colour  may  be  more  uniformly  difFufed. 

*>  Phil.  Tranf 


To  prevent  the  ink  from  moulding,  Houma!* 
recommends  half  a dozen  cloves  to  be  bruifed 
with  the  gum  arabic  and  put  into  the  bottle. 
This  appears  an  ufeful  addition.-  Inftead  of 
water  alone,  where  a very  fine  ink  is  wanted, 
white  wine  or  vinegar  and  water  may  be  ufed. 

If  the  ink  be  wanted  for  ufe  in  a very  fhort 
time,  the  galls  and  logwood  may  be  boiled  for 
half  an  hour  in  the  water,  adding  a little  more 
to  fupply  the  wafte,  and  the  decodtjon  while 
hot  {trained  off  through  a cloth,  and  the  gum 
arabic  and  cloves,  and  the  fulphat  of  iron,  both 
in  fine  powder,  added  to  the  decodtion  when 
in  the  bottle  and  fhaken.  The  ink  will  then 
be  fit  for  ufe  almoft  immediately  after  the  latter 
ingredients  are  diffolved.  It  will  be  improved 
by  adding  to  the  bottle  fome  pieces  of  gall-nut 
coarfely  bruifed. 

Ink  kept  in  a clofe  bottle  is  always  rather 
pale,  but  it  blackens  by  expofure  to  air  in  a few 
hours,  and  probably  in  this  way  the  colour  is; 
fomewhat  more  durable  than  if  it  were  brought 
by  previous  expofure  to  its  full  colour  at  once. 

It  has  been  mentioned  that  fugar  renders  ink 
flow  in  drying.  Advantage  is  ingenioufly  taken- 
of  this  property  in  enabling  it  to  give  one,  and 
fometimes  two  impreflions  on  foft  paper  when 
ftrongly  preffed.  In  this  Ample  way  letters  are 
copied  in  merchants  counting-houfes,  and  offices 
of  bufinefs.  A little  fugar  is  mixed  with  the 
ink,  the  written  fheet  is  laid  on  the  copying 
prefs,  a blank  fheet  of  porous  and  damped 
paper  is  put  over  it,  and  by  the  preflure  of  the 
machine  a perfedt  fac-fimile  of  the  writing  is 
ftruck  off,  fufficiently  legible  for  all  purpofes. 

This  ingenious  method  faves  a vaft  quantity 
of  labour  ufually  beftowed  in  copying  letters, 
and  befides  prevents  all  poffibility  of  miftake. 

Sometimes  the  ink  of  very  old  writings  is  fo 
much  faded  by  time  as  to  be  illegible.  Dr. 
Blagden  b in  his  experiments  on  this  fubjedt, 
found  that  in  moft  of  thefe  the  colour  might 
be  reftored,  or  rather  a new  body  of  colour 
given,  by  pencilling  them  over  firft  with  a fo- 
lution  of  pruffiat  of  potafh,  and  then  with  a 
dilute  acid  either  fulphuric  or  muriatic  ; or  elfe 
vice-verfa,  firft  with  the  acid  and  then  with 
the  pruffiat.  The  acid  diffolves  the  oxyd  of 
iron  of  the  faded  ink,  and  the  pruffiat  precipi- 
tates it  again  of  a blue,  which  reftores  the  legi- 
bility of  the  writing.  If  this  be  done  neatly 
and  blotting  paper  laid  over  the  letters  as  fall: 
as  they  become  vifible,  their  form  will  be  re- 
tained very  diftindlly.  Pencilling  over  the- 
letters  with  an  infufion  of  galls  alfo  reftores  the 
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blacknefs  to  a certain  degree,  but  not  fo  fpeedily 
nor  fo  completely. 

The  blacknefs  of  common  ink  is  almoft  in- 
flantly  and  irrevocably  deftroyed  by  the  oxy- 
muriatic  acid,  and  hence  any  writing  may  be 
effaced  by  this  method  completely.  To  prevent 
this  mifchief,  which  might  often  be  a ferious 
one,  feveral  additions  have  been  propofed  to 
common  ink,  of  which  by  far  the  bell  is  lamp- 
black or  charcoal,  in  impalpable  powder,  on 
■which  the  acid  has  no  effect.  The  lamp-black 
(hould  be  of  the  leaft  oily  kind,  as  it  does  not 
readily  mix  with  the  ink,  and  fome  pains  muff 
be  taken  to  incorporate  them.  On  this  account 
perhaps  common  charcoal  is  preferable.  About 
a quarter  of  the  weight  of  the  vitriol  ufed  will 
be  amply  fufficient.  This  will  not  fade  by 
age. 

Ink.  China  or  Indian. 

The  well  known  and  much  admired  Indian 
or  China  ink,  is  brought  over  in  fmall  oblong 
cakes,  which  readily  become  diffufed  in  water 
by  rubbing,  and  the  blacknefs  remains  fufpended 
in  it  for  a confiderable  time,  owing  to  the  ex- 
treme fublety  of  divifion  of  the  .fubftance  that 
gives  the  colour,  and  the  intimacy  with  which 
it  is  united  to  the  mucilaginous  matter  that 
keeps  it  fufpended. 

Indian  ink  does  however  depofit  the  whole 
of  its  colour  by  (landing,  when  it  is  diffufed  in 
a confiderable  quantity  of  water.  Dr.  Lewis 
on  examining  this  fubftance  found  that  the 
ink  confifted  of  a black  fediment  totally  info- 
luble  in  water,  which  appeared  to  be  of  the 
nature  of  the  fineft  lamp-black,  and  of  ano- 
ther fubftance  foluble  in  water,  and  which 
putrefied  by  keeping,  and  when  evaporated  left 
a tenacious  jelly  exactly  like  glue  or  ifinglafs. 
It  appears  probable  therefore  that  it  confifts  of 
nothing  more  than  thefe  two  ingredients,  and 
probably  may  be  imitated  with  perfe£l  accu- 
racy by  ufing  a very  fine  jelly,  like  ifinglafs  or 
fize,  and  the  fineft  lamp-black,  and  incorpo- 
rating them  thoroughly.  The  fineft  lamp-black 
known  is  made  from  ivory  (havings,  and  thence 
called  ivory-black. 

Ink.  Printers. 

This  is  a very  Angular  compofition,  partaking 
much  of  the  nature  of  am  oil  varnifh,  but  differ- 
ing from  it  in  the  quality  of  adhering  firmly  to 
moiftened  paper,  and  in  being  to  a confiderable 
degree  foluble  in  foap  water. 

It  is,  when  ufed  by  the  printers,  of  the  con- 
fidence of  rather  thin  jelly,  fo  that  it  may 
he  fmcared  over  the  types  readily  and  thinly, 


when  applied  by  leather  cufhions,  and  it  dries 
very  fpeedily  on  the  paper  without  running 
through  to  the  other  fide,  or  paffing  the  limits 
of  the  letter. 

The  method  of  making  printer’s  ink  is  thus 
defcribed  by  Dr.  Lewis. 

Ten  or  twelve  gallons  of  nut  oil  are  fet  over 
the  fire  in  a large  iron  pot,  and  brought  to  boil. 
It  is  then  ftirred  with  an  iron  ladle,  and  whilft 
boiling,  the  inflammable  vapour  riling  from  it 
either  takes  fire  of  itfelf  or  is  kindled,  and 
fuffered  to  burn  in  this  way  for  about  half  an 
hour,  the  pot  being  partially  covered  fo  as  to 
regulate  the  body  of  the  flame,  and  confequently 
the  heat  communicated  to  the  oil.  It  is  fre- 
quently ftirred  during  this  time  that  the  whole 
may  be  heated  equally,  otherwife  a part  would 
be  charred  and  the  reft  left  imperfedf.  The 
flame  is  then  extinguifhed  by  entirely  covering 
the  pot.  The  oil  by  this  procefs  has  much  of 
its  undluous  quality  deftroyed,  and  when  cold 
is  of  the  confidence  of  foft  turpentine,  and  is 
then  called  varnifh.  After  this  it  is  made  into 
ink  by  mixture  with  the  requifite  quantity  of 
lamp-black,  of  which  about  2\  ounces  are  fuffi- 
cient for  1 6 ounces  of  the  prepared  oil.  The 
oil  lofes  by  the  boiling  about  an  eighth  of  its 
weight,  and  emits  very  offenfive  fumes.  Seve- 
ral other  additions  are  made  to  the  oil  during 
the  boiling,  fuch  as  crufts  of  bread,  onions, 
and  fometimes  turpentine.  Thefe  are  kept 
fecret  by  the  preparers.  The  intention  of  them 
is  more  effedlually  to  deftroy  part  of  the  un£lu- 
ous  quality  of  the  oil,  to  give  it  more  body,  to 
enable  it  to  adhere  better  to  the  wetted  paper, 
and  to  fpread  on  the  types  neatly  and  uniformly. 

Befides  thefe  additions,  others  are  made  by 
the  printers,  of  which  the  moft  important  is 
generally  underftood  to  be  a little  fine  indigo  in 
powder,  to  improve  the  beauty  of  the  colour. 

For  further  obfervations  on  the  nature  of 
fixed  oils,  and  the  alteration  they  undergo  by 
heat,  fee  the  article  Oil.  ( Fixed.) 

Red  printers  ink  is  made  by  adding  to  the 
Varnifh  about  half  its  weight  of  vermillion.  A 
little  carmine  alfo  improves  the  colour.0 

Inks.  Coloured. 

Few  of  thefe  are  ufed  except  red  ink.  The  pre- 
paration of  thefe  is  very  Ample,  confiding  either 
of  deco£lions  of  the  different  colouring  or  dyeing 
materials  in  water,  and  thickened  with  gum  ara- 
bic,  or  of  coloured  metallic  oxyds  or  infallible 
powders  merely  diffufed  in  gum  water.  The 
proportion  of  gum  arabic  to  be  ufed  may  be  the 
fame  as  for  biack  writing  ink.  All  that  applies 
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to  the  fixed  or  fugitive  nature  of  the  feveral 
articles  ufed  in  dyeing , may  be  applied  in  general 
to  the  ufe  of  the  fame  fubftances  as  inks. 

Red  Ink  is  ufua'lly  made  by  boiling  about  two 
ounces  of  Brazil  wood  in  a pint  of  water  for 
a quarter  of  an  hour,  and  adding  to  the  de- 
coction the  requifite  quantity  of  gum,  and  about 
half  as  much  alum.  The  alum  both  heightens 
the  colour  and  makes  it  lefs  fugitive.  Pro- 
bably a little  madder  would  make  it  more 
durable. 

Blue  Ink  may  be  made  by  diffufing  Pruffian 
blue  or  indigo  through  ftrong  gum-water. 

Yellow  Ink  may  be  made  by  a folution  of 
gamboge  in  gum-water. 

Molt  of  the  common  water-colour  cakes  dif- 
fufed  in  water,  wvill  make  fufficiently  good 
coloured  inks  for  moll  purpofes. 

Inks  Sympathetic  or  Secret. 

Thefe  are  all  liquids  which  have  fcarcely  any 
colour  in  their  common  Hate,  and  therefore 
when  characters  are  traced  with  them  on  paper 
they  are  invifible,  or  nearly  fo,  at  firft,  but  a 
colour  is  given  to  them  either  by  applying  forne 
chemical  reagent,  or  by  mere  heat.  A con- 
fiderable  number  of  thefe  have  been  invented, 
fome  of  which  may  be  juft  enumerated. 

The  fympathetic  ink  of  cobalt  is  the  belt 
known  and  the  moll  fingular.  Any  folution 
of  this  metal  that  contains  muriatic  acid  in  any 
form  becomes  green  when  heated,  but  returns 
to  a Hate  nearly  colourlefs  when  cold.  This 
alfo  will  appear  and  vanilh  alternately  by  heat- 
ing or  cooling.  When  the  cobalt  is  pure  the 
colour  approaches  Itrongly  to  blue.  See  Cohalt. 

Characters  written  with  lemon-juicc  are  in- 
vifible  at  firft,  but  on  flrongly  heating  the  paper, 
the  extradive  matter  of  the  lemons  turns  brown, 
ajid  thus  becomes  vifible. 

Sulphuric  acid  moderately  diluted,  anfwers 
in  the  fame  way.  On  heating  the  paper  the 
water  of  the  acid  flies  off,  the  latter  becomes 
thereby  concentrated,  and  aCts  on  the  paper, 
making  it  brown. 

Of  the  fecret  inks  formed  by  the  action  of 
reagents,  the  metallic  folutions  that  are  black- 
ened by  a liquid  fulphuret,  or  fulphuretted  hy- 
drogen gas,  are  the  bell  known.  Thel'e  metallic 
folutions  are  thofe  of  lead,  filver,  bifmuth,  and 
mercury. 

The  acetite  of  lead  is  one  of  the  molt  conve- 
nient. Letters  written  by  any  of  thefe  folutions, 
are  at  once  blackened  and  rendered  vifible  by 
being  wetted  with  the  fulphuretted  folution,  or 
more  flowly  by  expofure  to  the  gas.  The  fo- 

a Emmerlingjl.cnz,  Kirwan,  Jamefon,  Hauy,  Brochant. 
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lutions  may  be  very  dilute,  as  the  deepening  of 
colour  is  very  powerful. 

A weak  folution  of  gallic  acid  diluted  to  be 
colourlefs,  will  alfo  be  blackened  by  any  fait  of 
iron. 

Prulfiat  of  potalh  will  likewife  become  blue 
by  any  folution  of  iron. 

IRIDIUM.  SeePLATiNA. 

IRON.  Ferrum.  Lat.  Fer.  Fr.  Eifen.  Germ. 
Jem.  Dan.  Jam.  Swed.  Mars.  Alchein. 

Iron  is  a metal,  of  a bluifli  grey  colour,  hard, 
dudile  and  malleable ; Capable  of  acquiring 
magnetic  polarity,  and  of  being  welded  ; loluble 
in  the  muriatic  and  mod  other  acids ; precipi- 
table  in  the  Hate  of  Pruffian  blue  by  a prufliated 
alkali,  and  affuming  a deep  bluifh-bjack  colour 
with  infufion  of  gall-nut. 

§.  1.  O,  ~es  of  I,  ■on.  * 

Sp.  1.  Native  Iron.  Gediege/i  Eifen.  Wern. 
Fer  Nat  if.  Broch. 

Its  colour  is  light  Heel-grey  refembling  white 
call  iron  or  platina  •,  but  it  is  generally  covered 
by  a thin  fuperficial  cruft  of  brown  oxyd.  It 
occurs  branched  or  cellular.  Its  luftre  is  mo- 
derately Alining  and  metallic.  Its  fradture  is 
hackly ; it  gives  a bright  ftreak,  may  be  eafily 
cut  with  a knife ; and  is  perfectly  malleable 
when  cold,  and  in  a moderate  heat,  but  at  a 
high  temperature  it  becomes  brittle  "and  granu- 
lar *,  it  is  flexible  and  difficultly  frangible.  Sp. 
gr.  not  exceeding  6.48. 

A mafs  of  native  iron,  reported  by  the  inha- 
bitants of  the  country  to  have  fallen  from  the 
fky,  was  found  by  Profeffor  Pallas  in  Siberia. 
Between  the  rivulets  Ubei  and  Siffim,  that  run 
into  the  Jenifei  on  the  ealtern  fide,  is  a moun- 
tain containing  a rich  mine  of  magnetic  iron 
ore ; on  the  fame  fide,  of  the  mountain  where 
this  mine  is  fituated,  was  found  lying  loofe  on 
the  rock  the  mafs  of  native  iron  alluded  to, 
weighing  1680  Ruff.  lbs.  b This  mafs  is  cel- 
lular, and  the  cells  are  either  empty  or  occupied 
by  a tranfparent  greenifti  yellow  fubftance,  at  firft 
taken  for  fluor  fpar,  but  which  on  fubfequent 
examination  greatly  refembles  the  chryfolite.  c 

A ftill  larger  mafs  of  native  iron  was  feen 
and  deferibed  by  Don  Rubin  de  Celis. d It  is 
fituated  in  the  diftridl  of  Otumpa,  in  the  Vice- 
royalty of  Peru  ; its  weight  is  about  15  ton  ; 
it  is  compadl  externally,  and  is  marked  with 
impreffions  as  if  of  hands  and  feet,  but  much 
larger,  and  of  claws  of  birds  ; internally  it  is  full 
of  cavities.  It  is  almoft  imbedded  in  white  clay, 
and  the  country  round  is  quite  flat  and  deilitutc 
of  water.  Another  mafs  of  iron  likened  in 

b Pallas  in  Phil.  Tianf.  Ixvi.  p.  523.  « Bournon  in  Phil, 
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fhape  to  a fallen  tree  has  alfo  been  feen  in  the 
fame  territory. 

Native  iron,  in  detached  mafles,  and  of  a 
cellular  texture,  has  alfo  been  found  near  Tabor 
in  Bohemia,  and  in  Senegal  in  Africa. 

All  thefe  fpecimens  of  native  iron  bear  a 
ftriking  refemblance  to  each  other  in  their  being 
found  in  cafual  detached  mafles  on  the  furface 
of  the  earth,  in  their  cellular  texture,  and  in 
their  chemical  compofition,  whence  it  is  pro- 
bable that  they  have  originated  from  fimilar 
caufes,  and  the  hypothefis  of  their  having  fallen 
from  the  atmofphere  appears  to  be  fupported 
by  ftrong  analogy  as  well  as  vulgar  tradition  ; 
but  for  further  particulars  on  this  curious  fub- 
je£t  we  refer  the  reader  to  the  article  Stones 
meteoric. 

Native  iron  has  alfo  been  found  imbedded 
in  brown  ironftone,  fpathofe  ironftone,  and  heavy 
fpar,  at  Kamfdorf  in  Saxony,  and  is  faid  to 
have  occurred  ftalactitical  with  brown  ironftone 
and  quartz,  forming  a vein  in  the  mountain 
of  Oulle  near  Grenoble. 

It  is  remarkable  that  the  native  iron  in  de- 
tached mafles,  or  as  Klaproth  calls  it,  the  mete- 
oric iron,  is  in  fa£t  an  alloy  of  this  metal  with 
nickel,  and  to  this  admixture  it  is  no  doubt 
greatly  indebted  for  the  long  refiftance  that  it 
makes  to  the  combined  aftion  of  air  and  moif- 
ture.  Common  hammered  iron  is  of  all  metallic 
fubftances  the  rnoft  eafdy  corroded  by  ruft,  yet 
the  native  iron  oxydates  with  great  difficulty. 

But  although  chemifts  are  agreed  refpedfing 
the  nature  of  the  ingredients  of  meteoric  iron, 
they  vary  remarkably  in  their  accounts  of  the 
propoi’tions.  This  difference  is  partly  to  be 
attributed  to  a real  variation  in  the  proportions, 
but  principally  to  the  different  methods  that 
have  been  had  recourfe  to  in  eftimating  the 
amount  of  the  nickel. 

Mr.  Howard  e endeavoured  to  afeertain  the 
quantity  of  nickel  by  the  following  procefs. 
He  firft  diffolved  fome  pure  bar  iron  in  nitric 
acid,  and  precipitated  the  oxyd  by  cauftic  am- 
monia, and  from  the  refult  of  feveral  experi- 
ments found  that  ioo  parts  of  iron  thus  treated, 
afforded  145  of  oxyd  ; but  oxyd  of  nickel  is 
not  precipitable  by  ammonia,  therefore  in  pro- 
portion to  the  nickel  contained  in  the  alloy  will 
the  oxyd  procured  fall  fnort  of  the  eftrmated 
amount  which  pure  iron  would  have  afforded. 
Thus  1 00  grains  of  the  Siberian  iron  yielded 
127  of  oxyd  of  iron,  hence  the  proportion  of 
nickel  which  it  contains,  is  12.5  per  cent,  (not 
1 7 per  cent,  as  Mr.  H.  has  inadvertently  ftated) 
for 

* Phil  Tranf,  xcii.  p 191.  ’ Ann.  de  ! 


: 145  oxyd  : 100  iron  : : 127  oxyd  : 87.5  iron  ; 
therefore  the  Siberian  iron  confifts  of 

87.5  Iron 

12.5  Nickel 

100.0 


Again  in  like  manner  the  S.  American  iron 
yielded  80  grains  of  oxyd  from  62  of  the  metal ; 
hence  it  contained,  not  as  Mr.  H.  ftates,  iq 
per  cent,  but  n per  cent,  of  nickel,  for  : 1 45  r 
100  : : 80  : 55.1,  hence  the  62  grains  conftfted 
of  55.1  iron,  and  6.9  nickel;  therefore  10a 
parts  of  this  contains 

88.9  Iron 
1 1. 1 Nickel 

X 00.0 


So  the  Bohemian  iron  gaye  30  grains  of  oxyd 
from  25  of  the  metal,  and  therefore  conftfted, 
of  82.4  Iron 

17.6  Nickel 

100.0 

Laftly  the  Senegal  iron  yielded  199  grains  of 
oxyd  from  145  of  metal,  and  therefore  con- 
tained not  between  5 and  6 per  cent,  as  Mr.  H. 
ftates,  but  95.2  Iron 
4.8  Nickel 


100.0 

The  South  American  iron  has  been  analyfed 
alfo  by  M.  Prouft, f but  in  a different  way 
from  that  followed  by  Mr.  Howard.  M. 
Prouft  found  that  100  grains  of  iron  wire  yielded 
with  dilute  fulphuric  acid,  200  cubic  inches  of 
hydrogen  gas;  but  100  grains  of  native  iron 
gave  only  176  inches,  therefore  : 200  : 100  : : 
176  : 88,  hence  the  amount  per  cent,  of  the 
two  metals  is  88  Iron 

12  Nickel 

100 


which  agrees  very  fatisfaftorily  with  the  pro- 
portions indicated  by  Mr.  Howard. 

But  Klaproth,  according  to  Jamefon,s  has 
analyfed  fome  native  irons  with  refults,  if  they 
are  corredlly  reported,  widely  differing  from 
thofe  which  we  have  juft  quoted.  According 
to  this  able  chemift  the  meteoric  iron  of  Bohemia 
and  Siberia  confifts  of 
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B.  S. 

96.5  — 98.5  Iron 

3.5  — 1.5  Nickel 


100  — 100 

The  proper  native  iron  of  Kamfdorf  in  Sax- 
ony, according  to  the  fame  authority,  is  com- 
pofed  of  92.5  Iron 

6.0  Lead 

1.5  Copper 

100.0 

Sp.  2.  Unmagnetical  Iron  Pyrites. 

Of  this  there  are  the  five  following  fub- 
fpecies. 

i.Subfp.  Common  Pyrites.  Gemeimr  Sehiucf- 
e Ikies.  Wern.  Pyrite  martiale  commune.  Broch. 

Its  colour  is  perfect  brafs-yellow,  fometimes 
by  tarnifhing  it  is  fuperfi dally  reddifh  or  brown- 
iih. 

It  occurs  maftive,  difleminated,  inverting,  and 
cryftallized.  Its  primitive  cryftalline  form  is  the 
cube,  which  pafies  into  the  following  varieties  : 

1 . The  cube,  with  convex  faces, 

2.  The  cube  with  folid  angles  replaced  by 
triangular  facets,  fo  as  to  be  intermediate  be- 
tween the  cube  and  o&ohedron. 

3.  The  cube  with  its  edges  replaced  by  nar- 
row planes  inclined  more  towards  one  than  the 
other  of  the  adjacent  faces. 

4.  The  cube  with  the  three  plane  angles  that 
form  each  of  the  folid  angles,  replaced  by  fe- 
condary  angles  of  more  than  90°. 

5.  The  oCtohedron  either  perfeCt  or  with  all 
its  folid  angles  replaced  by  planes. 

6.  The  dodecahedron  with  pentagonal  faces. 

7.  The  fame,  with  fix  oppofite  and  parallel 
edges  replaced  by  narrow  planes. 

8.  The  dodecahedron  with  eight  of  its  angles 
replaced  by  planes,  forming  the  paflage  into  the 
icofahedron. 

9.  The  perfeCt  icofahedron.  This  variety  is 
extremely  rare. 

10.  The  fame,  with  four  edges  replaced  by 
narrow  planes. 

11.  The  triacontahedron,  formed  of  thirty 
rhombic  faces. 

The  cryftals  are  moftly  final],  but  the  cubes 
are  often  middle-fized ; they  are  fometimes 
fingle,  but  oftener  varioufly  aggregated.  The 
furface  of  the  cryftals  is  generally  fmooth,  but 
the  cubes  fometimes  occur  ftriated  in  three 
directions : their  lurtre  varies  from  fpecular  to 

* Phil,  Tran 


gliftenmg.  Internally  it  is  feebly-fliining,  with 
a metallic  lurtre.  Its  fraCture  is  coarfe  or  fine- 
grained uneven.  Its  fragments  are  indetermi- 
nately angular.  It  does  not  yield  to  the  knife  ; 
and  gives  red  fparks  with  fteel : it  is  opake, 
brittle,  not  very  frangible,  and  by  percuflion 
affords  a fulphureous  odour.  Sp.  gr.  of  the 
cryftallized,  4.78  : 4.83. 

When  expofed  to  the  blowpipe  on  charcoal, 
it  emits  a ftrong  fulphureous  odour,  and  burns 
with  a bluifh  flame.  It  then  becomes  a brownifh 
globule,  attraCtable  by  the  magnet,  and  by  a 
further  continuance  of  the  heat  pafles  into  a 
blackifh  flag. 

According  to  the  experiments  of  Mr.  Hatch- 
ett, h the  pyrites  with  fmooth  cubes  conlifts  of 
Sulphur  52.70 
Iron  - 47.30 


100.0 


Pyrites  with  ftriated  cubes  contains 
Sulphur  52.5 
Iron  - 47.5 


100.0 

and  dodecahedral  pyrites  contains 
Sulphur  52.15 
Iron  - 47-85 


100.00 


The  ftriated  cubes  and  dodecahedrons  fome- 
times contain  gold,  and  hence  are  named  auri- 
ferous pyrites. 

Common  pyrites  occurs  in  almoft  every  mine- 
ral formation,  and  almoft  every  fpecies  of  rock. 
It  abounds  in  granite,  and  particularly  in  primi- 
tive and  tranfition  argillaceous  fchiftus. 

It  is  never  wrought  as  an  ore  of  iron,  but  is 
largely  employed  in  the  manufacture  of  green 
vitriol,  and  fulphur  is  often  procured  from  it 
by  fublimation,  while  the  refidual  red  oxyd  is 
valuable  as  a coarfe  kind  of  paint. 

2.  Subjp.  Radiated  Pyrites.  Strahlkies.  Germ. 
Pyrite  rayotmee.  Broch. 

Its  colour  is  brafs-yellow,  but  paler  than  com- 
mon pyrites ; its  furface  is  generally  tarnifhed. 
It  occurs  in  mafs,  but  molt  ufually  in  particular 
forms,  fuch  as  kidney-fhaped,  tuberous,  globular, 
botryoidal,  fcaly,  ftalaCtitic,  &c.  Alfo  in  mi- 
nute cryftals  between  the  cube  and  oCtohedron. 
When  the  cryftals  are  very  much  flattened  and 
united  in  diverging  groups,  they  form  the  cock’s- 
comb  pyrites.  The  furface  of  the  cryftals  is 

xciv.  p.  315. 


4 c 2 


I R O 


I R O 


( 582  ) 


either  fmooth  or  drufy,  and  therefore  their 
external  luftre  is  fubjeft  to  correfponding  varia- 
tions. The  fradture  is  for  the  moft  part  di- 
vergingly  radiated  in  {tars  or  bundles,  with  fhort 
{trait  fibres.  It  fometimes  paffes  into  parallel- 
fibrous,  and  even  into  compadt.  Its  fragments 
are  wedge-fhaped.  It  occurs  in  coarie  and 
large  granular  diftindf  concretions,  alfo  in  thin 
curved  lamellar,  and  in  thin  columnar  diftindt 
concretions.  It  is  hard,  brittle,  and  very  eafily 
frangible.  Sp.  gr.  4.69  to  4.77. 

It  is  compofed  according  to  Hatchett  of 
Sulphur  53.6  — 54.34 

Iron  - 46.4  — 45.66 


100.  100. 


It  is  rarer  than  common  pyrites,  and  occurs 
principally  in  fmall  maffes,  and  in  veins  with 
ores  of  lead  or  filver.  In  Britain  it  occurs  in 
Cornwall,  the  Ille  of  Sheppy,  and  Derbyflrire. 
It  is  remarkably  fubjedl  to  decompofition  on 
expofure  to  the  air  and  moifture,  and  hence  is 
much  fought  after  by  the  manufacturers  of 
green  vitriol. 

3.  Subf.  Capillary  pyrites.  Haarkies.  Wern. 
Pyrite  Capillaire.  Broch. 

Its  colour  is  bronze  yellow,  palling  into  fteel- 
grey.  It  occurs  in  delicate  capillary  cryftals 
aggregated  into  divergent  bundles  or  promifcu- 
oufly.  In  other  particulars  it  agrees  with  the 
preceding,  of  which  it  is  little  elfe  than  a 
variety. 

It  is  the  leaft  frequently  met  with  of  any  of 
the  kinds  of  pyrites.  It  occurs  in  veins  with 
lead  and  filver  ores,  accompanied  by  quartz, 
calcareous  and  fiuor  fpars,  in  Saxony  and  the 
Hartz. 

4.  Subfp.  Cellular  pyrites.  Zell-kies , Wern. 

Its  colour  is  bronze  yellow  inclining  to  green- 

ifh  and  fteel-grey.  It  becomes  of  a grey  colour 
by  tarnifhing.  It  occurs  cellular  : its  fradlure 
is  even  and  flat  conchoidal  pafling  into  fine- 
grained uneven.  In  other  refpedls  it  refembles 
common  pyrites,  into  which  it  occafionally 
paffes.  It  is  the  leaft  fubjedl  to  decompofition 
of  the  whole  fpecies.  It  occurs  in  metallic 
veins  in  Saxony. 

5.  Subfp.  Liver  pyrites.  Leberkies , Wern. 
Pyrite  hepatique , Broch. 

Its  colour  is  intermediate  between  pale  brafs- 
yellow  and  fteel-grey ; its  external  furface  is 
ufually  brownifh  or  iridefcent.  It  occurs  in 
mafs,  diffeminated,  globular,  tuberous,  reniform, 
ftala£titic  and  cellular ; alfo  cryftallized  in  fix- 


fided  prifms  or  pyramids.  Internally  it  is  ufually 
glimmering,  with  a metallic  luftre.  Its  frafture 
is  even,  pafling  into  fine  granular  or  flat  con- 
choidal. It  occurs  in  diftimft  concretions.  It 
is  met  with  only  in  metallic  veins  and  is  very 
fubjedt  to  decompofition. 

Sp.  3.  Magnetical  Pyrites.  Magnetkies, 
Wern.  Pyrite  magnetique,  Broch. 

Its  colour  is  intermediate  between  brafs-yel- 
low  and  copper-red,  and  fometimes  inclines  to 
tombac  brown  : by  expofure  to  the  air  it  acquires 
a brownifh  tarnifli.  It  occurs  only  in  mafs  and 
diffeminated.  Internally  it  is  fliining  or  glif- 
tening,  with  a metallic  luftre.  Its  fradture  is 
fine  or  coarfe  grained  uneven,  fometimes  pafling 
into  imperfedt  conchoidal.  It  breaks  into  in- 
determinate blunt  edged  fragments.  It  affords 
a few  occafional  fparks  with  fteel ; is  brittle 
and  eafily  frangible.  Sp.  gr.  4.518. 

It  is  efpecially  diftinguifhable  from  the  pre- 
ceding fpecies  in  being  attracted  by  the  magnet 
and  giving  out  fulphuretted  hydrogen  by  digef- 
tion  in  muriatic  acid.  Its  component  parts, 
according  to  Mr.  Hatchett,  are 

Sulphur  - - 36.5 

Iron  - - - 63.5 


100. 


It  is  faid  to  be  found  only  in  beds  in  primitive 
mountains,  in  gneifs,  micaceous  fchiftus,  primi- 
tive greenftone  and  limeftone,  where  it  occurs 
with  common  martial  pyrites,  copper  pyrites, 
arfenical  pyrites,  galena,  blende,  magnetic  iron- 
ftone,  garnet,  hornblende,  and  adlynolite.  It  is 
met  with  in  Bohemia,  Bavaria,  and  Silefia,  alfo 
in  Norway,  and  has  recently  been  found  by 
Mr.  Greville  near  the  bafe  of  Moel  Elion  in 
Caernarvonfhire,  where  it  forms  a thick  vein  or 
more  properly  a bed,  as  Jamefon  conjedlures. 
Befides  the  above  localities  it  occurs  diffeminated 
in  tranfition  greenftone  a little  to  the  fouth  of 
Pont  Aberglaflyn  in  Caernarvonfliire ; and 
forming  a large  bed  with  black  calcareous  fpar 
in  tranfition  flate,  not  far  from  Trefriew  in  the 
vale  of  Conway,  in  the  fame  county.  At  this 
laft  place  it  is  procured  in  confiderable  quantity 
for  the  fulphur  which  it  yields  by  fublimation 
and  the  red  ochre  which  remains  after  the  repa- 
ration of  the  fulphur. 1 

Sp.  4.  Magnetical  Iron  Stone. 

Of  this  there  are  the  two  following  fubfpecies. 

1.  Subfp.  Common  Magnetic  Iron  ftone. 
Gemeiner  Magneteifenfie'm , W ern.  Per  magnet: quc 
cotnmun,  Broch. 
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Its  colour  is  iron-bluck,  often  fuperficially 
tarnifhed.  It  occurs  maffive,  difleminated  and 
crvftallized.  The  forms  of  its  cryftals  are, 

1.  The  o&ohedron. 

2.  The  garnet  dodecahedron. 

3.  A re&angular  four-fided  prifm,  terminated 
by  four-fided  pyramids. 

The  cryftals  are  ufually  either  imbedded  or 
accumulated  on  each  other,  and  are  fmall  and 
middle-fized.  The  internal  luftre  varies  be- 
tween bright-lhining  and  glimmering,  and  is 
metallic.  Its  fra&ure  is  generally  coarfe  or  line 
granular,  uneven ; fometimes  alfo  fmall  con- 
choidal  and  imperfe&ly  lamellar.  It  fome- 
times, though  rarely,  occurs  in  coarfely  granu- 
lar and  very  loofe  diftindl  concretions.  It  gives 
a brownilh  black  ftreak  and  is  conliderably  hard. 
The  cryftals  are  very  difficultly  frangible,  but 
the  granular  varieties  are  more  ealily  broken. 
Sp.  gr.  4.2  to  4.9. 

It  is  not  only  attra£lable  by  the  magnet,  but 
itfelf  poflefles  polarity,  hence  it  takes  up  iron 
filings.  Before  the  blowpipe  it  becomes  brown 
and  tinges  glafs  of  borax  of  a dark  green  colour. 
It  has  not  been  regularly  analyzed,  but  is  fup- 
pofed  to  be  nearly  a pure  oxyd  of  iron.  When 
fmelted  in  the  large  way  it  is  faid  to  yield  from 
80  to  90  per  cent,  of  metal,  but  this  is  mani- 
feftly  impoffible ; a more  probable  eftimate  is 
from  60  to  70  per  cent.  It  occurs  molt  fre- 
quently in  primitive  mountains  and  chiefly  in 
gneifs,  micaceous  fchiftus,  chlorite  flate,  and 
primitive  limeftone : alfo  in  ferpentine,  and  in 
the  floetz-trap  formation.  When  in  mafs  it 
forms  beds  and  fometimes  confiderable  rock- 
mafles.  It  is  ufually  accompanied  by  horn- 
blende, granular  limeftone,  and  garnet ; alfo, 
though  more  rarely,  by  amianth,  aftynolite, 
fluorfpar,  coccolite,  fahlite,  augite,  all  the  vari- 
eties of  pyrites,  blende,  tiuftone  and  galena. 

The  Mountain  Taberg  in  Swedifh  Lapland, 
and.  Pumachanche  in  Chili,  are  faid  to  confift 
almoft  entirely  of  this  mineral.  It  exifts  in 
great  abundance  and  purity  in  Roflagia  in  Swe- 
den, where  it  is  manufactured  into  the  belt  bar 
iron,  fo  much  fought  after  by  the  Engliffi  manu- 
facturers of  fteel.  It-  alfo  occurs  in  fufiicient 
plenty  to  be  fmelted  in  the  iflands  of  Corfica  and 
Elba;  Arendahl  in  Norway;  in  Saxony,  Bo- 
hemia, Silefia,  and  the  Hartz  in  Germany ; in 
many  places  among  the  Uralian  mountains  in 
Ruffia  ; and  in  Siam  in  the  Eaft  Indies. 

When  pure  it  affords  the  beft  bar  iron,  but 
only  middling  caft  iron : it  is  eafily  fufible  and 
requires  but  little  flux. 


2.  Sub/p.  Magnetic  iron  fand.  Eifenfatidy 
Wern.  Fer  magnetique  fabloneux , Broch. 

Its  colour  is  deep  iron  black.  It  occurs  in 
angular  and  roundiffi  grains  from  the  fmalleft 
dimenfions  to  the  magnitude  of  a hazel-nut ; 
alfo  in  oCtohedral  cryftals.  Both  the  grains  and 
cryftals  are  externally  fomewhat  rough  and 
glimmering.  Internally  it  exhibits  a bright- 
fhining  metallic  luftre.  Its  fraCfure  is  perfectly 
conchoidal  and  rarely  imperfectly  foliated.  Its 
fragments  are  indeterminate  and  fharp-edged. 
It  gives  a greyiffi-black  powder.  It  is  moderately 
hard,  brittle  and  eafily  frangible.  Sp.  gr.  4.6. 

It  is  powerfully  attracted  by  the  magnet,  but 
is  fcarcely  at  all  aCted  on  by  the  muriatic  or 
nitric  acids. 

It  feems  to  belong  almoft  entirely  to  the 
floetz-trap  formation,  and  is  found  imbedded  in 
bafalt  and  wakke  or  loofe  in  the  beds  of  rivers. 
It  does  not  often  occur  in  fufficient  abundance 
to  be  fmelted,  yet  it  is  employed  for  this  pur- 
pofe  in  the  Tyrol,  near  Naples,  and  in  Virginia, 
and  produces  about  60  per  cent,  of  excellent 
bar  iron. 

Sp.  5.  Specular  Iron  Ore.  Eifenglanzy 
Wern. 

Of  this  there  are  the  two  following  fubfpecies. 

Subf.  1.  Common  Specular  Iron  ore.  Ge~ 
meiner  Eifenglanz,  W ern.  Fer  fpcculaire  commun, 
Broch. 

Its  ufual  colour  is  deep  fteel-grey,  paffing 
fometimes  in  the  cryftallized  varieties  to  iron 
black,  and  in  the  maffive  varieties  to  brownifh 
red.  It  is  often  tarnifhed  externally,  and  then 
prefents  the  blue  and  yellow  tints  of  tempered 
fteel.  It  occurs  in  mafs,  difleminated  and  cryf- 
tallized. The  forms  of  its  cryftals  are, 

1.  A comprefled  hexahedron  compofed  of 
two  three-fided  pyramids  fet  bafe  to  bafe  with 
the  angles  of  the  one  correfponding  with  the 
fides  of  the  other. 

2.  The  fame,  with  the  angles  at  the  bafe  trun- 
cated. 

3.  The  cube  with  its  edges  replaced  by  nar- 
row planes. 

4.  A double  fix-fided  prifm  deeply  truncated. 

5.  A fix-fided  table : fometimes  feveral  of 
thefe  are  grouped  together  fo  as  to  form  cells. 

6.  A low  equiangular  fix-fided  prifm. 

7.  Lenticular. 

' The  planes  qf  the  cryftals  are  fometimes 
fmooth  and  fometimes  ftriated,  but  in  the  cube 
are  always  ftriated  diagonally.  Its  external 
luftre  is  generally  bright- firming  metallic.  Its 
fraCture  is  compact  or  foliated ; the  compaCt  is 
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granular  uneven  palling  into  imperfeifft  and  fmall 
conchoidal ; the  foliated  has  a fourfold  rectan- 
gular eleavage.  Its  fragments  are  ottohedral 
or  pyramidal,  fometimes  indeterminately  angu- 
lar. It  fometimes  though  rarely  prefents  gra- 
nular diftin£t  concretions,  alfo  imperfeftly 
wedge-Ihaped  and  more  frequently  thick  lamel- 
lar, either  ftrait  or  curved,  diftindi  concretions. 
The  colour  of  its  ftreak  is  cherry-red.  It  is 
hard,  brittle,  not  very  eafily  frangible.  Sp.  gr. 

4-7*  to  S-2-  

When  pulverized  it  is  Rightly  magnetic.  It 
is  infufible  per  fe,  before  the  blowpipe;  with 
borax  it  gives  a dirty  yellow  flag.  According  to 
Kirwan  it  confifts  of  iron  and  oxygen  in  the 
proportion  of  from  60  to  80  of  the  former  and 
from  2o  to  30  of  the  latter. 

It  occurs  in  beds  and  veins  in  primitive  and 
tranfition  mountains,  and  is  generally  accom- 
panied by  magnetic  iron-ftone  and  compaft  red 
iron-ftone,  iron  pyrites  and  quartz.  The  greater 
part  of  the  iron  ore  of  Elba  is  of  this  fpecies ; 
it  alfo  abounds  in  Sweden  and  Norway,  in  Bo- 
hemia, Saxony,  Silefia,  Switzerland,  France, 
Ruffia,  and  Siberia.  It  affords  an  excellent 
malleable  iron,  but  fomewhat  hard,  and  alfo  a 
good  but  not  the  very  beft  call  iron. 

2.  Subfp.  Micaceous  iron  ore.  Eivengli  miner, 
Wern.  Per  nUcacee , Broch. 

Its  colour  is  iron-black  pafling  into  fteel-grey; 
and  the  thin  plates  of  which  it  confifts  when 
held  between  the  eye  and  the  light  appear 
blood-red.  It  occurs  maftive,  difieminated,  or 
fuperficial,  or  cryftallized  in  thin  hexahedral 
tables,  which  fometimes  interfe£t  one  another 
fo  as  to  form  cells.  The  furface  of  the  cryftals 
is  fmooth  and  almoft  fpecular.  Internally  it  is 
more  or  lefs  finning,  with  a metallic  luftre.  Its 
fradlure  is  perfectly  foliated  ; the  lamellae  are 
curved  and  divifible  only  in  one  direction.  Its 
fragments  are  either  indeterminate  or  in  the  form 
of  plates.  When  in  mafs  it  occurs  in  thin  and 
curved  lamellar  or  granular  diftiinft  concretions. 
The  thin  plates  are  fometimes  faintly  tranflu- 
cent.  The  colour  of  its  ftreak  is  cherry  red.  It 
is  moderately  hard,  but  becomes  foft  in  propor- 
tion as  it  paltes  into  the  red  fcaly  iron  ore  ; it  is 
brittle  and  eafily  frangible.  Sp.  gr.  4.5  to  6.0. 

It  occurs  only  in  primitive  mountains,  but 
chiefly  abounds  in  the  molt  recent  of  thefe.  It 
lies  in  beds  and  veins  accompanied  by  red  and 
brown  iron-ftone  and  iron  pyrites. 

It  affords  on  analyfis  upwards  of  70  per  cent. 
of  iron.  In  the  great  way  it  is  found  to  melt 
more  eafily  than  the  preceding  l'ubfpecies,  pro- 
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vided  a fufircient  quantity  of  limeftone  is  added 
to  it  by  way  of  flux.  The  iron  that  it  affords 
is  fometimes  cold-fhort  but  is  well  fitted  for 
caft  ware. 

It  is  met  with  in  Norway,  Sweden,  various 
parts  of  Germany,  Dauphine  in  France,  Pied- 
mont and  the  ifland  of  Elba  in  Italy,  the  foreft 
of  Dartmoor  in  Devonfliire,  near  Dunkeld  in 
Perthfhire,  and  in  Mainland,  one  of  the  Shet- 
land iflands. 

Sp.  6.  Red  Ironstone.  Rotheifenjlein,  Wern. 

Of  this  there  are  four  fubfpecies. 

1.  Subfp.  Red  fcaly  iron  ore.  Rather  Eifen - 
rahm , Wern.  Eifenrahm  rouge , Broch. 

Its  proper  colour  is  cherry  red,  but  it  alfo 
palfes  into  blood-red,  brownifh-red,  fteel-grey 
and  iron-black.  It  occurs  fometimes  in  mafs, 
but  more  frequently  as  a fuperficial  covering  to 
other  ores  of  iron.  It  is  gliftening,  with  a femi- 
metallic  luftre.  It  is  compofed  of  friable  fcaly 
particles  more  or  lefs  cohering  together.  It 
ftains  the  fingers,  is  undluous  to  the  touch,  and 
moderately  heavy. 

When  expofed  to  the  blowpipe  without  ad- 
dition it  blackens  but  does  not  melt.  It  com- 
municates to  glafs  of  borax  an  olive  green 
colour. 

Its  component  parts,  according  to  Mr.  W. 
Henry  k,  are 


Iron 

- 66. 

Oxygen 

- 28.5 

Silex 

- 4.25 

Alumine 

- 1.25 

100.00 

It  occurs  ufually  in  veins  in  primitive  moun- 
tains, alfo  in  tranfition  mountains.  It  is  com- 
monly accompanied  by  the  other  fubfpecies  of 
red  ironftone  and  fpathofe  iron.  It  paffes  into 
micaceous  iron  ore. 

it  is  found  at  Ulverftone  and  other  places  in 
the  North  of  Lancafliire.  At  Sahl  in  the  Dutchy 
of  Henneberg  it  is  fmelted  and  produces  very 
good  iron. 

2.  Subfp.  Red  Ochre.  Ochricher  Rotkefen- 
Jie'in , Wern.  Ochre  Jc  Per  rouge,  Broch. 

Its  colour  is  blood-red  pafling  into  brownifli 
red.  It  is  found  in  mafs,  difieminated  and  fu- 
perficial. It  has  little  or  no  luftre.  Its  fra£iure 
is  earthy.  It  ftains  the  fingers;  is  ufually  fri- 
able and  very  tender,  but  in  iome  varieties  pnfles 
into  folid : to  the  touch  it  is  fmooth  and  fome- 
what meagre.  Sp.  gr.  2.95. 

It  is  found  accompanying  the  other  fubfpecies 
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of  red  iron-ftone,  but  rarely  In  any  confiderable 
quantity.  It  is  fmelted  in  the  Irrgange  near 
Platte  in  Bohemia,  is  very  fufible,  and  affords 
excellent  malleable  iron. 

3.  Subfp.  Compact  red  Iron-ftone.  Dichter 
Rotheifen/Icin,  Wern.  Mine  de  Fer  rouge  com- 
pare, Broch. 

Its  colour  is  intermediate  between  brownifh 
red  and  dark  fteel-grey,  it  paffes  fometimes  to 
blood-red.  It  occurs  in  mafs  or  diffeminated, 
or  in  particular  fhapes,  fuch  as  globular  reni- 
form,  fpecular,  cellular,  in  pfeudomorphous 
pyramidal  cryftals  or  rarely  in  real  cubic  cryftals 
either  folitary  or  in  groups.  The  furface  of 
the  true  cryftals  is  fmooth,  of  the  others  rough. 
The  external  luftre  is  fubjedt  to  feveral  vari- 
ations: internally  it  is  rarely  more  than  glim- 
mering, femi-metallic.  Its  fradture  is  commonly 
even,  whence  it  occafionally  paffes  into  coarfe 
grained  uneven  and  large  conchoidal:  fometimes 
alfo  it  is  found  flaty.  Its  fragments  are  indeter- 
minate blunt-edged.  It  exhibits  rarely  teftaceous 
or  prifmatic  diftinft  concretions.  It  is  com- 
monly of  moderate  hardnefs  and  eafily  frangible. 
It  gives  a blood-red  ftreak  and  is  apt  to  ftain 
the  fingers.  Sp.  gr.  3.42  to  3.76. 

It  acquires  a dark  tinge  before  the  blowpipe 
but  is  infufible  either  by  itfelf  or  with  borax,  to 
which  however  it  gives  an  olive-green  colour. 
Its  conftituent  parts,  according  to  Lampadius, 


are  Oxyd  of  iron  - - 65.4 

Silex  -----  20.7 

Alumine  - - - - 9.3 

Oxyd  of  manganefe  2.7 


98.1 

It  occurs  in  beds  and  veins  ufually  with  red 
haematite  and  red  ochre,  alfo  with  quartz,  horn- 
ftone  and  red  jafper.  It  is  met  with  in  various 
parts  of  Germany  (the  cryftallized  varieties  come 
from  Oberhals  in  Bohemia)  in  Norway,  Siberia 
and  in  confiderable  quantities  in  Lancafhire.  It 
affords  good  caft  iron,  and  pretty  malleable 
though  fomewhat  foft  bar  iron. 

4.  Subfp.  Red  Haematite.  Roiher  Glafkopf 
Wern.  Hematite  rouge , Broch. 

Its  colour  is  intermediate  between  brownifh 
red  and  fteel-grey,  fometimes  it  paffes  into 
blood-red  and  bluifh-grey.  It  occurs  in  mafs, 
alfo  of  particular  fhapes,  fuch  as  reniform,  bo- 
tryoidal,  ftala&itical  and  globular.  Its  external 
luftre  is  cafual  ; internally,  it  is  ufually  gliften- 
ing,  with  a femi-metallic  luftre.  Its  fraHure  is 
ftrait  fibrous  either  delicate  or  coarfe ; parallel, 
radiating  or  in  bundles.  Its  fragments  are 


wedgefhaped,  fometimes.  in  the  coarfe  fibrous 
variety,  fplintery.  It  occurs  almoft  always  in 
diftincd  concretions  either  large  or  fmall  granu- 
lar or  curved  lamellar.  It  gives  a blood-red 
ftreak  ; is  hard,  brittle,  and  generally  ftains  the 
fingers.  Sp.  gr.  4.84  to  5.0. 

It  has  not  yet  been  analyfed  with  any  accu- 
racy, but  from  the  refults  in  the  large  way  it 
contains  about  60  per  cent,  of  iron,  and  is  the 
richeft  of  the  whole  fpecies.  It  occurs  in  the 
fame  fituations  with  the  preceding  fubfpecies 
in  veins,  beds  and  rock  maffes  in  primitive  tran- 
fition  and  floetz  mountains.  It  affords  excellent 
iron  both  caft  and  malleable  : molt  of  the  plate- 
iron  and  iron  wire  of  England  is  made  from  it. 
When  ground  to  a fine  powder  it  is  largely 
employed  as  a polifhing  material  by  moft  work- 
ers in  metal. 

It  is  particular  abundant  in  Lancafhire,  in  the 
Foreft  of  Dean  in  Gloucefterfliire,  in  Devon- 
fhire  and  in  Saxony,  but  is  fcarcely  at  all  to  be 
met  with  in  Norway,  Sweden,  Poland,  Hun- 
gary and  Ruflia. 

Sp.  7.  Brown  Ironstone.  Braun  Eifen- 
Jlein,  Wern. 

This  like  the  former  is  to  be  divided  into  four 
fubfpecies. 

1.  Subfp.  Brown  fcaly  iron  ore.  Brainier 
Eifenrahm , Wern.  Eifenrahm  brtin,  Broch. 

Its  colour  is  intermediate  between  fteel-grey 
and  clove-brown.  It  occurs  feldom  in  mafs, 
diffeminated  or  globular,  but  more  frequently 
fuperficial  and  frothy,  fometimes  alfo  irregularly 
dendritical.  It  has  a confiderable  metallic  luf- 
tre. Its  fra&ure  is  fmall  lamellar  paffmg  into 
compact.  It  is  very  foft  and  almoft  friable; 
ftains  the  fingers,  is  fomewhat  unftuous  to  the 
touch ; is  light  fo  as  fometimes  to  float  on 
water. 

It  blackens  before  the  blowpipe  but  does  not 
melt,  it  tinges  glafs  of  borax  of  a yellowifh- 
green  colour.  It  has  not  been  analyfed. 

It  occurs  lining  cavities  in  brown  haematite. 

2.  Subfp.  Brown  Iron  ochre.  Or k richer 

Braunefenjlein,  Wern.  Ocre  de  fer  brune , Broch. 

Its  colour  is  light  yellowifh  brown,  inclining 
to  ochre-yellow  and  clove-brown.  It  occurs  in 
mafs  and  diffeminated.  It  is  defeitute  of  luftre  ; 
has  an  earthy  fra&ure ; its  fragments  are  in- 
determinate blunt  edged.  It  is  tender,  paffmg 
into  friable  ; foils  the  fingers,  and  is  heavy. 

It  has  not  been  analyfed.  It  becomes  black 
by  ignition,  whence  it  is  diftinguifhed  from  yel- 
low earth  which  burns  red.  It  accompanies 
brown  haematite. 

3.  Subfp.  Compact  brown  Xror.ftone.  Dichter 
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-Brauneifenjlein,  "Wern.  Mine  de  fer  brune  com - 
pa£le,  Broch. 

Its  colour  is  clove-brown.  It  occurs  maflive 
and  diffeminated,  alfo  of  particular  lhapes,  fuch 
as  cylindrical,  ftaladlitic,  reniform,  cellular,  with 
pyramidal  impreffions  and  rarely  in  pfeudomor- 
phous  cubes,  rhombs,  and  lenfes.  It  alfo  forms 
the  fub Stance  of  feveral  petrefaclions,  efpecially 
of  madreporites,  corallites  and  fungites.  Inter- 
nally it  is  dull  or  faintly  glimmering.  Its  frac- 
ture is  ufually  even,  fometimes  large  and  flat 
conchoidal,  alfo  fine  grained  uneven,  and  earthy. 
Its  fragments  are  indeterminate  blunt  edged. 
Its  {freak  is  y el iowifh -brown  palling  into  ochre- 
yellow.  It  is  moderately  hard,  and  eafily  frangi- 
ble. Sp.  gr.  3.5  to  3.75. 

Before,  the  blowpipe  it  becomes  black  and 
.magnetic.  It  accompanies  brown  haematite. 

4.  Subfp.  Brown  Haematite.  Brauner  Glaf- 
kopfy  Wern.  Hematite  brunet  Broch. 

The  colour  of  the  recent  fradlure  is  clove 
brown  palling  into  Iteel-grey,  blackilh  brown 
and  brownilh-black,  or  rarely  into  yellowilh 
brown  and  ochre  yellow.  The  external  furface 
tarniihes  to  black,  bluifh- black,  tombac  brown, 
bronze  and  gold-yellow:  it  alfo  often  prefents 
bright  iridefcent  metallic  colours.  It  occurs 
fometimes  in  mal's,  but  more  commonly  ftalac- 
titic,  coralliform,  botryoidal,  reniform,  tuberous, 
cylindric,  cellular,  dendritic,  and  in  pfeudomor- 
phous  fix- Tided  pyramids.  Its  furface  is  fmooth 
or  granular,  rarely  drufy,  and  is  Ihining.  Inter- 
nally it  is  only  gliltening  with  a luftre  between 
pearly  and  relinous.  The  fradlure  of  the  clove- 
brown  varieties  is  long  and  delicately  fibrous; 
of  thofe  that  incline  to  blue,  Ihort  and  coarfe 
fibrous ; of  the  black,  very  delicately  fibrous 
palling  into  conchoidal ; of  the  blackilh  brown, 
radiated ; the  fibres  are  generally  more  or  lefs 
diverging.  The  fragments  are  fplintery  or 
wedgelhaped,  fometimes  indeterminately  angu- 
lar. It  occurs  in  lamellar  and  granular  diftindl 
concretions,  fometimes  each  concretion  is  gra- 
nular externally  and  lamellar  in  its  crofs-fradture. 
It  is  commonly  opake  ; the  brownilh  black  is 
llightly  tranflucent  on  the  edges.  Its  llreak  is 
yellowilh-brown  ; it  is  moderately  hard,  brittle, 
and  eafily  frangible.  Sp.  gr.  3.95. 

It  blackens  before  the  blowpipe  and  gives  an 
olive-green  colour  to  borax.  It  has  not  been 
analyfed ; but  in  the  fmelting  furnace  affords 
from  40  to  60  per  cent,  of  iron. 

Brown  ironltone  occurs  in  the  newer  of  the 
primitive  mountains,  but  more  frequently  in 
tranfition  and  floetz  mountains : it  is  found  in 


veins,  beds  and  rock  rnaffi  s,  and  i : ' ^ \ 

by  black  ironltone,  fpati  -.fr  , >.T  r hr  n 

fpar,  calcareous  and  heavy  fpars.  It  pad  s on 
one  hand  into  red  ironltone  and  on.  the  other 
into  fpathofe  ironltone. 

It  melts  eafily  and  for  the  molt  p:rt  without 
a flux ; when  one  is  required  argillaceous  fchif- 
tus  is  generally  made  ufe  of.  the  calt  iron 
which  it  affords  is  not  equal  to  that  from  red 
ironltone  ; but  the  bar  iron  is  both  very  mal- 
leable and  hard,  probably  from  the  manganefe 
which  it  contains  : hence  it  yields  excellent 
Iteel.  It  occurs  in  great  abundance  in  Saxony, 
Bohemia  and  other  parts  of  Germany,  alfo  in 
Tyrol,  Carinthia,  Stiria, Piedmont,  and  the  South 
of  France.  It  is  fcarcely  at  all  to  be  met  with 
in  Norway,  Sweden  or  Rulfia ; it  is  found  in 
Cornwall,  and  occafionally  in  other  parts  of 
Britain,  but  not  in  fufficient  abundance  to  be 
wrought. 

Sp.  8.  Spathose  Ironstone.  Spatheifeti~ 
Jleitiy  Wern.  Fer  fpathique,  Broch. 

Its  colour  is  greyilh  yellow,  paffing  into  Ifa- 
bella  yellow  and  greenilh-grey ; it  is  alfo  found 
hair  and  clove-brown  and  brownilh-black.  It 
occurs  in  mafs,  difleminated,  with  pyramidal 
impreffions  and  very  often  cryltallized.  The 
forms  of  its  cryftals  are  the  following. 

1.  A perfect  rhomboid  with  plane  or  convex 
faces. 

2.  The  fame,  with  the  obtufe  angles  deeply 
truncated. 

3.  The  lens,  either  regular  or  turned  up  at 
the  edges  in  form  of  a faddle. 

4.  An  odlohedron  with  plane  or  convex  faces 
and  fometimes  truncated  on  the  angles. 

The  cryftals  are  ufually  middlefized  or  fmall. 
The  furface  of  the  odlohedron  is  fmooth  and 
fpecular ; of  the  other  cryftals  drufy  and  rough. 
Internally  it  is  more  or  lefs  Ihining  with  a luftre 
between  pearly  and  vitreous.  Its  fradlure  is 
foliated,  with  ftraight  or  curved  lamellae : it  is 
divifible  in  three  diredtions  crofting  each  other 
obliquely.  Its  fragments  are  rhomboidal.  It 
generally  prefents  granular  diltindl  concretions. 
The  light  coloured  varieties  are  tranflucent  either 
entirely  or  at  leaft  at  the  edges,  thofe  of  a deep 
colour  are  opake ; the  former  give  a greyifti- 
white  llreak,  the  latter  a yellowilh-brown  one. 
It  is  harder  than  calcareous  fpar,  and  eafily 
frangible.  Sp.  gr.  3.6  to  3.8. 

Before  the  blowpipe  it  becomes  black  and 
magnetic  but  does  not  melt ; with  borax  it  forms 
a fpungy  dirty  yellow  mafs  : it  effervefees  llowly 
with  acids.  Specimens  from  Sweden  and  Stiria 
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have  been  analyfed  by  Bergman  1 with  the  fol- 


lowing refults. 

Stirian.  Swedifh. 
Oxyd  of  iron  - - 38  — 22 
Oxyd  of  manganefe  24  — 28 

Carbonat  of  lime  - 38  — 50 


100  100 


100  parts  of  the  Stirian  afforded  by  fufion 
with  borax  in  a lined  crucible  42  parts  of  a 
fi] very  white  regulus. 

It  occurs  in  veins  in  primitive  mountains 
accompanying  lead,  filver,  and  copper  ores.  In 
floetz  mountains  it  forms  beds,  and  is  accom- 
panied by  brown  iron  ore,  brown  fpar,  and  cal- 
careous lpar. 

It  is  found  in  fmall  quantities  in  Britain  and 
the  North  of  Europe,  and  is  fufficiently  abun- 
dant to  be  manufactured  chiefly  in  the  following 
places.  At  Schmalkalden  in  Hefle  is  a bed  of 
the  black  variety  25  fathoms  thick,  which  has 
been  worked  for  feveral  centuries.  In  Weft- 
phalia  the  light  coloured  is  prodigioufly  abun- 
dant. At  Eifenerz  in  Stiria,  Hiittenberg  in 
Carinthia,  Jauberling  in  Carniola,  and  Schwatz 
in  the  Tyrol,  are  large  founderies  fupplied  by 
this  ore.  At  Somororftro  in  Bifcay  is  an  entire 
hill  compofed  of  this  fpecies. 

The  iron  obtained  from  this  ore  is  particularly 
valuable,  as  it  may  be  converted  into  excellent 
fteel  immediately  from  the  ftate  of  call  iron : 
the  bar  iron  formed  from  it  is  both  hard  and 
tough. 

Sp.  9.  Black  Ironstone.  Schwarz  Eifcn- 
Jiein , Wern.  Mine  de  Fer  noire,  Broch. 

Of  this  there  are  two  fubfpecies. 

1.  Subjp.  CompaCt  black  ironftone.  Dichter 
Schwarzeifenjlein,  Wern. 

Its  colour  is  between  bluifli-black  and  fteel- 
grey.  It  occurs  in  mafs,  tuberous,  reniform, 
botryoidal,  &c.  Its  internal  luftre  is  glimmer- 
ing, femimetallic.  Its  fraCture  is  conchoidal 
pafling  into  fine-grained  uneven.  Its  fragments 
are  indeterminately  angular.  It  forms  thin  and 
concentric  curved  lamellar  concretions.  It  is 
moderately  hard,  brittle,  and  eafily  frangible. 
Sp.gr.  4-°7*. 

It  occurs  in  primitive  and  floetz  mountains 
accompanied  by  brown  ironftone,  fpathofe  iron- 
ftone  and  quartz.  It  is  a rare  mineral  and 
appears  to  have  been  found  only  in  Saxony,  the 
Upper  Palatinate,  Heflia  and  fome  other  parts 
of  Germany. 

It  is  eafily  fufible  and  yields  a good  iron,  but 


corrodes  the  fides  of  the  furnace.  It  was  long 
confounded  with  the  compaCt  grey  manganefe. 

2.  Subjp.  Black Hsematite.  Schwarzer  Glajkopf, 
Wern. 

This  differs  from  the  preceding  in  the  follow- 
ing particulars.  Its  colour  inclines  more  to  a 
fteel-grey.  Its  fraCture  is  very  delicately  fibrous 
pafling  into  even : the  fibres  are  either  curved 
or  ftrait,  bundled  or  diverging  round  a centre. 
The  fragments  are  wedge-fhaped.  It  occurs  in 
coarfe  - grained  diftinCt  concretions.  It  has 
hitherto  been  found  only  at  Schmalka'lden  in 
Heflia. 

Sp.  10.  Argillaceous  Ironstone.  Tho- 
neifenjlein,  Wern. 

In  this  are  comprehended  the  feven  following 
fubfpecies. 

1.  Subjp.  Reddle  or  Red  chalk.  Roethel , 
W ern.  Crayon  rouge,  Broch. 

Its  colour  is  light-brownifh  red  pafling  into 
cherry  red.  It  occurs  only  in  mafs.  Its  prin- 
cipal fraCture  is  fine-flaty  and  glimmering ; it* 
crofs  fraCture  is  .fine  earthy  and  dull.  Its  frag- 
ments are  commonly  tabular,  alfo  fplintery  or 
indeterminate.  The  colour  of  its  ftreak  is 
fimilar  to  that  of  the  mineral  in  mafs,  but  is 
fomewhat  lighter  and  more  flaming.  It  foils 
the  fingers,  and  may  be  ufed  to  write  with.  It 
may  readily  be  cut  with  a knife,  is  eafily  frangi- 
ble, adheres  ftrongly  to  the  tongue,  is  foft  but 
meagre  to  the  feel.  Sp.  gr.  3.1  to  3.9. 

When  expofed  to  a red  heat  it  decrepitates 
and  becomes  black  : at  a high  heat  it  melts  into 
a greenifh-grey  frothy  enamel. 

It  occurs  generally  in  the  newer  argillite, 
forming  entire  beds  or  large  imbedded  mafles. 

In  Silefia  it  i6  faid  to  be  found  in  compaCt 
limeftone. 

It  is  found  in  various  parts  of  Germany,  but 
is  principally  wrought  at  Thalitter  in  Heflia.  It 
is  never  fmelted  for  the  iron  that  it  contains, 
but  is  largely  ufed  for  drawing  and  marking : 
the  coarfer  varieties  are  employed  by  the  car- 
penter and  the  finer  by  the  painter.  What  are 
vulgarly  called  Red-lead  pencils  are  compofed  of 
thin  flips  of  the  finer  kinds  of  reddle  inclofed  in 
a wooden  cafe. 

2.  Subfp.  Columnar  argillaceous  Ironftone. 
Stanglicher  Thoneifenjlein , Wern.  Fer  argilleux 
fcapjforme,  Broch. 

Its  colour  varies  between  liver-brown  and 
cherry-red.  It  occurs  in  mafs  and  in  globular 
and  angular  pieces.  It  is  dull,  and  has  a fine 
earthy  fraCture.  It  forms,  columnar  diftinCt 
concretions  either  thick  or.  thin,  ftrait  or  curved, 
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parallel  or  diverging,  fometimes  they  are  articu- 
lated. The  furface  of  the  concretions  is  rough 
and  dull.  Its  ftreak  is  blood-red  or  yellowifh 
brown.  It  is  foft,  brittle,  very  eafily  frangible ; 
adheres  to  the  tongue,  is  meagre  and  fomewhat 
rough  to  the  touch,  and  moderately  heavy. 

It  blackens  before  the  blowpipe,  effervefces 
with  borax,  and  communicates  to  it  an  olive- 
green  colour. 

It  is  found  in  beds  of  {hale,  and  feems  in 
many  cafes  to  be  a pfeudo-volcanic  product, 
being  accompanied  by  porcellanite  and  burnt  clay. 

It  occurs  in  the  Upper  Palatinate,  in  Bohemia 
and  other  parts  of  Germany,  and  has  been  found 
by  Jamefon  in  the  Ifle  of  Arran.  It  is  by  no 
means  a common  mineral,  and  is  fcarcely  ever 
employed  as  an  ore  of  iron. 

3.  Subfp.  Lenticular  argillaceous  Ironftone. 
Linzenformiger  Thoneifetflein,  Wer.  Fer  argil- 
leux  lenticulaire , Broch. 

Its  colour  is  reddifh  or  yellowifh -brown, 
brownifh-red,  and  greyifh-black.  It  occurs  in 
mafs.  Its  luftre  is  gliftening,  ftrongly  femi- 
metallic.  Its  fraGure  is  uneven  palling  into 
thin  flaty.  Its  fragments  are  indeterminately 
angular  blunt-edged.  It  occurs  in  fmall  and 
round  granular  or  in  comprelTed  lenticular  dif- 
tinft  concretions ; thefe  lafl  are  confidered  by 
many  authors  as  adfual  petrefa&dons.  It  gives 
a flightly-lhining  ftreak,  not  materially  differing 
in  colour  from  the  entire  mineral.  It  is  foft, 
brittle  and  eafily  frangible.  The  black  variety 
is  often  magnetical. 

According  to  Lampadius  it  confifts  of 
Oxyd  of  iron  - - 64. 

Alumine  - - - - 23. 

Silex  -----  7.5 

Water  - - - - 3. 


99-5 

The  red  variety,  which  is  commonly  in  len- 
ticular diftindt  concretions,  occurs  in  rock  maf- 
fes  in  tranfition  mountains.  The  brown  and 
black  varieties,  which  are  in  granular  diftindt 
concretions  occur  in  beds  between  the  varie- 
gated fandftone  and  the  molt  recent  fhell-lime- 
ftone. 

The  red  and  brown  varieties  abound  in  va- 
rious part  of  the  European  continent,  the  black 
has  hitherto  been  only  found  in  the  canton  of 
Berne. 

The  red  affords  excellent  caft  iron,  the  brown 
affords  both  bar  and  caff;  iron  of  a good  quality; 
the  black  gives  a large  quantity  of  iron,  but  of 
a bad  quality,  and  is  difficult  of  reduction. 


4.  Sub/p.  Jafpery  argillaceous  Ironftone.  Jaf- 
pifar tiger  ThoneifenJlein>  Wern. 

Its  colour  is  brownifh-red.  It  occurs  in  mafs; 
it  is  internally  feebly  glimmering.  Its  fradlure 
is  flat-conchoidal  paffmg  into  even.  Its  frag- 
ments approach  more  or  lefs  to  the  cubical  form . 
It  is  moderately  hard,  brittle  and  eafily  frangi- 
ble. The  fhape  of  its  fragments,  and  the  gene- 
ral refemblance  of  its  external  appearance  to 
common  jafper,  diftinguifh  it  from  the  other 
fubfpecies. 

It  occurs  between  Vienna  and  Hungary  in  a 
large  bed. 

5.  Subfp.  Common  argillaceous  Ironftone. 
Getneiner  ThotreifenJleiny  Wern.  Fer  argilleux 
commune , Broch. 

Its  ufual  colour  is  yellowifh  or  bluifh-grey, 
or  fteel-grey;  frequently  alfo  yellowifh  or  red- 
difh brown ; thefe  colours  alter  much  by  ex- 
pofure  to  the  air  and  become  in  general  deeper, 
nor  does  this  change  take  place  at  the  furface 
alone  but  penetrates  frequently  through  the 
whole  mafs.  It  occurs  in  mafs  or  diffeminated, 
fometimes  alfo  cellular,  and  containing  impref- 
fions  of  {hells  and  vegetables.  Internally  it  is 
dull.  Its  fra£ture  is  commonly  earthy,  forne- 
times  fine-grained  uneven,  or  flat-conchoidal,  or 
flaty.  Its  fragments  are  indeterminate.  It  has 
for  the  moft  part  only  a very  moderate  degree 
of  hardnefs.  It  is  brittle ; eafily  frangible ; 
adheres  a little  to  the  tongue ; is  meagre  to  the 
feel.  Sp.  gr.  2.93  to  3.47. 

It  blackens  before  the  blowpipe,  and  gives 
with  borax  a blackifh-green  glafs. 

It  appears  to  confift  effentially  of  oxyd  of 
iron,  alumine  and  a little  filex ; there  is  alfo  a 
fmall  variable  proportion  of  pyrites  difperfed 
through  it.  The  amount  of  iron  which  it  yields 
in  the  large  way  varies  between  30  and  40  per 
cent. 

It  occurs  in  beds  in  floetz  mountains ; efpe- 
cially  in  the  independent  coal-formation  and  the 
neweft  floetz-trap.  The  large  eftablifhments 
at  Carron  in  Scotland,  Coalbrookdale  in  England, 
Merthyr  Tydvil  in  South  Wales,  &c.  are  prin- 
cipally fupplied  by  this  ore. 

It  bears  a confiderable  refemblance  to  com- 
pact limeftone  and  indurated  clay,  but  is  dif- 
tinguifhed  from  them  by  its  fuperior  fpecific 
gravity  and  perfedl  opacity. 

6.  Subfp.  Nodular  Ironftone.  Lapis  Etites. 
Efenniire , Wern.  Fer  reniforme , Broch. 

Its  colour  is  yellowifh-brown  of  various  de- 
grees of  intenfity : internally  the  colour  is 

lighter  and  it  often  inclofes  an  ochre-yellow 
kernel.  It  occurs  in  roundifh  maffes  from  the 
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fize  of  a walnut  to  that  of  a man’s  head.  Its 
fradture  is  even  towards  the  furface  and  fine- 
earthy  towards  the  centre.  The  external  layers 
are  femi-metallic  and  glimmering,  but  towards 
the  centre  it  is  dull.  The  fragments  are  inde- 
terminate. It  occurs  in  lamellar  concentric 
diftin£l  concretions,  often  inclofing  a loofe  ker- 
nel. The  exterior  layers  are  foft,  the  internal 
are  very  foft,  almoft  friable.  It  is  brittle,  eafily 
frangible,  adheres  to  the  tongue.  Sp.  gr.  2.57. 

It  occurs  imbedded  in  ferruginous  clay  in  the 
moll  recent  floetz  mountains,  alfo  in  the  floetz- 
trap  and  coal  formations.  It  yields  an  iron  of 
fine  quality  and  is  largely  manufa£tured  both 
in  England  and  Scotland,  efpecially  at  the  places 
mentioned  under  the  lalt  fubfpecies. 

7.  Subfp.  Pea  fhaped,  or  Pifiform,  Ironftone. 
Bohnerz,  Wern.  Fer  Pijtfonne,  Broch. 

Its  external  colour  is  accidental  and  is  yel- 
lowilh,  reddilh  or  greyilh  : internally  it  is  yel- 
lowilh-brown  palling  into  blackifh  brown.  It 
occurs  in  fmall  round  grains,  fometimes  fpheri- 
cal,  fometimes  {lightly  comprefied.  Its  furface 
is  rough  and  dull : internally  it  is  dull  at  the 
centre,  but  acquires  gradually  a gliftening  refi- 
nous  luftre  in  proportion  to  the  diftance  from 
the  centre.  Its  fradlure  is  fine-earthy  at  the 
centre,  but  even  towards  the  furface.  It  occurs 
in  thin  concentric  lamellar  diftindt  concretions ; 
gives  a yellowifh-brown  ftreak,  is  foft,  not  very 
brittle,  but  eafily  frangible. 

According  to  an  analyfis  by  Vauquelin,  it 
contains  Iron  - - - 30 
Oxygen  - - 18 

Alumine  - - 31 

Silex  - - - 15 

Water  - - - 6 


xoo 

It  occurs  in  cavities  in  fecondary  floetz  lime- 
ftone,  the  grains  being  concreted  together  by 
calcareous  ftaladlite : it  alfo  occurs  in  beds  of 
clay,  and  in  flat  beds  immediately  beneath  the 
furface. 

It  occurs  in  various  parts  of  Germany,  Swit- 
zerland, France,  and  Dalmatia. 

Its  produce  of  metal  varies  from  30  to  40 
per  cent,  it  fupplies  very  confiderable  ironworks 
at  Arau  near  Berne,  and  the  greater  part  of  the 
French  iron  is  faid  by  Brochant  to  be  produced 
from  this  ore. 

Sp.  11.  Bog  Iron-ore.  Rafen  Eifenjiein , 
Wem.  Mine  de  Fer  de  gazcn,  Broch. 

Of  this  there  are  the  three  following  fub- 
fpecies. ' 


1.  Subfp.  Morafs  ore.  Morajlerzy  Wern. 
Mine  des  Marais , Broch . 

Its  colour  is  yellowifh-brown.  It  occurs 
fometimes  in  the  flate  of  friable  earthy  particles, 
fometimes  in  mafs,  or  tuberous  or  carious.  It 
is  dull  both  externally  and  internally  : its  frac- 
ture is  earthy : it  ftains  the  fingers,  is  fine- 
grained but  meagre  to  the  feel ; and  moderately 
heavy. 

2.  Subfp.  Swamp  ore.  Sumpferz,  Wern. 
Mines  des  Lieux  botirbeux,  Broch. 

Its  colour  is  dark  yellowifh-brown,  palling 
into  dark  yellowifh-grey.  It  occurs  in  amor- 
phous mafles,  alfo  tubercular  and  carious.  In- 
ternally it  is  dull,  but  the  darker  varieties  are 
glimmering.  Its  fra&ure  is  earthy,  palling  into 
fine-grained  uneven.  It  gives  a clear  yellowifh- 
brown  ftreak ; is  very  foft,  brittle,  and  eafily 
frangible.  Sp.  gr.  2.94. 

3.  Subfp.  Meadow  ore.  Wiefcnerz,  Wern. 
Mine  des  prairies , Broch. 

Its  colour  is  internally  between  blackifh  and 
yellowifh  - brown ; in  the  clefts  it  exhibits  a 
bluifh-black  and  fleel-grey  tinge.  It  occurs 
maflive,  in  rounded  lumps,  perforated,  and  tube- 
rous. It  is  internally  fhining  or  gliftening,  with 
a refinous  luftre.  Its  fradlure  is  minute  con- 
choidal  or  earthy,  or  even,  or  fine-grained  un- 
even. It  gives  a yellowifh-brown  ftreak;  is 
foft,  brittle,  and  eafily  frangible. 

All  the  preceding  fubfpecies  belong  to  the 
fame  formation  and  appear  to  be  the  moft  recent 
of  any  of  the  ores  of  iron.  They  are  probably 
formed  by  depofition  from  water  which  has  be- 
come charged  with  iron  by  means  either  of 
carbonic  acid  or  the  vegetable  acid  that  is  gene- 
rated in  mofles  and  marfhes.  The  meadow  ore 
is  the  oldeft  and  the  morafs  ore  the  neweft. 

It  occurs  in  Britain  and  various  other  parts  of 
the  North  and  Eaft  of  Europe.  It  yields  from 
30  to  36  per  cent,  of  iron,  well  fitted  for  the 
fineft  kinds  of  caft  ware.  For  wire  or  plate 
iron  it  is  not  qualified,  on  account  of  its  being 
more  or  lefs  cold-fhort,  which  is  fuppofed  to 
arife  from  a mixture  of  phofphoric  acid.  The 
ufual  flux  employed  in  fmelt'ing  it  is  limeftone  ; 
it  is  alfo  often  mixed  with  red  or  brown  ochre 
or  htematite,  by  which  the  fufion  of  each  is 
facilitated,  and  the  produce  improved  both  in 
quantity  and  quality. 

Sp.  12.  Blue  Martial  Earth.  Blaue 
Eifenerde,  Wern.  Fer  terreux  bleu , Broch. 

Its  colour  when  recently  dug  is  faid  to  be 
white,  but  it  afterwards  acquires  an  indigo-blue 
or  fmalt-blue,  or  various  degrees  of  intenfity. 
It  occurs  in  mafs,  difleminated  or  invefting,  but 
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always  in  dull  pulverulent  particles,  more  or 
lefs  cohering.  It  ftains  the  fingers,  is  meagre 
to  the  touch,  and  moderately  heavy. 

Before  the  blowpipe  it  becomes  of  a reddifh- 
brown  and  then  melts  into  a black  fhining  glo- 
bule, attra&able  by  the  magnet.  It  tinges  glafs 
of  borax  brown,  which  at  length  becomes  dark 
yellow.  It  is  readily  foluble  in  acids. 

It  has  been  fuppofed  by  fome  to  be  native 
Pruffian  blue,  and  by  others  to  contain  phof- 
phoric  acid,  but  its  analyfis  by  Vauquelin  dif- 
eovered  nothing  except  iron,  alumine,  and  lime. 

It  occurs  in  nefts  in  beds  of  clay,  and  dif- 
feminated  in  bog  iron  ore,  or  inverting  peat. 

Sp.  13.  Green  Martial  Earth.  Grune 
Eifenerde,  Wern.  Fer  terrain  vert , Broch. 

. Its  colour  is  yellowifh  or  olive-green.  It 
occurs  generally  friable  and  fuperficial ; rarely 
in  mafs,  diffeminated  or  carious.  Internally  it 
is  dull.  Its  fracture  is  fine-grained  earthy,  fome- 
times  uneven.  It  ftains  the  fingers,  is  very  foft, 
meagre  to  the  touch,  eafily  frangible,  and  mo- 
derately heavy. 

Before  the  blowpipe  it  becomes  firft  red,  then 
of  a deep  brown,  but  does  not  melt  per  fe.  It 
tinges  borax  of  a greenilh-yellow  colour.  It  has 
been  miftaken  for  bifmuth  or  nickel  ochre,  but 
appears  to  contain  no  other  metallic  fubftance 
except  iron. 

It  occurs  at  Braunfdorf  and  Schneeberg  in 
Saxony,  in  veins. 

Sp.  14.  Arseniat  of  Iron.  Wurfelerz , 

Wern. 

Its  colour  is  dark  brownifh  green,  or  brownifh 
yellow.  It  occurs  in  mafs  and  cryftallized  in 
cubes,  either  perfedl  or  with  the  folid  angles 
replaced  by  equilateral  triangular  planes.  The 
planes  of  the  cryftals  are  fmooth  and  fhining. 
Internally  it  is  gliftening,  with  a vitreous  luftre. 

Its  fracture  is  imperfedUy  foliated ; its  frag- 
ments are  indeterminate.  It  is  tranflucent ; is 
a little  harder  than  calcareous  fpar,  and  brittle. 
Sp.  gr.  3.  By  decompofition  it  acquires  a deep 
brownifh-red  colour,  and  at  length  becomes  pul- 
Terulent. 

Before  the  blowpipe  it  melts  and  gives  out 
arfenical  fumes.  Its  component  parts,  according 
to  Chenevix,  are 


Arfenic  acid 

- 3r* 

Oxyd  of  iron 

- 45-5 

Oxyd  of  copper 

- 9. 

Silex  - - - 

- . 4. 

W ater  - - - 

fc.  10.5 

The  copper  and  filex  appear  to  be  entirely 
cafual,  for  an  analyfis  by  Vauquelin  prefented 
the  following  refults. 

Arfenic  acid  - - - 18. 

Oxyd  of  iron  - - - 48. 

Water  - - - - - 32. 

Carbonat  of  lime  - 2 
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It  has  been  found  hitherto  only  in  veins  in 
Carrarach,  Tincroft,  and  Muttrel  mines  in 
Cornwal. 

§ 2.  Analyfis  and  Ajfay  of  Iron  ores. 

I.  The  experiments  on  which  Mr.  Howard 
and  Prouft  have  founded  their  analyfes  of  the 
meteoric  native  iron  have  been  related  in  the  pre- 
ceding fedfion.  A method  to  the  full  as  com- 
pendious and  more  fatisfa£!ory  may  however  be 
deduced  from  Klaproth’s  very  valuable  analyfis 
of  chryfoprafe.  m (a)  Let  the  iron  be  dilfolved 
in  moderately  ftrong  nitric  acid,  (b)  then  add1 
liquid  and  perfectly  cauftic  ammonia  to  fuper- 
faturation:  after  digefting  the  mixture  a little 
while  in  a heat  lower  than  that  of  boiling  water, 
pour  off  the  fluid  part  and  repeat  the  digeftion 
with  ammonia  as  long  as  this  latter  acquires  a 
blue  colour.  The  infoluble  portion  is  oxyd  of 
iron,  (c)  which  may  either  be  heated  with  a little 
wax  in  a covered  crucible  and  thus  reduced  to 
the  ftate  of  magnetic  oxyd,  of  which  100  parts 
indicate  73  of  metallic  iron  ; or  it  may  be  mixed 
with  a little  nitric  acid  and  kept  for  a few  mi- 
nutes in  an  open  crucible  at  a low  red  heat,  by 
which  it  will  be  changed  to  the  perfect  red 
oxyd,  of  which  100  parts  indicate  52.  of  iron. 
The  ammoniacal  folution  contains  the  nickel, 
the  amount  of  which  may  be  thus  eftimated. 
(d)  Saturate  the  ammonia  with  nitric  acid  and 
decompofe  the  green  folution  thus  produced  by 
pure  prufliat  of  potafh  : a fea-green  precipitate 
will  be  thrown  down,  which  when  ignited  in  a 
covered  crucible  becomes  entirely  attra&ible 
by  the  magnet,  and  of  which  ignited  refidue  3 
parts  indicate  1 of  metallic  nickel. 

In  order  to  analyfe  the  proper  native  iron,  the 
belt  way  of  proceeding  appears  to  be,  (a)  to  dif- 
folve  the  whole  in  dilute  nitric  acid ; (b)  then 
to  feparate  the  lead  in  the  ftate  of  fulphat  by 
fulphat  of  foda,  and  afterwards  (r)  by  means  of 
cauftic  fixed  alkali  at  a boiling  heat  to  throw 
down  the  mixed  oxyds  of  iron  and  copper,  from 
which  the  latter  may  be  fubfequently  extracted 
by  means  of  cauftic  ammonia. 

2.  Pyrites  is  magnetical  or  unmagnetical  5 if 
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the  former,  it  may  be  either  proper  magnetical 
pyrites  or  common  pyrites  mixed  with  magnetic 
iron  either  in  the  metallic  ftate  or  in  that  of 
black  oxyd.  Muriatic  acid  will  afcertain  to 
which  of  thefe  three  divifions  any  particular 
fpecimen  belongs.  If  the  magnetil'm  is  owing 
to  black  oxyd  difperfed  through  common  pyrites, 
muriatic  acid  will  not  produce  any  inflammable 
gas  by  digeftion  with  it ; if  the  fpecimen  is  a 
mixture  of  metallic  iron  and  pyrites,  the  gas 
will  be  Ample  hydrogen:  but  if  the  fubftance 
under  examination  is  magnetic  pyrites,  the  gas 
will  be  fulphuretted  hydrogen. 

Both  fpecies  of  pyrites  are  molt  conveniently 
analyied  in  the  following  way.  (a)  The  pyrites 
being  previouily  reduced  to  a very  fubtle  pow- 
der, is  to  be  digefted  in  moderately  ftrong  nitric 
acid  and  boiled  almoft  to  drynefs,  a frelh  por- 
tion of  acid  is  then  to  be  added,  and  this  procefs 
is  to  be  repeated  till  the  whole  of  the  fulphur  is 
converted  into  fulphuric  acid,  (b)  The  liquor 
being  poured  off,  and  the  undiflolved  refidue 
being  thoroughly  edulcorated,  the  walhings  are 
to  be  added  to  the  liquor,  (c)  Into  this  is  to  be 
dropped  a flight  excefs  of  carbonat  of  foda ; 
and  the  precipitate,  if  there  fhould  be  any,  is 
to  be  feparated.  ( d ) The  refidual  liquor,  being 
perfectly  neutralized  by  a little  nitrous  acid,  is 
to  be  decompofed  by  muriat  of  barytes  added 
as  long  as  any  precipitate  takes  place.  This 
precipitate  is  fulphat  of  barytes,  of  which  ioo 
parts  indicate  14.5  of  fulphur  in  the  ore.  (<?) 
The  infoluble  refidue  (b)  is  to  be  digefted  with 
cauftic  foda,  evaporated  to  drynefs  and  flightly 
ignited,  the  precipitate  (r)  being  then  added,  the 
whole  is  to  be  diflolved  in  muriatic  acid  and 
boiled  nearly  to  drynefs,  the  affufion  of  water 
will  then  leave  the  filex  in  the  ftate  of  a white 
infoluble  powder,  (f)  The  muriatic  folution 
being  mixed  to  a flight  excefs  with  ammonia, 
the  alumine  and  oxyd  of  iron  will  be  precipi- 
tated together  leaving  the  lime,  if  any  happens 
to  be  prefent,  in  folution,  whence  it  may  be 
procured  in  the  ftate  of  carbonat  by  any  mild 
alkali,  (g)  Laftly,  the  iron  and  alumine  are  to 
be  feparated  either  by  boiling  in  nitric  acid, 
which  will  diflolve  the  earth  and  leave  the 
metallic  oxyd  untouched,  or  by  digeftion  in 
cauftic  foda  or  potafh,  which  will  produce  a 
fimilar  efte£t. 

3.  Magnetical  Ironjlone,  Specular  Iron  ore, 
and  Red  Ironjlone,  as  far  as  they  have  been  ex- 
amined, appear  to  be  compofed  of  oxyd  of  iron 
with  a fmall  cafual  quantity  of  filex  and  alu- 
mine. They  are  for  the  moft  part  with  diffi- 
culty and  imperfe&Jy  a£ted  on  by  acids  alone •, 


the  beft  method  of  proceeding  in  their  analyfes 
is  therefore  the  following.  ( a ) Let  the  ore  be 
reduced  to  a very  fine  powder  and  heated  in  a 
filver  crucible  with  liquid  cauftic  foda  ; when 
the  whole  of  the  moifture  is  evaporated,  let  the 
remaining  matter  be  ignited  to  a low  degree  for 
a few  minutes  ; then  diflolve  the  whole  con- 
tents of  the  crucible  in  dilute  muriatic  acid  and 
evaporate  the  folution  nearly  to  drynefs  ; boil  the 
refidue  in  diftilled  water  fharpened  with  a little 
muriatic  acid,  and  the  filex  will  remain  behind 
undiflolved.  ( b ) The  folution  being  reduced  to 
a moderately  fmall  compafs,  add  cauftic  foda  to 
a flight  excefs  and  boil  it  upon  the  precipitate 
thus  produced : the  precipitate  when  edul- 
corated is  pure  oxyd  of  iron ; which  may  be 
reduced  to  the  magnetic  ftate  and  then  efti- 
mated,  as  we  have  already  mentioned  in  para- 
graph 1 of  the  prefent  fettion.  (c)  The  alkaline 
folution  contains  the  alumine,  which  may  be 
feparated  by  muriated  ammonia,  and  then  walh- 
ed  and  ignited. 

Black  Ironjlone  and  Brown  Ironjlone,  as  to 
compofition,  differ  from  the  preceding  only  in 
containing  manganefe,  the  fame  method  of  ana- 
lyfis  may  therefore  be  applied  to  thefe  as  to  the 
former,  with  this  difference,  that  as  the  pre- 
cipitate ( b ) will  in  this  cafe  be  a mixture  of  the 
oxyds  of  iron  and  manganefe,  an  additional 
procefs  will  be  requifite  to  feparate  them.  This 
may  be  eftefted  with  confiderable  exa£lnefs  by 
difl'olving  the  mixed  oxyds  in  muriatic  acid  and 
adding  to  the  hot  folution  cauftic  foda  drop  by 
drop  till  the  liquor  becomes  colourlefs,  or  till 
the  precipitate  that  falls  down  at  each  addition 
of  alkali  begins  to  be  white ; thus  the  oxyd  of 
iron  will  be  thrown  down  and  the  manganefe 
will  remain  in  folution,  which  latter  may  be 
procured  after  the  removal  of  the  iron  by  con- 
tinuing to  add  foda  till  no  further  precipitate  is 
occafioned.  Another  and  equally  exaft  method 
of  feparating  thefe  two  oxyds  is  by  adding  to 
the  muriatic  folution  fuccinat  of  foda,  which 
precipitates  the  iron  but  does  not  affebt  the 
manganefe. 

4.  Spathofe  Ironjlone  may  contain  carbonic 
acid,  the  oxyds  of  iron  and  manganefe  ; lime, 
magnefia  and  barytes  probably  in  the  ftate  of 
carbonat,  a little  filex  and  alumine.  It  may 
conveniently  be  analyfed  in  the  following  way. 

( a ) Being  reduced  to  extremely  fine  powder  let 
it  be  digefted  in  muriatic  acid  with  a little  nitric 
acid,  a flow  effervefcence  will  take  place  and 
the  carbonic  acid  may  be  eftimated  by  the  lol's 
of  weight,  or  more  exa£lly  by  collebling  the 
gas  in  a mercurial  pneumatic  apparatus,  and 
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then  feparating  the  carbonic  acid  by  limewater. 
(Jb)  The  portion  of  the  ore  that  is  infoluble  in 
the  muriatic  acid  digefted  two  or  three  times 
upon  it  is  filex.  (c)  The  muriatic  folutions  and 
walhings  being  mixed  are  to  be  concentrated  by 
evaporation  and  decompofed  at  a boiling  heat 
by  cauftic  foda  in  excefs  : ( d ) the  precipitate  and 
fupernatant  fluid  being  boiled  together  for  a 
fhort  time  the  alumine  alone  will  be  difiolved. 
(e)  The  infoluble  portion  being  well  walhed  is 
to  be  ignited  and  abftradted  once  with  nitric 
acid,  by  which  the  lime,  barytes  and  magnefia 
will  be  diflolved,  and  the  oxyds  of  iron  and  man- 
ganefe  will  remain  behind.  ( f)  Thefe  oxyds 
may  be.feparated  by  digefting  the  mixture  at  a 
very  gentle  heat  with  dilute  nitric  acid  and  a 
-fmall  piece  of  fugar,  the  manganefe  will  be  to- 
tally taken  up  and  the  remaining  pure  oxyd  of 
iron  may  be  brought  to  the  magnetic  ftate  by 
being  heated  with  wax.  (g)  The  nitrat  of  man- 
ganefe of  the  foregoing  procefs  being  mixed 
with  carbonated  foda  a precipitate  takes  place, 
which  after  wafhing  and  drying  at  a heat  below 
rednefs,  is  pure  carbonat  of  manganefe,  of  which 
ioo  parts  indicate  55.  of  reguline  manganefe. 
(>6)  The  nitric  folution  of  procefs  ( e ) being  con- 
siderably diluted  with  water,  is  to  have  fulphuric 
acid  dropped  in  as  long  as  any  precipitate  is 
formed,  this  is  fulphat  of  barytes ; which  being 
removed,  the  other  earths  are  to  be  thrown 
down  by  a carbonated  alkali ; are  to  be  again 
diflolved  in  dilute  fulphuric  acid,  and  the  ful- 
phats  of  lime  and  magnefia  thus  produced  being 
precipitated  by  alcohol  are  finally  to  be  feparated 
from  each  other  by  cold  water,  which  will  dif- 
folve  out  the  fulphat  of  magnefia  without  taking 
up  any  confiderable  quantity  of  the  other. 

5.  The  argillaceous  and  bog  ores , the  blue  and 
gfeen  martial  earths , contain  a part  cr  the  whole 
of  the  following  fub fiances,  viz.  oxyds  of  iron 
and  manganefe,  phofphat  of  iron,  filex,  alumine, 
and  lime.  Thefe  may  be  feparated  in  this  man- 
ner. ( a ) Having  pulverized  and  ignited  the 
ore,  abftraft  it  twice  or  thrice  with  nitric  acid ; 
then  pour  off  the  acid  and  walh  the  refidue  with 
a little  more  ftrong  nitric  acid  : [b)  add  thefe 
acids  together  and  evaporate  almoft  to  drynefs. 
Then  wadi  the  refidue  with  cold  water  and  the 
phofphat  of  iron  will  remain  behind.  ( c ) Ignite 
the  infoluble  refidue  of  (a)  with  cauftic  foda 
and  feparate  the  filex  in  the  ufual  way  by  mu- 
riatic acid.  ( d ) Mix  together  the  nitric  and 
muriatic  liquors  and  boil  them  with  an  excefs 
of  cauftic  foda,  the  alumine  will  be  taken  up 
and  the  metallic  oxyds  and  lime  will  be  precipi- 


tated. (e)  This  compound  precipitate  being 
ignited  and  abftradfed  with  nitric  acid,  the  lime 
will  be  diflolved  out  *,  and  nothing  being  now 
left  but  the  oxyds  of  iron  and  manganefe,  thefe 
may  be  feparated  according  to  procefs  (f)  of 
the  preceding  paragraph,  or  by  either  of  the 
methods  defcribed  at  the  end  of  par.  3. 

6.  The  Jlrfeniat  of  Iron,  though  it  confifts 
effentially  only  of  arfenic  acid  and  iron,  alfo 
contains  accidentally  filex  and  copper.  It  is 
conveniently  and  expeditioufly  analyfed  by  Mr. 
Chenevix  b in  the  following  manner.  The  ore 
being  pulverized  and  expofed  to  lefs  than  a red 
heat  lofes  its  water  of  cryftallization.  The  refi- 
due being  boiled  with  cauftic  potafh,  the  alka- 
line folution  is  to  be  feparated  by  filtration,  and 
neutralized  with  nitric  acid  : being  then  treated 
with  nitrat  of  lead,  a precipitate  of  arfeniat  of 
lead  takes  place,  of  which  100  parts  indicate  33 
of  arfenic  acid.  To  the  refidue  infoluble  in 
potafh  muriatic  acid  is  to  be  added,  which  will 
take  up  the  iron  and  copper,  leaving  the  filex 
behind.  The  muriatic  folution  being  then  fu- 
perfaturated  by  ammonia,  the  oxyd  of  iron  is 
precipitated,  and  the  oxyd  of  copper  is  retained 
in  folution  by  the  alkali. 

Having  (hewn  the  method  to  be  purfued  in 
the  analyfis  of  the  various  fpecies  of  iron  ores, 
we  now  proceed  to  treat  of  the  method  of  affay- 
itig  them,  which  for  practical  purpofes  is  l'uffi- 
ciently  accurate  and  even  more  latisfadiory  than 
a regular  analyfis.  The  three  firft  and  the 
three  laft  fpecies  are  never  employed  by  the 
manufacturer  of  iron,  the  eight  intermediate 
ores  therefore  are  all  that  we  have  at  prefent 
any  concern  with. 

The  ancient  metallurgifts,  fuch  as  Cramer, 
Gellert  and  others,  recommend  the  ufe  of  very 
active  faline  fluxes  in  the  affay  of  iron  ores ; for 
this  however  there  feems  no  fort  of  neceflity, 
as  the  high  degree  of  heat  which  is  abfolutely 
required  to  bring  the  metallic  part  of  the  ore 
into  fufion  will  alfo  vitrify  the  earthy  parts  by 
the  afliftance  of  lime  and  bottle  glafs,  without 
having  recourfe  to  borax  or  any  alkaline  fait. 

The  richeft  varieties  of  the  magnetic  iron- 
ftone,  efpecially  the  iron-fand,  may  be  affayed 
by  mixing  them  when  finely  pulverized  with 
about  t't  °f  charcoal  or  twice  the  quantity  of  fine 
fawduft  and  fubje&ing  the  mixture  in  a covered 
crucible  to  the  full  action  of  a powerful  wind 
furnace  for  about  an  hour:  the  iron  will  be 
found  collected  into  a fomewhat  irregular  but- 
ton beneath  a fmall  quantity  of  cellular  fcoriae. 
This  very  fimple  mode  of  proceeding  however 
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can  only  be  had  recourfe  to  when  the  propor- 
tion of  earthy  matter  in  the  ore  is  very  fmall, 
and  even  then  it  will  be  better  to  add  to  the 
materials  fome  green  bottle  glafs,  finely  pounded, 
in  weight  equal  to  about  one-half  of  the  ore. 
The  common  magnetic  ironftone  contains  a 
confiderable  proportion  of  earth,  chiefly  filex, 
and  may  be  molt  effe£lually  and  eafily  allayed 
by  means  of  the  following  reducing  flux.  For 
every  8 parts  of  ore  take  8 of  bottle  glafs,  6 of 
limeftone  or  chalk,  and  I of  charcoal  t mix  the 
whole  accurately  together  along  with  the  ore, 
and  heat  it  for  a full  hour  in  a wind  furnace. 
If  the  operation  has  been  properly  conduced 
the  iron  will  be  found  in  the  form  of  a well 
defined  button,  covered  by  a compa£l  vitreous 
flag  nearly  of  the  colour  of  common  green 
glafs. 

The  fpecular  iron  ore  generally  contains  a 
portion  of  fulphur  from  the  cafual  admixture 
of  pyrites  *,  it  mull  therefore  be  roafted  at  a 
moderate  red  heat  as  long  as  any  fulphureous 
odour  is  perceptible,  after  which,  being  mixed 
with  8 parts  of  bottle  glafs,  6 of  chalk,  and 
of  charcoal  to  8 of  the  ore,  it  is  to  be  fufed  as 
already  mentioned. 

The  red,  brown  and  black  ironftones  may  be 
treated  as  the  preceding. 

The  fpathofe  ironftone  requires  no  roafting, 
and  is  beft  allayed  by  reducing  it  to  powder 
and  placing  it  in  a crucible,  lined  with  a mix- 
ture of  charcoal  and  a little  clay,  and  then 
covering  it  with  \ cf  its  weight  of  calcined 
borax. 

The  argillaceous  and  bog  ores  after  roafting 
may  be  mixed  with  8 parts  of  bottle-glafs,  7 of 
chalk,  and  i-j  of  charcoal  to  8 of  ore,  and  fufed 
in  an  unlined  crucible  j diminilhing  the  pro- 
portion of.  chalk  in  thofe  varieties  that  contain  a 
confiderable  quantity  of  calcareous  earth. 

§ 3.  Reduction  of  the  Ores  of  Iron. 

The  ancient  and  modern  methods  of  extract- 
ing iron  from  its  ores  differing  very  materially 
from  each  other,  it  will  be  neceflary  to  treat  of 
them  feparately. 

Iron  as  it  exifts  in  the  ore,  whether  in  a ftate 
of  greater  or  lefs  oxydation,  is  capable  of  being 
brought  to  the  metallic  ftate  when  heated  in 
contaCt  with  charcoal,  by  a much  lower  tem- 
perature than  is  required,  for  its  aCtual  fufion, 
and  the  iron  being  brought  to  this  ftate,  the 
earthy  matter  with  which  it  is  mixed  may  be 
vitrefied  by  the  addition  of  a proper  flux,  fo  as 
to  allow  the  particles  of  metallic  iron  to  fubfide 
in  confequence  of  their  fuperior  fpecific  gravity 


to  the  bottom  of  the  mafs,  although  they  arc 
only  in  that  foft  pafty  ftate  which  common  bar 
iron  exhibits  when  it  is  at  a white  heat.  Now 
the  blowing  machines  of  the  ancient  metallur- 
gies being  greatly  inferior  to  thofe  which  are 
employed  at  prefent,  they  were  obliged  to  make 
ufe  only  of  the  richeft  and  moft  eafily  reducible 
ores*  and  even  thefe  they  were  never  able  pro- 
perly fpeaking  to  fule  in  quantity,  fo  that  caf 
iron  was  a modification  of  this  metal  wholly 
unknown  to  them. 

That  iron  which  was  efteemed  the  beft  was 
prepared  in  the  following  manner.  a A mal's 
of  brickwork  was  raifed  5 feet  in  length  and 
breadth  and  3-5-  feet  high,  refembling  a fmith’s 
hearth,  except  that  in  the  middle  of  this  was 
funk,  a cupfhaped  cavity  or  crucible,  one  foot 
in  depth  and  half  a foot  wide,  in  the  upper  part 
of  which  was  rr.ade  a hole  opening  into  a chan- 
nel through  the  brick  work.  This  hole  being 
clofed  with  clay,  the  crucible  was  filled  with 
lighted  charcoal  heaped  up  fo  as  to  be  above 
the  level  of  the  hearth ; a blaft  of  air  was  then 
admitted  through  a pipe  let  into  the  wall  in  the 
fame  manner  as  a fmith’s  forge*  and  fo  con- 
trived that  the  focus  of  the  blaft  fhould  be  juft 
above  the  centre  of,  the  crucible.  Char  coal 
alone  was  added  from  time  to  time,  till  the 
heap  became  thoroughly  hot,  and  then  at  the 
difcretion  of  the  workmen  the  ore,  in  very  fmall 
pieces,  unroafted  but  mixed  with  unflacked 
quick-lime,  was  laid  on  alternately  with  the 
charcoal.  As  foon  as  it  had  defcended  low 
enough  to  be  within  the  immediate  influence  of 
the  blaft  (which  in  a furnace  of  this  conftruc- 
tion  would  be  in  a few  minutes)  the  lime  and 
earthy  part  of  the  ore  became  fufed  into  a flag 
and  inveloping  the  iron  now  in  a metallic  ftate, 
funk,  down  into  the  crucible,  difplacing  the 
charcoal  with  which  it  had  been  at  firft  charged. 
The  matter  remaining  at  reft  in  the  crucible 
gave  an  opportunity  to  the  particles  of  iron  to 
fink  to  the  bottom,  which  they  did  in  greater 
or  lefs  proportion  according  to  the  fluidity  of 
the  flag  and  the  compleatly  metallic  ftate  of  the 
iron.  After  this  procefs  had  been  going  on  for 
the  fpace  of  from  eight  to  twelve  hours,  the 
crucible  became  filled  with  melted  matter : at 
this  time  the  hole  which  had  been  at  firft  flop- 
ped up  with  clay  was  opened  by  means  of  an 
iron  bar  introduced  through  the  channel  in  the 
brick-work,  and  the  fcorite  immediately  flowed 
out,  leaving  the  iron  behind  covered  with,  hot 
charcoal.  The  blaft  being  flopped,  the  furnace 
foon  got  fufficiently  cool  to  allow  the  workmen 
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to  take  out  the  iron,  which  was  found  imper- 
fectly concreted  together  into  a mafs  nearly  of 
the  ffiape  of  a wooden  bowl : this  being  trans- 
ferred to  an  anvil  was  firft  carefully  hammered 
with  wooden  mallets  to  break  off  the  encrufting 
fcoriae  and  render  it  Sufficiently  compaCt  to  bear 
the  tilt  hammer,  to  which  it  was  next  fubjeCted: 
being  then  divided  into  five  or  fix  pieces,  each 
was  Separately  forged  into  a bar,  and  thus  the 
operation  was  finiffied.  The  iron  thus  obtained 
was  extremely  tough  and  hard  but  difficult  to 
work,  and  was  in  great  requeft  for  helmets  and 
other  articles  of  defenfive  armour,  and  in  gene- 
ral for  all  purpofes  where  toughnefs  and  hard- 
nefs  united  were  particularly  required.  The 
rich  quality  of  the  ore  and  the  circumftances  in 
which  it  was  reduced  were  probably  the  chief 
caufes  of  the  excellence  of  this  kind  of  iron  ; a 
peculiarity  however  in  the  method  of  forging  it 
may  alfo  have  Somewhat  contributed  to  this; 
for  while  it  was  under  the  tilt-hammer,  an 
affiftant  flood  by  with  a ladle  of  water,  with 
which  he  fprinkled  the  bar  as  often  as  it  was 
flruck  by  the  hammer. 

The  poorer  ores  which  were  incapable  of 
being  Smelted  in  the  above  method,  were  firft 
picked,  waffied  and  roafted,  then  reduced  to 
pieces  no  larger  than  hazle-nuts,  and  reduced 
(no  doubt  with  the  addition  of  lime)  in  blaft 
furnaces  from  feven  to  eight  feet  high  and 
Shaped  like  a chimney.  In  thefe  a considerably 
greater  heat  could  be  produced  than  in  the  for- 
mer, but  it  does  not  appear  that  the  metal  when 
taken  out  of  the  furnace  was  in  the  ftate  of 
call  iron  ; certain  it  is  that  it  was  always  allowed 
to  cool  there  and  was  never  run  into  pigs  as  is 
the  modern  praCtice. 

Some  ores  that  are  very  rich  and  yield  a Soft 
iron  have  been  occafionally  wrought  in  a man- 
ner ftill  more  Simple  than  either  of  the  proceed- 
ing. The  rich  fpecular  ore  of  the  ifland  of 
Elba  in  particular,  appears  formerly  to  have 
been  worked  to  a considerable  extent  in  this, 
which  if  not  the  earlieft  is  certainly  the  rudeft 
method  that  has  hitherto  been  devifed.  The 
ore  being  broken  into  fmall  pieces  is  heaped 
upon  a bed  of  charcoal  in  a very  Simple  re- 
verberatory furnace.  When  the  whole  has 
•been  glowing  hot  for  fome  time,  the  pieces 
being  now  Soft  and  at  a welding  heat,  are  by 
the  dexterous  management  of  the  workmen 
brought  in  clofe  contact  with  each  other  by 
means  of  an  iron  bar ; they  are  then  lightly 
hammered  while  ftill  in  the  furnace,  and  thus 
•the  whole  mafs  acquires  fufficient  compaCtnefs 


to  be  removed  to  the  anvil  without  falling  to 
pieces ; it  is  now  hammered  with  a gradually 
increafing  force,  the  earthy  impurities  are  thrown 
off  together  with  the  Scales  of  black  oxyd,  the 
lump  is  divided  into  pieces  of  a convenient  fize, 
which  by  repeated  heating  and  hammering  are 
drawn  into  bars.  The  rich  red  haematite,  as 
appears  from  an  experiment  of  Mr.  Muffiet, 
is  capable  of  being  manufactured  in  the  fame 
way. 

Thefe  ancient  methods  have  gone  into  difufe, 
not  becaufe  the  quality  of  the  iron  thus  pro- 
duced was  to  be  objected  to,  but  becaufe  the 
time  and  fuel  confumed  were  eaormous,  and 
the  iron  that  remained  in  the  fcoriae  amounted 
at  leaft  to  one  half  of  the  original  metallic  con- 
tents of  the  ore. 

The  modern  methods  of  reducing  the  ores  of 
iron  are  principally  two ; depending  on  the 
nature  of  the  fuel  made  ufc  of.  In  England 
and  Scotland  the  fuel  is  for  the  moft  part  coak ; 
but  in  the  reft  of  Europe,  charcoal : and  the 
precedes  in  the  founderies  where  the  latter  is 
employed  being  the  moft  fimple,  we  ffiall  com- 
mence with  this  method. 

The  beft  Swediffi  bar  iron,  named  in  the 
market  Oregrund  iron,  from  the  port  whence  it 
is  (hipped  for  the  Engliffi  market,  is  entirely 
prepared  from  the  magnetic  ironftone  of  Dan- 
nemora.  The  forges  and  founderies  where  it 
is  manufactured  are  thofe  of  Soderfors  and 
other  places  in  the  province  of  Roflagia,  and 
the  moft  approved  precedes  that  it  undergoes 
for  this  purpofe  are  the  following.  b 

The  ore  in  moderately  large  pieces,  fuch  as 
it  comes  from  the  mine,  is  firft  roafted.  For 
this  purpofe  an  oblong  coder  of  mafonry, 
eighteen  feet  long,  fifteen  wide  and  about  fix  in 
depth,  open  at  top  and  furniffied  with  a door  at 
one  of  its  fmaller  extremities,  is  entirely  filled 
with  logs  of  wood,  over  this  the  ore  is  piled  to 
•the  heighth  of  from  five  to  fev#n  feet,  and  is 
covered  with  a coating  of  fmall  charcoal  almoft 
a foot  and  a half  in  thicknefs.  Fire  is  then 
communicated  to  the  bottom  of  the  pile  by 
means  of  the  door  juft  mentioned,  and  in  a 
ffiort  time  the  combuftion  fpreads  through  the 
whole  mafs  : the  fmall  quantity  of  the  pyrites 
that  the  ore  eantains  is  decompofed  by  the  vola- 
tilization of  the  fulphur,  the  moifture  is  alfo 
driven  off,  and  the  ore  from  being  very  hard 
and  refraftory  becomes  pretty  eafily  pulver- 
izable.  In  the  fpace  of  twenty-four  hours  the 
roafting  is  completed,  and  the  ore  when  fuffi- 
ciently  cool  is  transferred  to  a.  ftamping-mil], 
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where  it  is  pounded  dry,  and  afterwards  fifted 
through  a network  of  iron,  which  will  not  admit 
any  piece  larger  than  a hazle  nut  to  pafs.  It  is 
now  ready  to  be  fmelted. 

The  fmelting-furnace  is  a llrong  quadrangular 
pile  of  mafonrv,  the  internal  cavity  of  which 
though  fimple  in  form  is  not  very  eafily  de- 
fcribed  : it  may  be  confidered  however  in  gene- 
ral as  reprefenting  two  irregular  truncated  cones 
joined  bafe  to  bafe  : of  thefe  the  lower  is  fcarcely 
more  than  one- third  of  the  length  of  the  upper, 
and  is  pierced  by  two  openings,  through  the 
upper  of  which  the  blaft  of  wind  from  the 
blowing  machine  is  admitted  into  the  furnace, 
and  from  the  lower  the  melted  matter,  both 
fcoriae  and  metal,  is  difcharged  from  time  to 
time  at  the  pleafure  of  the  workmen.  The 
furnace  is  firft  filled  with  charcoal  alone  and 
well  heated,  after  which  alternate  charges  are 
added  of  ore,  either  alone,  or  mixed  with  lime- 
ftone  if  it  requires  any  flux,  and  charcoal : the 
blaft  is  let  on  and  the  metal  in  the  ore  being 
highly  carbonized  in  its  paffage  through  the 
upper  part  of  the  furnace  is  readily  melted  as 
foon  as  it  arrives  in  the  focus  of  the  blaft,  whence 
it  fubfides  in  a fluid  ftate  to  the  bottom  of  the 
furnace  covered  with  a melted  flag.  Part  of 
the  clay  that  clofes  the  lower  aperture  of  the 
furnace  is  occafionally  removed  to  allow  the 
fcoriae  to  flow  out,  and  at  the  end  of  every 
ninth  hour  the  iron  itfelf  is  difcharged  into  a 
bed  of  fand  where  it  forms  from  ten  to  twelve 
fmall  pigs.  As  foon  as  the  iron  has  flowed  out 
the  aperture  is  clofed  again,  and  thus  the  fur- 
nace is  kept  in  inceffant  aCtivity  during  the  firft 
fix  months  in  the  year ; the  other  fix  months 
are  employed  in  repairing  the  furnaces,  making 
charcoal  and  collecting  the  requifite  provifion 
of  wood  and  ore. 

The  next  procefs  towards  the  converfion  of 
pig  into  bar  iron  is  refining.  For  this  purpofe 
a furnace  is  made  ufe  of  refembling  a fmith’s 
hearth,  with  a Hoping  cavity  funk  from  ten  to 
twelve  inches  below  the  level  of  the  blaft-pipe. 
This  cavity  is  filled  with  charcoal  and  fcoriae, 
and  on  the  fide  oppofite  to  the  blaft-pipe  is  laid 
a pig  of  call  iron  well  covered  with  hot  fuel. 
The  blaft  is  then  let  in  and  the  pig  of  iron 
being  placed  in  the  very  focus  of  the  heat  foon 
begins  to  melt,  and  as  it  liquefies  runs  down 
into  the  cavity  below  $ here  being  out  of  the 
direCt  influence  of  the  blaft  it  becomes  folid, 
and  is  then  taken  cut  and  replaced  in  its  former 
pofition,  the  cavity  being  again  filled  with  char- 
coal ; it  is  thus  fufed  a fecond  time,  and  after 
that  a third  time,  the  whole  of  thefe  three  pro- 
VOL.  i. 


ceffes  being  ufually  effected  in  between  three 
and  four  hours.  As  foon  as  the  iron  has  become 
folid  it  is  taken  out  and  very  flightly  hammered 
to  free  it  from  the  adhering  fcoriae  ; it  is  then 
returned  to  the  furnace  and  is  placed  in  a cor- 
ner out  of  the  way  of  the  blaft  and  well  covered 
with  charcoal,  where  it  remains  till  by  farther 
gradual  cooling  it  becomes  fufficiently  compaCt 
to  bear  the  tilt-hammer.  Here  it  is  well  beaten 
till  the  fcoriae  are  forced  out,  and  is  then  divided 
into  feveral  pieces,  which  by  a repetition  of 
heating  and  hammering  are  drawn  into  bars, 
and  in  this  ftate  it  is  ready  for  fale.  The  pro- 
portion of  pig  iron  obtained  from  a given  quan- 
tity of  ore  is  fubjeCt  to  confiderable  variation 
from  a difference  in  the  metallic  contents  of 
different  parcels  of  ore  and  other  circumftances, 
but  the  amount  of  bar  iron  that  a given  weight 
of  pig-metal  is-  expeCted  to  yield  is  regulated 
very  ftriCtly,  the  workmen  being  expeCted  to 
furnilh  4 parts  of  the  former  for  5 of  the  latter, 
fo  that  the  lofs  does  not  exceed  20  per  cent . 

The  method  of  preparing  bar  iron  in  all  the 
other  countries  of  Europe  where  charcoal  is  the 
fuel  made  ufe  of,  is  upon  the  whole  very  fimi- 
lar  to  that  which  we  have  juft  detailed,  allowing 
for  a few  variations  according  to  the  different 
fpecies  of  ore  that  are  employed.  But  in  Great 
Britain  the  number  of  charcoal  furnaces  is 
trifling  compared  with  thofe  where  coak  is  ufed, 
and  the  adoption  of  this  kind  of  fuel  has  led  by 
neceflity  to  a method  of  manufacturing  iron, 
quite  peculiar  to  this  country,  and  wholly  in- 
applicable to  thofe  eftablifhments  that  are  carried 
on  by  means  of  charcoal.  Each  method  has  its 
peculiar  advantages  and  difadvantages ; for  if  in 
quantity  of  produce  from  each  forge  the  Britifh 
claims  the  fuperiority,  yet  this  is  probably  more 
than  counterbalanced  by  the  inferior  quality  of 
the  metal,  the  greater  multiplicity  of  apparatus, 
and  confequently  the  larger  capital  laid  out,  and 
the  final ler  proportion  of  iron  procured  from  a 
given  weight  of  ore.  The  method,  however,  pur- 
sued by  the  Britifh  manufacturers  is  not  a matter 
of  choice,  but  has  been  forced  upon  them  by  the 
deficiency  of  wood.  They  muft  either  almoft 
entirely  abandon  this  important  branch  of  metal- 
lurgy, or  fubftitute  coak  with  all  its  inconve- 
niences to  charcoal.  Thus  circumftanced,  much 
Ikill  and  ingenuity  has  been  employed  by  them 
in  overcoming  the  peculiar  difficulties  with 
which  they  have  had  to  contend,  and  in  making 
the  mod  of  the  peculiar  advantages  connected 
with  this  mode  of  working,,  and  upon  the  whole 
with  fo  much  fuccefs  as  to  enable  the  Britifh 
manufactured  iron  to  enter  into  competition 
4 e 
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with  every  other  kind  except  the  Very  bed 
Norwegian  and  Swedilh. 

The  common  and  nodular  argillaceous  iron- 
ftone are  the  prevailing  kinds  of  ore  made  ufe 
of  in  the  coak  fmelting  works.,  partly  becaufe 
thefe  are  really  better  fitted,  with  this  fuel,  to 
produce  iron  of  a good  quality  than  the  rich 
haematites  of  Lancalhire,  Cumberland  and 
Devonlhire,  and  partly  becaufe  this  kind  of  ore 
being  ufually  found  to  accompany  the  feams  of 
coal,  it  may  be  procured  at  little  expence,  and 
the  fame  fituation  that  is  well  adapted  for  a 
fupply  of  fuel  is  equally  convenient  for  abun- 
dance of  ore. 

The  firft  procefs  that  the  ironftone  undergoes 
after  it  has  been  broken  into  pieces  not  larger 
than  an  egg,  is  roafting.  This  is  fometimes 
performed  in  cup-fhaped  kilns,  the  bottom  being 
occupied  by  lighted  coals  and  the  kiln  then 
filled  up  with  ore,  which  by  the  time  that  the 
fuel  is  confumed  is  found  to  be  fufliciently  torri- 
fied.  The  moll  ufual  way  however  of  burning 
ironftones  is  the  following.  Upon  an  oblong 
piece  of  firm  and  level  ground  is  laid  a bed  of 
fmall  coal  from  four  to  eight  inches  in  thicknefs; 
upon  this  is  placed  a ftratum  of  ironftone  com- 
pofed  of  pieces  as  nearly  as  poffible  of  the  fame 
fize,  and  from  18  inches  to  two  feet  thick:  the 
upper  furface  of  this  is  then  rendered  more 
compact  by  filling  up  the  interftices  with  fmail- 
er  pieces  of  ore.  Upon  this  refts  a layer  of 
fmall  coal  not  more  than  two  inches  thick,  and 
on  this  as  a bafe,  is  reared  a gradually  diminilh- 
ing  pile  of  ore  fo  as  to  refemble  the  ridge  of  a 
houfe;  finally,  the  whole  external  furface  re- 
ceives a compleat  covering  of  fmall  coals  and 
coal  dull.  The  pile  is  kindled  by  applying 
burning  coals  to  the  lower  ftratum,  which  by 
degrees  ignite  the  whole  mafs.  The  breadth 
of  the  pile  at  the  bottom  varies  from  io  to  1 6 
feet,  the  ufual  height  is  about  five  feet,  and  the 
length  varies  from  30  feet  to  60  yards.  When 
the  coals  are  confumed  the  pile  gradually  cools, 
and  in  eight  or  ten  days  may  be  wheeled  away 
to  the  furnace.' 

The  ore  if  well  roafted  will  now  be  of  a reddifh 
brown  colour,  of  diminifhed  fpecific  gravity  and 
will  have  become  magnetical,  the  fulphur, 
water,  inflammable  matter,  and  carbonic  acid 
that  it  originally  contained,  will  have  been  dif- 
fipated,  and  it  is  now  ready  to  be  fmelted. 

The  furnace  refembles  externally  a truncated 
quadrilateral  pyramid  of  confiderable  height  in 
proportion  to  its  thicknefs,  it  is  built  of  the 
ftrongeft  mafonry,  with  contrivances  to  obviate 


the  danger  of  its  cracking  by  the  expanfion  that 
takes  place  when  it  is  heated.  The  interior  of 
the  furnace  confifts  of  the  five  following  parts, 
reckoning  from  the  bottom  upwards. 

Firft  the  hearth , compofed  of  a Angle  block 
of  quartz  grit  about  two  feet  fquare:  upon  this 
is  ere&ed  what  in  France  and  Germany  is 
called  the  crucible , which  is  a four-fided  cavity 
fix  feet  fix  inches  high,  flightly  enlarging  up- 
wards fo  as  to  be  two  feet  fix  inches  fquare  at 
the  top:  the  part  above,  called  the  biphes  is  in 
the  flrape  of  a funnel  or  inverted  cone,  eight 
feet  in  perpendicular  height,  and  twelve  feet  in 
diameter  at  the  top;  this  terminates  in  the 
cavity  of  the  furnace  which  is  of  a conical 
figure,  thirty  feet  high,  and  three  feet  diameter 
at  the  top;  from  this  part  it  enlarges  into  a 
funnel  Ihaped  chimney  about  eight  feet  high  and 
fixteen  in  diameter  at  its  mouth.  The  lining 
from  the  hearth  to  the  top  of  the  bolhes  is 
compofed  of  large  blocks  of  quartz  grit,  and 
that  of  the  cavity  of  the  furnace  is  formed  of 
fire  bricks  13  inches  long,  and  three  inches 
thick.  About  two  feet  above  the  hearth  is  a 
round  aperture  called  the  Tuyere,  made  in  one 
of  the  fides  of  the  crucible  to  admit  the  extre- 
mity of  the  blaft  pipe,  through  which  the  air 
in  a high  ftate  of  compreffion  is  forced  into  the 
furnace;  and  at  the  bottom  of  the  crucible  is 
an  aperture  through  which  the  fcoriae  and  melted 
metal  are  from  time  to  time  difcharged.  A 
furnace  of  this  conftru£tion,  if  it  meets  with 
no  accident,  may  be  kept  in  conftant  work  for 
three  years  or  more  without  requiring  any  re- 
pairs. 

The  furnace  is  charged  at  the  chimney  by 
regular  intervals  with  coak,  iron  ore,  and 
limeftone  in  the  proportion  of  about  4 of  the 
firft,  33-  of  the  fecond,  and  1 of  the  third,  by 
weight,  care  being  taken  fo  to  regulate  the 
frequency  of  the  charges,  as  that  the  furnace 
lhall  be  always  full  nearly  to  the  top  of  the 
great  cavity.  The  denfity  of  the  blaft  and  the 
form  of  the  difcharging  pipe  are  ordered  fo  that 
the  chief  focus  of  heat  is  about  the  bottom  of 
the  bolhes;  hence  the  ore  has  to  defcend  about 
38  feet  perpendicular,  before  it  arrives  at  the 
place  where  the  fufion  is  effected.  This  does 
not  happen  in  lefs  than  48  hours,  fo  that  the 
ore  is  all  this  time  in  a ftate  of  cementation  at 
a high  temperature  in  conta£i  with  the  burning 
fuel,  and  in  confequence  is  almoft  faturated 
v/ith  carbon  when  it  reaches  the  hotteft  part  of 
the  furnace.  Being  arrived  at  this  place,  the 
limeftone  flux,  and  the  earthy  particles  of  the 
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coaks  and  ore  run  down  into  a flag,  the  iron  is 
alfo  melted  and  more  or  lefs  decarbonized,  and 
in  part  oxydated  by  the  blaft  inverfely  according 
to  the  proportion  of  fuel  with  which  it  is  mixed 
(for  the  oxygen  of  the  air  by  preference  unites 
with  the  loofe  carbon  of  the  coaks,  rather  than 
with  that  which  has  combined  with  the  iron). 
The  fluid  mafs  foon  finks  down  below  the 
influence  of  the  blaft,  and  while  it  remains  in 
quiet  at  the  bottom  of  the  furnace  the  globules 
of  iron  are  precipitated  from  the  flag  in  which 
they  were  inveloped,  and  occupy  the  loweft 
place,  while  the  covering  of  fcoriae  thus  inter- 
pofed  between  the  metal  and  that  portion  of  the 
blaft  which  is  reflected  downwards,  prevents  it 
from  fuftering  any  further  lofs  of  carbon.  In 
proportion  as  the  melted  matter  accumulates, 
the  flag  being  the  uppermoft,  flows  out  at  the 
aperture  made  for  this  purpofe,  and  the  iron  is 
let  out  at  regular  intervals  into  furrows  made 
in  fand,  where  it  forms  what  is  called  pig  iron, 
or  into  a large  refervoir  whence  it  is  poured  by 
means  of  ladles  into  moulds,  forming  all  the 
various  articles  of  caft  iron  ware,  from  cannons 
and  fteam  engine  cylinders,  to  fire  grates  and 
common  iron  pots. 

The  great  objeft  of  the  manufacturer  is, 
with  a given  quantity  of  fuel  to  obtain  as  large 
an  amount  as  poflible  of  highly  carburetted  caft 
iron,  as  this  is  the  kind  which  bears  the  higheft 
price  in  the  market:  but  as  from  various  caufes 
the  iron  is  generally  found  to  be  more  or  lefs 
decarburetted,  it  becomes  a matter  of  confider- 
able  importance  to  afcertain  by  external  cha- 
racters the  principal  changes  induced  by  a 
progreffive  diminution  of  carbon  in  order  that 
the  value  of  any  particular  fample  may  be 
•correCtly  and  expeditioufly  afcertained.  By 
long  and  careful  obfervation  it  has  been  found 
fufficient  for  all  practical  purpofes  to  arrange 
the  feveral  kinds  of  caft  iron  under  one  or  other 
of  the  four  following  fubfpecies. 

1.  Smooth  faced  Iron,  or  No.  I.  of  the  manu- 
facturers. This  feems  to  be  compofed  of  iron 
nearly  faturated  with  carbon,  and  mixed  with  a 
comparatively  fmall  proportion  of  oxyd  and 
earthy  impurities.  Its  upper  furface  is  fmooth 
and  convex,  entirely  free  from  oxyd,  and  often 
covered  with  a thin  cruft  of  plumbago:  it  pre- 
fents  a coarfe  granular  fraCture  with  a brilliant 
metallic  luftre  and  a dark  blue  colour. 

2.  Good  melting  pig  Iron , or  No.  2 of  the  manu- 
facturers.. This  differs  from  the  preceding  in 
containing  probably  a fmaller  portion  cf  carbon 
and  a larger  admixture  of  oxyd  of  iron.  Its 
upper  furface  is  flightly  convex  and  full  of  fmall 
cavities:  its  fjaCture  is  coarfe  granular  towards 


the  centre  of  the  pig,  but  the  concretions  mani- 
feftly  diminilh  in  fize  as  they  are  fituated  nearer 
the  furface;  its  colour  is  dark-grey  inclining  to 
blue. 

3.  Grey  Iron,  or  No.  3 of  the  manufactur- 
ers. In  this  the  amount  of  carbon  is  ftill  further 
diminilhed.  Its  upper  furface  is  level,  fome- 
times  flightly  concave,  and  prefents  more  and 
larger  cavities  than  the  preceding,  it  is  flightly 
oxydated  fuperficially;  its  fraCture  is  fine  gra- 
nular, and  its  colour  is  light  grey. 

4.  IVhite  Iron,  forge  pigs,  ballajl  Iron.  In 
this  the  quantity  of  combined  carbon  is  fmaller 
and  the  admixed  oxyd  larger  than  in  any  of  the 
preceding.  Its  upper  furface  is  concave,  rough, 
and  covered  with  a plate  of  oxyd;  its  fraCture  is 
compaCt  fometimes  tending  to  ftriated,  its  colour 
is  tin-white,  occafionally  mottled  with  grey. 

We  lhall  now  proceed  to  ftate  in  a general 
way,  the  circumftances  in  the  fmelting  which 
principally  influence  the  quality  of  the  produce. 
Much  depends  on  the  fuel : if  the  coaks  are 
not  perfectly  made  but  retain  a part  of  their 
bitumen,  the  whole  mafs  cakes  together  in  the 
upper  part  of  the  furnace,  and  inftead  of  de- 
fcending  regularly  to  the  focus  of  heat,  falls 
down  by  pieces,  and  at  irregular  intervals,  fo 
that  part  of  the  metal  is  detained  too  long 
before  the  blaft,  and  in  confequence  is  decarbo- 
nized and  oxydated,  while  other  portions  pafs 
fo  rapidly  through  the  furnace  as  never  to  be 
thoroughly  reduced,  hence  the  amount  of  the 
produce  is  diminifhed  and  its  quality  greatly 
deteriorated.  Nor  is  it  of  lefs  importance  that 
the  coak  fhould  be  perfectly  dry  when  put  into 
the  furnace,  otherwife  the  water  which  it  con- 
tains will  be  decompofed,  the  hydrogen  and 
part  of  the  oxygen  will  diffolve  their  refpeCtive 
portions  of  carbon,  and  efcape  in  a galeous 
ftate,  while  the  remainder  of  the  oxygen  will 
combine  with  the  iron ; which  will  thus  be 
injured,  not  merely  by  the  privation  of  carbon, 
but  the  pofitive  addition  of  oxygen.  It  is  fur- 
ther requifite  that  the  proportion  of  fuel  be 
adapted  to  the  richnefs  of  the  ore,  fo  that  there 
may  be  fufficient  both  to  keep  up  the  neceffary 
degree  of  heat  as  well  as  to  carbonize  the  metal : 
hence  as  the  charges  of  ore  and  fuel  are  always 
proportioned  by  meafure,  if  an  ore  fomewhat 
richer  than  ufual  happens  accidentally  to  be 
employed  without  a correfponding  addition  of 
fuel,  the  produce  though  fomewhat  increafed  in 
quantity,  will  be  more  than  equivalently  redu- 
ced, in  quality.  Another  circumftance  that  the 
manufacturer  muft  carefully  attend  to,  is  the 
proper  choice  of  ore  with  regard  to  fufibility, . 
for  as  it  is  not  only  requifite  that  the  iron 
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ihould  be  melted,  but  alfo  highly  carbonized, 
and  as  coak  gives  off  its  carbon  with  much 
more  difficulty  than  charcoal  does,  it  is  manifeft 
that  a very  fufible  ore  would  melt  long  before 
it  arrived  at  the  focus  of  the  furnace,  and  pair- 
ing rapidly  through,  would  reach  the  hearth 
without  having  had  time  to  imbibe  the  proper 
quantity  of  carbon.  Hence  it  is  that  the  rich 
haematites,  although  they  afford  an  excellent 
•quality  of  iron  v/hen  fmelted  with  charcoal, 
produce  nothing  but  white  iron  when  treated 
in  the  coak  furnace;  while  on  the  other  hand 
argillaceous  ironftone  being  much  more  refrac- 
tory, does  not  melt  till  it  comes  into  the  very 
hotteft  part  of  the  furnace,  and  therefore  has 
had  full  time  to  abforb  the  defirable  quantity  of 
•carbon.  Another  thing  to  be  attended  to  is  the 
proper  regulation  of  the  blaft,  and  this  depends 
upon  its  drynefs,  its  temperature,  its  compref- 
fion, and  its  direction.  The  drynefs  and  tem- 
perature appear  to  be  principally  governed  by 
the  feafon  of  the  year,  and  therefore  are  but 
-little  capable  of  being  modified  by  the  manu- 
facturer. It  is  plain  that  the  dryer  and  colder 
the  air  is,  the  greater  will  be  its  effe£t  on  the 
-combuftion,  and  it  is  found  by  conftant  expe- 
rience, that  the  produce  of  iron  during  the 
fummer  months  is  greatly  inferior  in  quantity, 
and  materially  fo  in  quality  to  that  which  is 
manufactured  irr  the  winter:  a clear  dry  and 
fevere  froft  is  the  molt  favourable  period  in 
every  refpeCt  for  the  working  of  the  furnace, 
and  a change  to  fnow  or  rain  is  infallibly  fol- 
lowed by  a correfponding  deterioration.  The 
higher  the  temperature  of  the  blaft  is  when  it  is 
delivered  into  the  furnace,  the  fmaller  (the 
degree  of  compreffion  and  other  circumftances 
being  equal)  will  be  the  quantity  of  oxygen 
contained  in  every  cubic  foot,  and  of  courfe  the 
vigour  of  the  combuftion.  Nor  is  the  force  of 
the  blaft  and  its  direction  a fubjeCt  of  lefs  im- 
portance; it  is  obvious  that  in  proportion  as  the 
charge  defcends,  the  carbonaceous  matter  is 
continually  diminiffiing,  hence  the  proper  fitua- 
tion  for  the  focus  of  the  blaft  is  that  part  of  the 
furnace,  where,  when  the  ore  {hall  have  arrived 
it  will  be  fully  carbonized  and  furrounded  with 
a fufficient  quantity  of  fuel  to  excite  an  intenfe 
heat,  and  abforb  nearly  the  whole  of  the  oxygen 
of  the  air,  and  thus  prevent  it  from  either  oxy- 
dafing  the  iron,  or  carrying  off  the  carbon  with 
which  it  may  be  combined.  This  precife  fitua- 
tion,  in  a furnace  properly  conftruCfed,  will  be 
found  to  be  juft  within  the  expanfion  of  the 
bofties;  but  as  this  is  more  than  four  feet  above 


the  tuyere  hole,  the  blaft  muft  be  delivered 
with  great  velocity  and  in  a direction  fomewhat 
flanting  upwards,  in  order  that  it  may  be  re- 
flected by  the  oppofite  wall  of  the  crucible,  and 
arrive  at  its  proper  place  without  undergoing 
any  material  decompofition.  When  the  blaft 
enters  too  rapidly,  and  in  too  concentrated  a 
ftate,  it  renders  the  line  of  its  paffage  before  it 
is  reflected  fo  cool,  that  the  defcending  flag 
which  comes  within  its  influence  is  fuddenly 
folidified,  and  blown  into  a tube  reaching  per- 
haps half  way  acrofs  the  crucible  through  which 
the  blaft  continues  to  rulh,  and  in  confequence 
of  this  protection,  is  conveyed  with  greater 
precifion,  and  in  a lefs  decompofed  ftate  into 
the  upper  part  of  the  furnace.  If  after  this  the 
compreffion  of  the  air  is  fomewhat  diminiffied, 
the  tube  ftill  remains  firm,  often  for  days 
together,  and  the  furnace  works  in  the  beft 
manner.  But  on  the  other  hand,  when  too 
loofe  and  foft  a blaft  is  admitted,  and  more 
efpecially  if  it  is  charged  with  moifture,  it  is 
unable  to  reach  the  top  of  the  crucible  without 
being  decompofed,  and  the  reflection  which  it 
undergoes  from  the  wall  of  the  crucible,  weak- 
ens and  difperfes  it  to  fuch  degree,  that  the 
combuftion  which  ought  to  take  place  within 
the  boffies,  now  occupies  the  whole  upper  part 
of  the  crucible:  in  confequence  of  this,  the 
tube  of  fcorise  is  prefently  burnt  away,  the  iron 
almoft  as  faft  as  it  is  melted  is  ignited  and 
oxydized,  the  tuyere  hole  glows  like  the  fun 
with  an  intenfely  vivid  white  light;  the  fcoria 
from  being  yellowifh  white  ftreaked  with  blue, 
becomes  green,  brown,  and  finally  black,  near- 
ly the  whole  of  the  iron  in  the  ftate  of  oxyd 
being  taken  up  by  it;  the  blocks  of  refractory 
gritftone  with  which  the  lower  part  of  the  fur- 
nace is  lined  are  worn  into  great  holes,  and  in 
the  fpace  of  a few  hours  prodigious  damage  is 
fuftained. 

There  has  been  no  regular  analyfis  of  call 
iron,  but  from  the  phenomena  that  take  place 
during  its  conversion  into  bar  iron,  which  we 
fhall  proceed  to  defcribe,  it  will  be  Efficiently 
apparent  what  are  its  principal  cor.ftituent  parts. 

One  of  the  moft  obvious  differences  between 
caft  and  bar  iron,  is  the  brittlenefs  of  the 
former  and  the  malleability  of  the  latter:  this 
malleability  has  accordingly  been  adopted  by 
the  manufacturer  as  the  efl'ential  character  of 
bar  iron,  and  as  affording  him  a mode  by  which 
to  judge  of  the  efficacy  of  the  means  employed 
by  him  in  reducing  crude  to  malleable  iron. 

The  firft  ftep  in  the  procefs  is  refining*1.  For 
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this  purpofe  the  pigs  are  fmelted  in  a refinery, 
(the  condrudHon  of  which  we  have  already 
noticed)  by  means  of  charcoal;  and  as  foon  as 
the  metal  is  in  fufion  it  is  let  out  into  a mould 
of  fand  to  feparate  the  fcoriae  that  rife  to  its 
furface,  and  in  this  date  is  called  a half  bloom. 
As  foon  as  it  has  become  folid  it  is  again  tranf- 
ferred  to  the  furnace  and  treated  as  before. 
Sometimes  even  a third  fufion  is  required  before 
the  iron  {hows  fufficient  malleability  to  clot  into 
lumps  when  broken  down  almoft  at  a fufing 
heat,  by  an  iron  bar.  When  it  has  acquired 
this  confidency,  it  is  taken  out  in  moderate 
fized  pieces,  which  being  placed  under  the 
great  forge  or  Jhingling  hammer,  are  fpeedily 
damped  into  cakes  about  an  inch  in  thicknefs. 
Several  piles  of  thefe  cakes  about  a foot  high, 
are  then  laid  on  flat  circular  dones,  and  placed 
in  the  balling  or  reverberatory  furnace,  where 
they  are  drongly  heated.  As  foon  as  the  whole 
acquires  a pady  date,  one  of  the  piles  is  taken 
out  by  a workman  and  drawn  under  the  ham- 
mer into  a fhort  bar:  which  being  finifhed,  is 
applied  to  another  of  the  piles,  to  which  it 
prefently  adheres:  being  then  withdrawn,  the 
new  portion  is  welded  firmly  to  the  fird  by 
means  of  the  hammer,  and  thus  the  bar  is 
doubled  in  length;  by  repeating  the  fame  Am- 
ple and  ingenious  operation  the  bar  is  made  as 
long  as  its  weight  will  conveniently  allow.  The 
cracks  in  the  bar  are  then  clofed,  and  its  tena- 
city is  improved  by  heating  it  afrefh  in  a fire 
made  of  coal,  called  the  chaffer y , (chaufferie  Fr.) 
and  again  fubje&ing  it  to  the  aftion  of  the 
forge-hammer.  It  is  now  in  the  date  of  common 
bar  iron,  and  ought  to  be  entirely  free  from  all 
earthy  particles.  After  this,  according  to  the 
jufe  for  which  it  is  intended,  it  is  transferred  to 
the  flitting  mill;  where  it  is  laminated  and  cut 
up  into  bars  and  rods  of  various  dimenfions,  by 
which  its  toughnefs  and  compa£tnefs  is  much 
improved,  and  is  then  ready  for  the  fmith. 

The  above  method  is  called  fatnping-,  but 
befides  this,  there  is  another  known  by  the 
name  of  flourijhing , which  requires  a fhort 
notice.  In  this  the  pigs  of  cad  iron  when  put 
into  the  refinery  are  kept  for  about  two  hours 
and  a half  in  a pady  date  without  a£tually 
melting,  and  at  the  end  of  this  period  the  metal 
is  taken  out  by  fhovels  and  laid  on  the  open 
floor  on  a plate  of  cad  iron  where  it  is  beaten 
with  hand-hammers  in  order  to  knock  off  the 
cinders  and  other  adhering  impurities.  It  is 
afterwards  placed  under  the  forge  hammer  and 
beaten,  at  fird  gently,  till  the  whole  mafs  has 
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acquired  fome  tenacity,  and  then  the  middle 
part  is  drawn  into  a bar  four  feet  long,  termi- 
nated at  each  extremity  by  a cubical  lump  of 
rough  iron:  in  this  date  it  is  called  an  Ancony. 
It  is  now  taken  to  the  Chaffery,  hammered 
afrefh,  and  the  ends  being  all'o  drawn  down  to 
the  fame  dimenfions  as  the  other  part,  the  bar 
is  compleated. 

A third  method  of  working  iron,  called 
puddling , was  invented  by  Mr.  Cort,  (as  appears 
from  the  fpecifi cations  of  his  two  patents'1)  and 
is  we  underdand  coming  into  general  ufe  at 
Sheffield  and  other  places.  It  is  particularly 
charade  erifed  by  combining  the  reverberatory 
with  the  finery  furnace,  and  the  whole  procefs 
is  managed  in  the  following  manner.  The 
pigs  of  cad  iron  produced  by  the  fmelting  fur- 
nace are  broken  into  pieces,  and  are  mixed  in 
fuch  proportions  according  to  their  degree  of 
carbonization,  that  the  refult  of  the  whole  fhall 
be  a grey  metal.  This  mixture  is  then  fpeedily 
run  down  in  a blad  furnace,  where  it  remains 
a fufficient  time  to  allow  the  greater  part  of  the 
fcoriae  to  rife  to  the  furface.  The  furnace  is 
now  tapped,  and  the  metal  runs  into  moulds  of 
fand,  by  which  it  is  formed  into  pigs  about  half 
the  fize  of  thofe  which  are  made  at  the  fmelting 
furnace:  and  thefe  pigs  when  cold  are  broken 
into  pieces. 

A common  reverberatory  furnace  heated  by 
coal,  is  now  charged  with  about  24-cwt*  of  this 
half  refined  grey  iron.  In  a little  more  than 
halt  an  hour,  the  metal  will  be  found  to  be 
nearly  melted;  at  this  period  the  flame  is  turned 
off,  a little  water  is  fprinkled  over  it,  and  a 
workman  by  introducing  an  iron  bar,  or  an  in- 
drument  fhaped  like  a hoe,  through  a hole  in 
the  fide  of  the  furnace,  begins  to  dir  the  half 
fluid  mafs  and  divide  it  into  fmall  pieces.  In 
the  courfe  of  about  fifty  minutes  from  the 
commencement  of  the  procefs,  the  iron  will 
have  been  reduced  by  condant  dirring  to  the 
confidence  of  fmall  gravel,  and  will  be  con- 
fiderably  cooled.  The  flame  is  then  turned  on 
again,  the  workman  continuing  to  dir  the 
metal,  and  in  three  minutes  time  the  whole 
mafs  becomes  foft  and  femifiuid,  upon  which 
the  flame  is  again  turned  off.  The  hotted  part 
of  the  don  now  begins  to  heave  and  fwell,  and 
emit  a deep-blue  lambent  flame,  which  appear- 
ance is  called  fermentation:  the  heaving  motion 
and  accompanying  flame  foon  fpreads  over  the 
whole,  and  the  heat  of  the  metal  feems  to  be 
rather  increafed  than  diminifhed  for  the  next 
quarter  of  an  hour:  after  this  period  the  tem- 
, p.  3189  and  361. 
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perature  again  falls,  the  blue  flame  is  lefs 
vigorous,  and  in  a little  more  than  a quarter  of 
an  hour  the  metal  is  cooled  to  a dull  red, 
and  the  jets  of  flame  are  rare  and  faint.  During 
the  whole  of  the  fermentation,  the  ftirring  is 
continued,  by  which  the  iron  is  at  length 
brought  to  the  confiftency  of  fand,  it  alfo  ap- 
proaches nearer  to  the  malleable  ftate,  and  in 
•confequence  adheres  lefs  than  at  firft  to  the  tool 
with  which  it  is  ftirred.  During  the  next  half 
hour  the  flame  is  turned  off  and  on  feveral  times, 
a ftronger  fermentation  takes  place,  and  a loud 
biffing  noife  is  perceived,  the  lambent  flame  alfo 
becomes  of  a clearer  and  lighter  blue;  the 
metal  begins  to  clot  and  becomes  much  lefs 
fufible  and  more  tenacious  than  at  firft;  the 
fermentation  then  by  degrees  fubfides,  the 
emiffion  of  blue  flame  nearly  ceafes,  the  iron  is 
gathered  into  lumps  and  beaten  with  a heavy- 
headed  tool.  Finally,  the  tools  are  withdrawn, 
the  apertures  through  which  they  were  worked 
are  clofed,  and  the  flame  is  turned  on  in  full 
force  for  fix  or  eight  minutes.  The  pieces  being 
thus  brought  to  a high  welding  heat  are  with- 
drawn and  Ihingled;  after  this  they  are  again 
heated  and  palled  through  grooved  rollers,  by 
which  the  fcorise  are  feparated  and  the  bars 
thus  forcibly  compreffed  acquire  a high  degree 
of  tenacity. 

The  more  welding  and  hammering  that  bar 
iron  is  fubjedl  to,  the  tougher  it  becomes  and 
the  more  fibrous,  or  nervous  as  the  French  term 
it,  is  the  fracture.  Hence  arifes  the  fuperiority 
of  Stub  iron  to  all  the  other  varieties  for  barrels 
of  fowling  pieces  and  other  ufes  where  extreme 
toughnefs  is  required.  It  is  prepared  in  the 
following  method.  A moderately  broad  ring  of 
the  be'ft  Swedifli  iron  is  placed  horizontally  and 
filled  with  old  horfelhoe  nails  (called  ftubs)  fet 
perpendicularly,  till  it  can  hold  no  more : a 
pointed  bar  of  iron  is  then  driven  into  the 
•centre  of  the  circle,  and  thus  locks  the  whole 
fall  together.  A welding  heat  is  then  applied, 
and  the  mafs  is  hammered  very  gently  at  firft, 
till  the  nails  and  ring  become  compleatly  united: 
it  is  then  drawn  down  into  bars  and  affords  an 
iron  of  peculiar  clofenefs,  toughnefs,  and  mal- 
leability. 

§ 4.  Manufacture  and  properties  of  Steel, 

Steel  combines  the  fufibility  of  call  iron  with 
the  malleability  of  bar  iron,  and  further  poffefl’es 
this  very  valuable  property,  that  when  heated 
and  fuddenly  cooled,  it  becomes  intenfely  hard, 
amd  is  therefore  much  fuperior  to  Ample  iron 


for  all  kinds  of  cutting  inftruments,  files  and 
various  other  tools.  In  the  prefent  feftion  we 
fhall  deferibe  the  different  methods  of  preparing 
and  tempering  fteel,  referving  for  the  next 
fedlion  an  enquiry  into  the  chemical  com- 
pofition  of  this  ufeful  fubftance. 

The  moft  ancient  way  of  making  fteel  is 
probably  that  related  by  Agricola. s Take  fome 
highly  carburetted  bar  iron,  cut  it  into  final! 
pieces  and  mix  it  with  pulverized  fcorias,  put 
the  mixture  into  a crucible  lined  with  charcoal, 
and  bring  it  to  a ftate  of  fufion  in  a blaft  fur- 
nace. When  both  the  iron  and  fcoriae  are 
thoroughly  fluid,  immerfe  in  this  metallic  bath 
four  lumps  of  bar  iron,  weighing  about  thirty 
pounds  each,  and  let  them  remain  in  this 
fituation  during  five  or  fix  hours,  ftirring  the 
bath  occafionally  with  an  iron  rod;  by  this  time 
they  will  have  become  foft  and  fpungy,  upon 
which  they  are  to  be  taken  out  and  drawn  down 
into  bars  by  the  forge  hammer.  As  foon  as 
this  is  performed,  the  bars  ftill  hot,  are  to  be 
plunged  into  cold  water,  by  which  they  will  be 
rendered  brittle,  and  are  then  to  be  broken 
under  the  hammer  into  fhort  pieces.  The  cru- 
cible in  the  mean  time  is  to  be  repleniffied  with 
the  fame  mixture  as  before,  and  when  its  con- 
tents are  become  quite  fluid,  the  pieces  into 
which  the  bars  have  been  broken  are  to  be  again 
immerfed  till  they  become  foft : each  piece 
being  then  taken  out  and  forged  feparately  into 
a flender  bar,  is  to  be  cooled  while  yet  glowing 
hot,  in  cold  water,  and  the  procefs  is  finifhed. 
The  above  method  is  we  believe  entirely  obfo- 
lete,  though  with  a few  modifications  that  are 
fufficiently  obvious,  it  would  in  all  probability 
be  found  highly  advantageous. 

The  native  fteel  of  Eifenhartz  in  Stiria  has 
always  been  in  high  eftimation  fince  the  eighth 
century,  and  is  prepared  dire£lly  from  the  ore 
nearly  in  the  fame  manner  as  common  bar  iron.h 
The  ore  made  ufe  of  is  the  Spathofe  Ironftone, 
con  filling  of  the  carbonats  of  iron,  manganefe 
and  lime,  together  with  a mixture  of  clay:  it  is 
procured  in  vaft  abundance  from  the  neighbour- 
ing hill  of  Arzberg,  and  care  is  taken  not  to  ufe 
any  that  has  not  been  expofed  for  feveral  years 
to  the  action  of  the  air.  No  flux  of  any  kind  is 
neceffary,  and  the  fuel,  which  is  charcoal,  does 
not  on  an  average  exceed  in  weight  one  fifth  of 
the  ore.  When  a fufficient  quantity  of  melted 
matter  is  collected  at  the  bottom  of  the  furnace 
it  is  let  out  into  a deep  mould,  where  it  re- 
mains quiet  a few  minutes  to  allow  the  icorite 
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Rambourg  in  Journ.  des  mines,  No.  83  and  89.  HalTenfratz  in  An.  de  Chim-  xis.  p.  22. 


I R O 


I R O 


( 6 01  ) 


to  rife  to  the  furface:  this  being  done,  a little 
water  is  fprinkled  over  it,  which  hardens  the 
fcorije  and  renders  them  eafily  removable:  a 
fecond  but  much  thinner  cruft  of  fcoriae  gene- 
rally fucceeds,  which  is  got  rid  of  in  the  fame 
manner.  A little  water  is  now  thrown  on  the 
melted  metal  itfelf,  by  which  its  furface  is  fud- 
denly  covered  with  a congealed  cruft  about  an 
inch  thick;  this  is  removed,  and  by  repetitions 
of  the  fame  procefs  the  greater  part  of  the  mafs 
is  thus  converted  into  thefe  irregular  plates: 
what  remains  is  a mafs  in  the  ftate  of  half 
malleable  iron.  Thefe  plates  are  transferred  to 
the  crucible  of  a refinery  which  has  been  pre- 
vioufly  lined  with  charcoal,  and  are  covered 
with  fcoriae  and  brought  to  a ftate  of  fufion, 
carefully  obferving  however  not  to  diretft  the 
blaft  from  the  bellows  into  the  crucible,  left  the 
iron  fhould  be  decarbonized.  After  the  whole 
has  been  in  quiet  fufion  for  fome  time,  the  fire 
is  flackened,  and  as  foon  as  the  metal  has 
congealed  the  fcoriae  ftill  fluid  are  let  off.  The 
mafs  is  then  fubjetted  to  a fecond  fufion  in  the 
refinery  with  the  fame  precautions  as  at  firft, 
and  is  now  fufficiently  purified  to  be  forged:  it 
is  accordingly  extended  under  the  hammer  and 
cut  into  bars  which  are  examined  by  their 
fra&ure,  and  feparated  according  to  their  qua- 
lities, into  hard  fteel,  foft  fteel,  and  fteely  iron : 
the  latter  is  referved  by  itfelf  and  ufed  for 
pointing  plowlhares  and  other  coarfe  work;  but 
the  others  are  made  up  into  packets,  obferving 
to  place  the  hardeft  fteel  on  the  infide,  which 
are  then  drawn  into  bars  at  a lower  heat  than 
that  required  for  iron,  and  then  the  procefs  is 
compleat.  Thus  the  whole  art  confifts  in  puri- 
fying the  call  iron,  taking  at  the  fame  time 
particular  care  that  the  carbon  which  it  contains 
is  not  burnt  away.  If  the  original  call  iron  is 
very  highly  carbonized  it  fometimes  happens 
that  the  fteel  retains  too  large  a proportion  of 
carbon,  which  is  evinced  in  the  refinery  by  its 
being  more  eafily  fufible,  and  requiring  a longer 
time  to  become  folid  again  than  ufual:  this 
defett  however  is  fpeedily  remedied  by  adding 
iron  filings  or  fcraps  of  bar  iron,  the  quantity 
of  which  is  regulated  by  the  degree  of  fufibility 
to  be  corre&ed. 

If  the  manufa&urer  wilhes  to  procure  iron 
from  this  ore  inftead  of  fteel,  the  only  difference 
required  in  the  treatment  is  to  get  rid  of  nearly 
the  whole  of  the  combined  carbon  by  roafting 
the  plates  in  a reverberatory  furnace  before  they 
are  brought  to  the  refinery,  and  by  avoiding  to 
line  the  crucible  of  the  refinery  with  pounded 


charcoal.  The  iron  thus  produced  is  of  an 
excellent  quality. 

The  beft  of  the  Swedilh  and  Norwegian  ores 
are  occafionally  wrought  into  fteel  of  a very 
good  quality  by  nearly  the  fame  procefs  of 
manufacture,  provided  in  the  fmelting  a larger 
proportion  than  ufual  of  charcoal  has  been 
employed  to  enfure  a highly  carbonized  metal. 

The  ufual  method  of  converting  iron  into 
fteel  is  by  cementation1.  For  the  purpofes  of 
manufacture,  this  is  performed  on  large  quan- 
tities at  a time  in  the  following  manner.  A 
cementation  or  converting  furnace  confifts  of 
two  parallel  troughs,  conftruCted  of  fire-brick, 
fufficiently  long  to  admit  with  convenience  a 
common  bar  of  iron;  thefe  troughs  reft  upon  a 
long  grate  from  which  flues  proceed  fo  as  to 
diftribute  the  heat  as  evenly  as  pofiible  to  every 
part:  an  arched  vault  is  thrown  over  the  top, 
and  the  whole  is  inclofed  within  a cone  of 
mafonry  as  the  glafs  houfe  furnaces  are.  The 
bars  of  iron  intended  for  cementation  are  of  the 
very  beft  quality,  (in  England  none  but  the  Swe- 
difh  Oregrund  iron  is  employed  for  this  pur- 
pofe)  and  are  carefully  examined  to  afcertain  that 
they  are  quite  free  from  cracks,  flaws,  and  every 
appearance  indicative  of  their  not  being  com- 
pleatly  malleable.  The  requifite  feleClion  being 
made,  a ftratum  of  coarfely  bruifed  charcoal  is 
laid  at  the  bottom  of  the  cementing  trough, 
upon  which  is  arranged  a layer  of  iron  bars:  to 
this  fucceeds  another  of  charcoal,  and  fo  on  till 
»he  trough  is  nearly  filled,  obferving  that  the 
upper  as  well  as  the  loweft  layer  is  charcoal : it 
is  then  covered  with  a mixture  of  hard  rammed 
clay  and  fand  in  order  to  exclude  the  air.  A 
trough  thus  charged  will  contain  from  feven  to 
ten  tons  of  iron.  The  fire  being  lighted,  the 
heat  pafles  into  the  flues  and  raifes  the  tempe- 
rature of  the  troughs  to  a glowing  red  which  is 
maintained  for  the  fpace  of  from  feven  to  eleven 
days,  according  to  the  quantity  of  iron.  At  the 
extremity  of  each  trough  is  a fmall  hole,  through 
which  two  or  three  bars  project  a few  inches  in 
order  that  they  may  be  occafionally  withdrawn 
to  afcertain  the  progrefs  of  cementation : when 
by  the  trial  bars,  it  appears  to  be  compleat,  the 
fire  is  put  out,  and  after  the  troughs  are  fuffi- 
ciently cool  they  are  emptied  of  their  contents. 
The  form  of  the  bars  thus  converted,  remains 
unaltered,  but  their  furface  is  covered  over  with 
bubbles  or  blifters,  whence  the  fteel  in  this 
ftate  is  called  bljjier  Jleel:  it  is  heavier  than  the 
iron  from  which  it  was  made  on  account  of  its 
having  abforbed  a portion  of  carbon  from  the 
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charcoal  with  which  it  was  in  conta£l,  though 
this  is  by  no  means  the  only  action  that  takes 
place  in  the  procefs  of  fteel-making,  as  we  lhall 
{how  in  the  next  fe£tion.  Blifter  fteel  is  em- 
ployed only  for  the  coarfeft  purpofes,  fuch  as 
pointing  horfes  {hoes,  ploughs,  and  other  agri- 
cultural inftruments,  &c.  By  being  drawn 
down  into  fmaller  bars  under  the  tilt-hammer, 
its  texture  is  confiderably  improved,  and  it  is 
known  in  the  markets  by  the  name  of  tilted Jieel. 
As  repeated  hammering  improves  iron,  fo  it 
does  fteel:  hence  if  a bar  of  highly  carbonized 
blifter  fteel  is  broken  into  very  (hort  pieces,  and 
thefe  being  formed  into  fmall  packets,  are  again 
welded  together  and  drawn  down  into  bars, 
which  being  again  doubled  together  are  welded 
and  tilted,  repeating  the  procefs  two  or  three 
times,  the  refult  will  be  a very  material  improve- 
ment in  compa£tnefs  and  toughnefs,  and  the 
metal  will  be  found  well  qualified  for  fwords 
and  the  larger  articles  of  cutlery:  this  fteel  has 
long  been  prepared  in  high  perfection  in  Ger- 
many, whence  it  is  called  German  Jieel;  it  is 
alfo  known  by  the  name  of  [hear  Jieel. 

This  is  the  proper  place  to  mention  the  pro- 
cefs of  cafe-hardening , which  in  faCt  is  only  an 
imperfeCt  kind  of  cementation,  converting  little 
elfe  than  the  immediate  furface  of  the  metal 
into  fteel,  and  therefore  being  performed  not 
on  the  rough  bar  but  the  manufactured  article. 
The  cements  or  carbonaceous  fubftances  ufed 
on  this  occafion  are  bone  {havings  or  turnings, 
horn  cuttings,  and  old  leather  {hoes.  The  work 
intended  to  be  cafed  having  been  previoufiy 
filed  to  the  requifite  fhape,  that  there  may  be 
as  little  occafion  as  pofiible  to  apply  the  file 
afterwards,  is  laid  together  with  the  cement  in 
a pan  of  plate-iron.  A forge  fire  is  then  made 
of  confiderable  fize,  and  when  the  upper  part 
has  caked  together  it  is  carefully  lifted  off  with- 
out breaking,  the  pan  is  laid  upon  the  red  coals 
and  covered  with  the  caked  mafs.  In  this  ftate 
it  remains  for  nearly  two  hours,  without  urging 
the  fire.  Small  pieces  of  iron  wire  that  have 
been  previoufiy  introduced  into  the  pan  being 
withrawn  from  time  to  time,  are  dipped  while 
hot  in  cold  water,  and  by  the  file  and  the  cha- 
racter of  the  fraCture,  the  progrefs  of  the 
cementation  is  determined.  When  the  intended 
degree  of  carburation  is  obtained,  the  fire  is 
increafed  and  the  articles  as  fcon  as  fufficiently 
heated  are  taken  out  of  the  pan  and  plunged  in 
cold  water.  Tiie  inferior  kinds  of  table-knives 
and  fome  furgical  inftruments,  where  'a  con- 


fiderable degree  both  of  toughnefs  and  hardnefs 
is  required,  are  prepared  in  this  way.  k 

The  fineft  kind  of  fteel  however,  called 
Engli/h  cajl  Jieel , yet  remains  to  be  mentioned. 
It  is  commonly  prepared  by  breaking  to  pieces 
the  blifter  fteel  and  then  melting  it  in  a crucible 
with  a flux  compofed  of  carbonaceous  and  vitre- 
fiable  ingredients.  When  thoroughly  fufed  it 
is  call  into  ingots,  which  by  gentle  heating  and 
careful  hammering  are  tilted  into  bars.  By  this 
procefs  the  fteel  becomes  more  highly  carbon- 
ized in  proportion  to  the  quantity  of  flux,  and 
in  confequence  is  more  brittle  and  fufible  than 
before  •,  it  is  inferior  to  the  other  kinds  of  fteel 
in  being  incapable  of  welding  either  with  iron 
or  fteel,  but  on  the  other  hand  furpaffes  them 
all  in  uniformity  of  texture,  hardnefs,  and  clofe- 
nefs  of  grain,  hence  it  is  the  material  of  all  the 
fineft  articles  of  Englifh  cutlery.  The  com- 
pofition  of  the  flux  uled  in  preparing  this  fteel 
is  kept  a fecret  among  a few  manufacturers,  and 
in  confequence  various  experiments  have  been 
inftituted  both  here  and  elfewhere  to  difcover 
either  the  fame  or  an  equally  fuccefsful  method 
of  making  this  beautiful  fubftance.  In  1795, 
Clouet  publilhed  the  refults  of  fome  valuable 
experiments,  from  which  it  appears  that  by 
Amply  fufing  bar  iron  with  charcoal  a caft  fteel 
may  be  obtained  more  or  lefs  carburetted,  ac- 
cording to  the  proportion  of  charcoal  employed, 
and  therefore  poffeffing  at  pleafure  in  a greater 
or  lefs  degree  the  qualities  of  fufibility,  brittle- 
nefs  and  hardnefs  : he  alfo  {hawed  that  the  fame 
effeCls  may  be  produced  by  fufing  bar  iron  with 
glafs  and  charcoal,  or  the  black  oxyd  of  iron 
with  the  requifite  proportion  of  charcoal  alone, 
or  by  keeping  in  fufion  for  about  the  fpace  of 
an  hour  a mixture  of  fmall  bits  of  iron  and 
equal  parts  of  clay  and  marble  or  any  other  cal- 
careous carbonat.1  In  1 800  Mr.  Mulhet  took  out 
a patent  for  preparing  caft  fteel  of  various  qua- 
lities by  fufing  bar  iron  with  different  propor- 
tions of  charcoal,  coinciding  for  the  moft  part 
with  the  faCls  and  principles  before  laid  down  by 
Clouet,  and  confirmed  by  his  own  experiments1,® 
but  whether  the  fteel  thus  prepared  is  equal  to 
the  fineft  caft  fteel  of  Huntfman,  has  not  we 
believe  been  as  yet  compleatly  afcertained. 

Steel  is  rendered  hard  by  heating  and  then 
fuddenly  cooling  it.  The  degree  of  hardnefs 
which  it  is  capable  of  acquiring  is  in.  direct  pro- 
portion to  its  fufibility,  or  in  other  words  to 
the  quantity  of  carbon  with  which  it  is  com- 
bined ; and  the  degree  of  hardnefs  which  in 


h For  the  above  and  fome  other  practical  information  contained  in  this  article,  the  Authors  are  indebted  to  the 
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any  particular  inflance  is  adlually  given  to  it  is 
in  proportion  to  the  difference  of  temperature 
between  the  medium  in  which  it  is  heated  and 
that  in  which  it  is  cooled ; modified  however 
by  the  capacity  for  heat  and  the  conducting 
power  of  the  cooling  medium.  Thus  if  Heel  is 
heated  fomewhat  below  the  degree  at  which  it 
melts  and  then  transferred  into  oil  at  the  tem- 
perature of  200°,  the  hardnefs  thus  acquired 
will  be  inferior  to  that  which  would  have  been 
obtained  if  water,  or  ftill  more  fo  if  mercury,  at 
the  fame  temperature  had  been  made  ufe  of. 
Again,  if  inftead  of  oil  at  2oo°  the  fame  fluid  at 
40°  had  been  employed,  a greatly  fuperior  de- 
gree of  hardnefs  would  have  been  produced. 

The  hardnefs  acquired  by  this  method  has 
generally  been  thus  accounted  for.  The  par- 
ticles of  the  metal  by  being  heated  are  placed 
at  a greater  diftance  from  each  other  than  be- 
fore, and  in  proportion  as  this  heat  is  again 
abftra&ed,  the  attraction  fubfifting  between 
them  will  become  efficacious,  and  they  will  ap- 
proach nearer  to  aCtual  contaCf;  but  the  impetus 
with  which  this  takes  place  will  be  in  propor- 
tion to  the  difference  of  temperature,  and  there- 
fore when  red-hot  fteel  is  plunged  in  ice-cold 
mercury,  the  force  or  refilient  fpring  of  its  par- 
ticles will  be  greater  than  if  mercury  at  2oo° 
had  been  made  ufe  of,  and  confequently  its 
hardnefs  will  alfo  be  greater.  But  this  theory 
however  ingenious  is  oppofed  by  certain  faCts 
which  perhaps  may  be  found  more  confonant 
with  the  following  explanation  of  them. 

If  we  take  the  fpecific  gravity  of  a piece  of 
fteel  both  when  hardened  and  after  it  has  been 
foftened  by  heating  again  and  gradually  cooling, 
we  {hall  find  that  its  bulk  in  the  former  cafe  is 
greater  than  in  the  latter,  whereas  if  the  hard- 
nefs of  fteel  was  owing  to  the  rapidity  and 
energy  with  which  its  particles  collapfed  on 
cooling,  direCUy  the  reverfc  of  this  ought  to 
take  place,  the  ftate  of  greateft  hardnefs  ftiould 
be  that  of  the  greateft  fpecific  gravity.  So  in 
like  manner  we  find  to  be  the  cafe  with  glafs ; 
if  a little  of  this  in  a melted  ftate  is  dropped 
into  cold  water  it  will  prove  very  hard  and  brit- 
tle ; but  if  the  fame  piece  is  again  heated  red 
(without  however  in  any  degree  foftening  it) 
and  afterwards  allowed  to  cool  gradually,  its 
fpecific  gravity  will  have  very  notably  increafed, 
and  it  will  have  become  tough  and  elaftic.  We 
may  therefore  confider  the  hardening  of  fteel  to 
be  caufed  by  the  contemporaneous  expulfion  of 
part  of  its  heat  and  the  fixation  of  its  particles 
before  they  have  had  time  to  arrange  themfelves 
and  contradl  upon  each  other.  Hence  on  the 
VOL.  i. 


impreffion  of  any  externa!  force,  the  particles 
that  are  (truck  are  not  able  to  Aide  on  each 
others  furfaces,  and  thus  diftribute  the  impetus 
which  they  have  received  over  the  contiguous 
ones ; or  in  other  words  the  mal's  becomes 
harder  than  it  was  before,  hence  alfo  the  whole 
force  of  a blow  is  borne  by  a comparatively 
fmall  number  of  infulated  particles,  and  thefe 
entirely  giving  way  before  a degree  of  percufiion 
that  might  eafily  be  fuftained  by  the  whole  when 
combined,  thus  produce  the  quality  of  brittlenefs. 

If  highly  carburetted  fteel  is  made  nearly  as 
hot  as  it  can  bear  without  melting,  and  is  then 
plunged  in  very  cold  water,  it  is  apt  to  fly  to 
pieces,  and  even  if  this  does  not  take  place  the 
metal  is  not  applicable  to  any  ufe  in  this  ftate 
of  extreme  hardnefs,  for  the  particles  are  placed 
fo  far  afunder  that  the  whole  has  a ftrong  ten- 
dency to  become  crumbly,  and  will  not  bear  a 
fine  even  fharp  edge.  In  the  practice  of  the 
beft  manufacturers  the  hardening  heat  even  for 
files,  which  are  the  hardeft  of  all  fteel  inftru- 
ments,  is  not  greater  than  a red  vifible  by  day- 
light ; and  all  cutting  and  elaftic  inftruments 
require  to  be  much  folter.  The  various  degrees 
of  hardnefs  neceflary  for  different  articles  are 
not  however  given,  as  might  at  firft  be  fup- 
pofed,  by  the  limple  procefs  of  hardening  at  the 
requifite  temperature,  but  by  the  compound 
method  of  firft  giving  to  every  article  nearly  a 
file  hardnefs,  and  then,  by  the  fubfequent  pro- 
cefs of  tempering , reducing  the  hardnefs  to  the 
particular  degree  neceflary  for  each  article. 

Tempering  confifts  in  foftening  hardened  fteel 
by  the  application  of  a heat  not  greater  than 
that  which  was  employed  in  hardening  it ; for 
this  purpofe  it  is  gradually  heated  more  or  lefs 
according  to  the  temper  required,  and  cooled 
again  either  gradually  or  rapidly,  this  making 
no  difference,  after  which  the  fteel  is  found  to 
be  foftened  or  tempered  exactly  in  proportion 
to  the  heat  which  it  has  undergone.  While 
the  fteel  is  tempering  its  furface  difplays  a fuc- 
ceflion  of  colours  (fuppofed  to  arife  from  a com- 
mencing oxydation)  in  proportion  as  it  becomes 
more  and  more  heated,  which  the  workmen  in 
this  metal  have  ingenioufly  taken  advantage  of 
as  indicating  and  ferving  to  denominate  the 
degree  of  temper  required  for  different  articles. 
The  firft  perceptible  colour  is  a light  ftraw  yel- 
low, and  this  being  produced  by  a fmall  degree 
of  heat  indicates  the  higheft  or  hardeft  temper; 
to  this  fucceeds  a full  yellow,  then  a brown, 
afterwards  a reddifh  blue,  then  a light  blue, 
and  laftly  a full  deep  blue  pafling  into  black, 
which  being  the  other  extremity  of  the  feries 
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denotes  the  loweft  degree  of  temper  and  a 
hardnefs  only  a little  fuperior  to  what  the  piece 
of  fteel  would  have  acquired  if  when  heated 
for  the  purpofe  of  being  hardened  it  had  been 
allowed  to  cool  gradually  inftead  of  being  plung- 
ed into  a cold  liquid.  The  old  method  of  tem- 
pering, and  which  indeed  is  ftill  pra£fifed  by 
molt  manufadfurers,  is  to  lay  the  articles  on  a 
clear  coal  fire,  or  on  a hot  bar,  till  they  exhibit 
the  requifite  colour ; but  fmall  articles  which 
were  to  be  reduced  to  a blue  temper  were  com- 
monly blazed , that  is  they  were  firft  dipped  in 
oil  or  melted  greafe,  and  then  held  over  a fire 
till  the  oil  became  inflamed,  and  thus  evapo- 
rated. 

Some  particular  articles  require  a nicety  of 
temper  that  is  not  very  eafily  attained  by  truft- 
ing  merely  to  the  change  of  colour,  a circum- 
ftance  that  induced  Mr.  Hartley,  in  the  year 


1789,  to  take  out  a patent  for  a new  and  more 
accurate  method.  For  this  purpofe  a mercurial 
thermometer  graduated  as  high  as  6oo°  is  to  be 
immerfed  in  an  iron  trough  heated  by  a furnace 
or  lamp  placed  below  it  and  filled  with  fufible 
metal,  upon  the  furface  of  which  the  fteel  is  to 
be  laid,  which  may  thus  be  tempered  with  great 
accuracy  at  any  degree  of  the  thermometer  that 
the  artift  chufes.  Oil  may  be  fubftituted  to 
the  fufible  metal,  and  the  effedf  will  be  the 
fame  except  that  the  fteel  being  in  this  cafe 
tempered  beneath  the  furface  of  the  liquid,  and 
of  courfe  out  of  the  contadb  of  atmofpherical 
air,  will  not  exhibit  thofe  changes  of  colour 
which  take  place  when  the  other  methods  are 
employed.  The  following  table  (hows  the  tem- 
perature at  which  the  various  colours  make  their 
appearance. 


430°  to  450°  indicates  the  feveral  tints  of  ftraw  colour,  and  is  the  temper  for  razors  and  thofe 
inftruments  which  have  a ftout  back  fupporting  a keen  and  delicate  edge. 

470°  correfponds  with  the  full  yellow,  and  is  the  proper  temper  for  fcalpels,  pen-knives, 
and  other  fine-edged  inftruments. 

490°  indicates  the  brown  yellow,  and  is  the  proper  temper  for  lciffars  and  fmall  {hears. 

510°  indicates  the  firft  tinge  of  purple,  and  is  the  temper  for  pocket  and  pruning  knives 

530°  indicates  purple,  and  is  the  temper  for  table  and  carving-knives. 

550°  to  560°  indicates  the  different  {hades  of  blue,  and  is  the  temper  for  watch-fprings,  fwords, 
and  all  thofe  inftruments  in  which  great  elafticity  is  required. 

6oo°  correfponds  with  black,  and  is  the  loweft  degree  of  temper. 


One  great  advantage  attending  the  ufe  of  caft 
fteel  is  its  uniform  quality  : the  carbon  which 
it  contains  appears  to  be  equally  diftributed 
through  every  part  of  the  fame  mafs  in  con- 
fequence  of  the  fufion  that  it  has  undergone  : 
whereas  both  the  natural  fteel  and  the  fteel  of 
cementation  are  apt  to  contain  veins  of  iron, 
either  quite  foft  or  at  moft  very  {lightly  carbu- 
retted,  and  thus  a degree  of  imperfedtion  and 
uncertainty  is  introduced  extremely  mortifying 
to  the  artift,  and  not  unfrequently  the  occafion 
of  much  labour  in  vain.  It  is  therefore  no 
fmall  benefit  which  Mr.  Nichclfon  has  con- 
ferred on  the  workers  in  iron  and  fteel  by  pub- 
lilhing  a fimple  and  effedfual  method  of  afcer- 
tarning  whether  any  particular  bar  is  pure  iron 
or  fteel,  or  a mixture  of  both.  * The  furface 
of  the  metal  being  cleaned  with  a file  or  with 
emery  paper,  is  to  be  fpread  over  v/ith  very 
dilute  nitrous  acid,  by  which  the  iron  will  be 
diffolved,  but  the  carbon  will  remain  behind 
untouched  •,  after  therefore  the  acid  has  been 
allowed  to  adt  for  a few  minutes,  the  bar  is  to 
be  put  into  clean  water  and  moved  about  in  it 


gently,  that  both  the  refidual  acid  and  the  nitrat 
of  iron  may  be  w'afhed  away,  care  being  taken 
not  to  touch  the  furface  with  the  hand  or  any 
thing  elfe  that  may  rub  off  the  carbon.  The 
bar  thus  walhed,  if  pure  iron,  will  exhibit  an 
uniform  iron-grey  colour;  if  it  is  pure  fteel, 
the  colour  of  the  furface  will  be  black,  the  iron 
having  been  taken  up  by  the  acid  and  a thin 
coating  of  carbon  remaining;  but  if  it  is  a mix- 
ture of  iron  and  fteel  the  furface  will  be  dotted 
or  ftreaked,  thofe  parts  which  are  fteel  being  of 
a dull  black,  and  thofe  which  are  iron  exhibiting 
the  ufual  colour  and  luftre  of  this  metal. 

Steel  being  confiderably  more  expenfive  than 
iron,  it  is  cuftomary  in  making  the  larger  and 
coarfer  kinds  of  cutting  inftruments  to  form 
only  the  edge  of  fteel.  The  two  bars  of  iron 
and  fteel  are  firft  welded  together  and  after- 
wards forged  into  the  requifite  fhape  in  the 
ufual  manner.  Highly  carbonized  fteel  is  how- 
ever incapable  of  being  thus  united  to  iron,  be- 
caufe  the  fame  temperature  at  which  iron  welds 
freely  is  that  at  which  this  kind  of  fteel  enters 
into  fufion,  and  therefore  the  firft  ftroke  of  the 


* Nich,  Phil.Joon).  4to.  i.  p.  470. 
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hammer  will  entirely  fhatter  the  Heel  and  dif- 
perfe  it  about  in  fmall  fragments.  This  how- 
ever is  a difficulty  which  it  is  well  worth  while 
taking  fome  pains  to  overcome,  as  the  efficacy 
and  durability  of  inftruments  thus  compofed 
materially  depends  upon  the  goodnefs  of  the 
fteel.  The  moft  effe&ual  way  hitherto  dis- 
covered of  uniting  together  iron  and  highly 
carbonized  fteel,  is  that  publifhed  by  SirThos. 
Frankland.  The  iron  is  to  be  raifed  to  a weld- 
ing heat,  in  one  forge,  and  the  fteel  is  to  be 
made  as  hot  as  it  can  bear  without  becoming 
very  brittle,  in  another ; both  pieces  are  then 
to  be  quickly  brought  to  the  anvil  and  made  to 
adhere  together  by  gentle  hammering. 

Several  curious  pieces  of  work  are  made  of 
iron  and  fteel  welded  together,  el'pecially  the 
real  Damafcus  fword  blades,  which  are  believed 
to  be  compofed  of  flips  or  thin  rods  of  iron  and 
fteel  bound  together  with  iron  wire,  and  the 
whole  firmly  cemented  together  by  welding. 
The  properties  and  external  appearance  of  fuch 
a blade  correfpond  very  exa&ly  with  the  fup- 
pofed  mode  in  which  it  is  manufactured.  Its 
colour  is  a dull  bluifh  grey,  it  is  fcarcely  harder 
than  common  fteel  from  the  forge,  it  is  not 
eafily  bent,  and  when  bent  has  no  elafticity  to 
recover  its  original  figure  ; but  the  circumftance 
which  principally  characterizes  it  is  the  appear- 
ance of  narrow  waving  lines  not  crofting  each 
other  and  chiefly  running  from  heel  to  point ; 
they  are  ill-defined  and  about  the  thicknefs  of  a 
harpfichord  wire.  This  wavy  appearance  is  not 
produced  by  any  perceptible  indentation  of  the 
furface  but  merely  by  a flight  difference  in  the 
degree  of  polifh  or  brightnefs,  and  therefore 
may  be  at  once  diftinguiflied  from  the  falfe 
damafking  or  etching  by  which  other  fword- 
blades  are  made  to  refemble  the  genuine  Damaf- 
cus ones.  In  the  falfe  Damafcus  blades  the 
waving  lines,  called  the  •water , are  obliterated 
by  grinding,  but  in  the  real  ones,  although  the 
water  is  at  firft  imperceptible  after  grinding, 
yet  it  may  at  any  time  be  made  to  reappear  by 
rubbing  the  blade  with  lemon  juice,  no  doubt 
on  account  of  the  unequal  aftion  of  this  weak 
acid  on  a furface  compofed  both  of  fteel  and 
iron.  • 

Befides  the  varieties  of  fteel  that  we  have  al- 
ready deferibed  there  yet  remains  one  more, 
concerning  which  a few  words  will  be  neceffa- 
ry:  this  is  Wootz.k  The  fubftance  known  by 
this  name  in  India,  is  imported  into  this  coun- 
try in  the  form  of  round  flat  cakes  about  five 
inches  in  diameter  and  one  inch  in  thicknefs. 

• Nich.  Phil.  Journ.  4to.  i.  p.  469. 


When  cold  it  is  uncommonly  refractory,  nei- 
ther breaking  nor  bending  under  the  hammer. 
It  is  not  nearly  fo  jeafy  to  he  filed  as  either  bar 
or  caft  fteel  before  thefe  have  been  hardened : it 
takes  an  extremely  high  brilliant  polifh;  its 
fraCture  is  moderately  clofe,  refembling  that  of 
blifter  fteel  that  has  been  heated  and  hammered 
a little.  When  nearly  white  hot  it  is  mallea- 
ble, but  is  much  more  likely  to  crack  under  this 
treatment  than  even  caft  fteel;  it  requires  there- 
fore much  care,  labour,  and  time  to  fafhion  it 
into  any  required  fhape.  When  made  white 
hot  it  exhibits  the  glaffy  fmooth  furface  of 
welding  iron,  but  when  ftruck  very  gently  with 
a hammer,  it  cracks  in  many  places,  and  by  a 
harder  blow  is  fhivered  to  pieces.  When 
brought  to  a high  heat  and  quenched  fuddenly 
in  cold  water,  it  becomes  harder  than  at  firft, 
though  not  equally  fo  with  the  fineft  caft  fteel  in 
fimilar  circumllances;  but  on  the  other  hand,  it 
is  not  capable  of  being  fenfibly  foftened  by  an- 
nealing as  the  other  varieties  of  fteel  are.  At  a 
high  heat  it  is  fufible,  and  after  being  melted 
exhibits  a clofe  compaCt  grain,  is  confiderably 
brittle,  and  bears  a very  near  refemblance  to  caft 
fteel.  From  its  analyfis  and  other  circumftan- 
ces  it  is  confidered  by  Dr.  Pearfon  as  differing 
from  fteel  only  in  containing  a little  oxyd  of 
iron. 

§ 5.  Ccmparifon  and  analy/ts,  of  Cajl  Iron , Bar 
Iron , and  Steel. 

Notwithftanding  the  clofe  attention  of  various 
eminent  chemifts  to  this  important  fubjeCt, 
much  yet  remains  to  be  done  before  an  entirely 
fatisfaCtory  theory  can  be  formed  to  account  for 
the  different  properties  poffeffed  by  the  various 
kinds  of  iron  and  fteel.  We  fhall  endeavour  to 
fhow  in  the  prefent  feCtion  the  progrefs  that  has 
already  been  made  in  this  interefting  analyfis, 
and  fhall  then  point  out  fome  of  the  chief  diffi- 
culties that  yet  remain  to  be  overcome. 

In  all  the  varieties  of  iron  and  fteel,  the  prin- 
cipal ingredient  is  metallic  iron,  and  as  this 
metal  in  the  reguline  ftate  alone  has  the  proper- 
ty of  giving  out  hydrogen  gas  while  diffolving 
in  dilute  fulphuric  or  muriatic  acids,  the  amount 
of  inflammable  gas  thus  produced  has  been 
adopted  by  Bergman,  by  Berthollet  and  Pear- 
fon, as  upon  the  whole  the  moft  fatisfaCtory 
and  compendious  exponent  of  the  quantity  of 
reguline  iron  contained  in  any  of  the  known 
varieties  and  forms  of  this  metal.  Thus  a mix- 
ture of  equal  parts  of  reguline  and  oxydized 
iron  by  treatment  with  dilute  fulphuric  acid, 
will  produce  only  half  the  quantity  of  hydrogen 
» Pearfon  in  Phil.  Tranf.  Ixxxv.  p 334. 
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gas  that  an  equal  weight  of  pure  iron  would. 
But  this  can  be  admitted  to  be  a perfe£Uy  ac- 
curate mode  of  proceeding  only  where  the 
mixture  thus  analyzed,  contains  nothing  that  is 
foluble  in  hydrogen  gas  at  the  temperature,  and 
in  the  other  circumftances  under  which  the 
experiment  is  performed.  None  of  the  kinds  of 
manufactured  iron  is  entirely  free  from  carbon, 
and  this  acording  to  Bertholletq  is  taken  up  by 
the  nafeent  hydrogen  as  the  metal  diffolves  in 
the  acid,  whence  originates  a material  fource  of 
error,  the  quantity  of  gas  produced  depending 
not  merely  on  the  proportion  of  iron,  but  alfo 
of  carbon  in  the  mixture.  It  appears  from 
Berthol let’s  experiments  that  when  call  iron  or 
fteel  is  treated  by  dilute  fulphuric  acid,  at  a 
boiling  temperature,  in  proportion  as  the  metal 
diffolves,  a black  fpungy  matter  is  obferved 
floating  in  the  foJution : the  quantity  of  this 
increafes  till  the  procefs  is  about  half  over,  then 

Grs. 

ioo  of  grey  caft  iron  yield  with  diluted  fulphuric 
loo  of  bar  iron  made  from  the  preceding  - - 

ioo  of  Steel  from  the  preceding  - - - - - 

ioo  of  Sweedifh  bar  iron  ------- 

ioo  of  Steel  from  the  preceding  - - - - - 

ioo  of  white  call  iron  from  Eifenerz  - - - 

It  might  at  firft  be  fuppofed  that  a given 
quantity  of  hydrogen  would  increafe  in  bulk  in 
proportion  to  the  carbon  taken  up  by  it,  the 
reverfe  of  this  however  is  in  fact  the  cafe: 
therefore  if  Swedifh  bar  iron  be  confidered  as 
the  pure  ftate  of  this  metal,  reprefented  by  the 
number  114,  the  proportion  of  iron  contained 
in  an  equal  weight  of  fteel  made  from  the  fame 
will  be  more  than  106.7,  bccaufe  the  former 
number  indicates  pure  hydrogen,  but  the  latter 
carburetted  hydrogen. 

Dr.  Pearfon  on  the  other  hand,  in  his  experi- 
ments on  Wootz,  sAures  us  that  when  dilute 
fulphuric  acid  is  acting  on  fteel  at  the  common 
temperature,  a quantity  of  black  carbonaceous 
matter  is  feparated,  which  continues  to  augment 
fo  as  to  impede  the  effe£t  of  the  acid ; if  at  this 
period  a lamp  is  applied,  the  increafed  tempe- 
rature brings  on  a more  rapid  aiftion,  and  the 
black  fediment  appears  rather  to  diminifh  in 
quantity.  This  diminution  however  Dr.  P. 
attributes  only  to  the  folution  of  the  iron  with 
which  the  carbon  was  combined,  and  not  to  the 
folution  of  the  carbon  itfelf  in  the  hydrogen : for, 
fays  he,  the  gas  when  burnt  with  oxygen  pro- 
cured from  manganefe,  inflamed  like  common 

Mem.  tie  l’Acatf. 


it  begins  to  diminifh,  and  will  be  found  to  have 
entirely  difappeared  by  the  time  that  the  hft 
portions  of  iron  have  diffolved.  This  black 
matter  is  carbon,  which  being  infoluble  in  ful- 
phuric acid  or  fulphat  of  iron,  muft  necefl'ariiy 
have  been  taken  up  by  the  hydrogen.  This 
accordingly  is  found  to  be  the  cafe,  for  the  gas 
produced  requires  a greater  proportion  of  oxy- 
gen for  its  combuftion,  and  the  refult  of  the 
procefs  is  a quantity  of  carbonic  acid.  This  is 
further  confirmed  by  an  obfervation  of  Rinman’s 
that  the  inflammable  gas  arifing  from  the  folu- 
tion of  fteel,  affords  by  combuftion  more  fixed 
air  than  that  which  is  produced  from  the  folu- 
tion of  bar  iron.  From  the  numerous  experi- 
ments of  Berthollet  on  this  fubje£t,  we  have 
feledfed  the  fix  following  as  fufficient  for  our 
purpofe,  and  having  converted  the  weights  and 
meafures  into  Englifh,  it  appears  that  at  29.84 
Bar.  and  590  Fahr. 

acid  104.8  oz.  meafures  of  inflammable  gas. 

xi  1.5  do. 

108.3  do. 

1 14.  do. 

106.7  do. 

97.4  do. 

hydrogen,  and  whether  procured  by  means  of 
iron,  or  fteel,  or  wootz,  produced  only  a very 
flight  turbidnefs  with  limewater;  whereas  car- 
buretted hydrogen,  prepared  by  pafling  fleam 
through  hot  charcoal,  being  treated  in  the  fame 
manner,  rendered  the  limewater  quite  milky. 
The  proportions  of  gas  from  iron  and  fteel 
were  alfo  remarkably  lefs  than  thofe  mentioned 
by  Berthollet.  100  grains  of  wootz  by  feveral 
experiments  yielded  from  78  to  84  ounce  mea- 
fures of  gas.  100  grains  of  fteel  wire,  alfo  by 
various  experiments,  yielded  from  83  to  86 
ounce  meafures  of  gas.  100  grains  of  iron  wire 
yielded  from  86  to  88  ounce  meafures. 

How  much  foever  the  experiments  of  Berthol- 
let and  Dr.  Pearfon  differ  in  other  refpe£ls,  yet 
we  may  infer  that  Swedifh  bar  iron  contains  a 
larger  proportion  of  reguline  iron  than  the  other 
varieties  of  bar  iron,  that  fteel  contains  a fmaller 
proportion  than  bar  iron,  that  wootz  contains 
a ftiil  fmaller  proportion,  that  grey  caft  iron  is 
inferior  in  this  refpedl  to  fteel,  and  that  white 
caft  iron  is  the  leaft  pure  of  any. 

We  alfo  learn  that  the  lower  the  temperature 
is  at  which  the  folution  of  the  iron  is  made,  the 
purer  is  the  hydrogen  that  is  produced,  and  with 
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proper  care  that  the  objediions  raifed  by  Ber-  carbon  will  feparate  from  the  reft  of  the  mafs 
thollet  to  the  accuracy  of  this  mode  of  proceed-  and  rife  to  the  furface,  forming  a flaky  cruft  of 
ing,  may  be  compleatly  done  away.  plumbago  or  carburet  of  iron.  Some  however 

We  have  already  mentioned  that  almoft  all  of  the  plumbago  will  ftill  remain  inveloped  by 
the  known  varieties  of  iron  and  fteel  contain  a and  difperfed  through  the  iron,  giving  it  an  uni- 
larger  or  fmaller  proportion  of  carbon.  The  form  dark  grey  or  black  colour  if  the  proportion 
quantity  of  this  in  any  particular  fample  of  is  confiderable,  or  only  mottling  it  if  the  excefs 
metal  may  beft  be  afcertained  by  digefting  the  of  this  fubftance  is  very  flight, 
metal  in  dilute  nitro-muriatic  acid  which  will  The  adtual  proportions  of  carbon  contained 
leave  untouched  the  carbon  united  with  a little  in  the  different  kinds  of  iron  have  not  yet  been 
iron.  This  black  infoluble  refidue  being  waftied  afcertained  with  any  accuracy  either  by  analyfis 
in  warm  water  and  finally  digefted  for  a minute  or  fynthefis;  but  thus  much  appears  certain,  that 
in  weak  ammonia,  fhould  be  heated  in  a flafk  bar  iron  in  general  contains  a fmaller  quantity 
almoft  to  rednefs,  to  expel  the  water  and  any  than  the  fofter  varieties  of  fteel,  and  thefe  again 
muriat  of  ammonia  that  it  may  contain;  being  always  contain  lefs  carbon  than  the  common 
then  weighed  it  is  to  be  ignited  in  a filver  or  and  finer  caft  fteel;  that  in  the  white,  the  mot- 
platina  crucible  till  the  whole  of  the  carbon  is  tied,  the  grey,  and  the  black  varieties  of  caft 
burnt  off,  and  the  refidual  iron  is  oxydized:  iron,  the  dofe  of  carbon  is  conftantly  augmenting, 
from  the  weight  of  this  oxyd  is  to  be  deduced  in  the  laft  of  which  the  proportion  of  carbon  is 
48  per  cent,  on  account  of  the  oxygen,  and  the  probably  about  T’o-  of  the  whole, 
difference  between  the  weight  of  the  remainder  Oxygen  is  alfo  contained  in  moft  of  the  va- 
and  that  of  the  black  powder  before  ignition-  rieties  of  iron,  and  the  eftedis  occafioned  by  it 
indicates  the  amount  of  carbon.  in  the  different  procelfes  to  which  this  metal  is 

The  affinity  of  iron  for  carbon  is  pretty  con-  fubjedled,  require  more  attention  than  has  hi- 
fiderable,  though  it  is  by  no  means  capable  of  therto  been  paid  to  them.  Caft  iron  appears  to; 
decompofing  carbonic  acid  by  combining  with  be  highly  charged  with  oxygen,  and  on  this 
its  bafe,  as  Muffiet  has  clearly  fhown  in  cppofi-  account  requires  to  be  fuperfaturated  with  car- 
tion  to  the  affertion  of  Clouet.  bon  in  order  to  be  converted  with  any  economy 

The  effedis  produced  upon  iron  by  carbon  into  bar  iron.  It  may  feem  at  firft  a paradox  tcv 
are  very  remarkable.  Firft  with  regard  to  co-  maintain  the  coexiftence  of  oxygen  and  carbon' 
lour:  the  bluiffi  grey  tint  of  iron  becomes  more  in  the  fame  metallic  mafs,  efpecially  confidering 
and  more  white  in  proportion  as  it  combines  the  great  heat  to  which  it  is  expofed  in  the 
with  carbon,  till  it  pofleffes  almoft  a filvery  procefs  of  reduction,  fince  it  is  an  univerfal  and 
colour  and  luftre,  as  is  the  cafe  with  the  white  uncontroverted  fadi  that  metallic  oxyds  are  de- 
caft  iron,  in  which  ftate  the  metal  feems  to  be  compofed  by  carbon  at  a high  temperature,  the 
faturated  with  carbon.  At  the  fame  time  that  oxygen  and  carbon  uniting  together  and  being 
thefe  changes  of  colour  are  going  on,  the  ten-  diffipated  in  the  form  of  gas,  the  metallic  regu- 
dency  to  cryftallization  is  rapidly  increafing,  lus  remaining  behind.  But  when  the  roughnefs 
hence  the  fradlure  from  being  fibrous  and  of  the  fmelting  procefs  in  blaft  furnaces,  and 
hackly,  becomes  firft  compact,  then  granular,  the  large  quantity  of  materials  operated  on  at 
and  at  length  exhibits  facets  like  antimony,  once,  as  well  as  the  great  preffure  of  the  fuper- 
With  thefe  changes  the  fufibility  increafes,  and  incumbent  fcorite  are  taken  into  confideration, 
the  faculty  of  welding  diminiffies,  and  foon  we  ffiall  ceafe  to  be  furprized  at  the  apparent 
entirely  ceafes:  the  dudfility  and  malleability  anomaly.  The  exillence  of  oxygen  in  caft  iron, 
alfo  undergo  an  analogous  change,  though  not  is  manifeft  from  the  phenomena  that  accompa- 
quite  to  fo  great  an  extent:  the  hardnefs  increa-  ny  tire  operation  of  puddling  as  already  deferibed 
fes,  as  alfo  does  the  property  of  induration  by  in  a preceding  fedtion.  The  crude  iron  being 
fudden  cooling,  and  the  capability  of  being  tern-  fubjedted  to  a high  temperature,  under  a pref- 
pered.  fure  no  greater  than  that  of  the  atmofphere,  the 

Iron  however  may  not  only  be  faturated  but  oxygen  and  carbon  that  it  contains  read!  upon 
fuperfaturated  with  carbon : that  is  to  fay,  when  each  other  and  produce  carbonic  acid  and 
at  a very  high  temperature  it  will  diflolve  more  gafeous  ox  yd  of  carbon,  which  having  efcaoed, 
carbon  than  it  can  hold  in  folution  at  a lower  the  metal  is  found  reduced  to  a ftate  of  mallea- 
temperature;  and  in  confequence,  by  flow  cool-  bility.  The  fame  effedts  take  place  in  clofe 
ing  while  it  is  ftill  fluid,  a part  of  this  excefs  of  vefiels,  as  Dr.  Beddoes  has  well  fhown.1  If 
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crude  cad  iron  is  put  into  a retort,  as  foon  as 
the  veflel  and  its  contents  have  acquired  a low 
red  heat,  an  inflammable  gas  mixed  with  car- 
bonic acid  is  given  out  with  confiderable  rapidity 
(this  inflammable  gas  mull  from  the  circum dan- 
ces be  the  oxyd  of  carbon)  when  the  produc- 
tion of  gas  ceafes,  the  iron  upon  examination 
will  be  found  to  have  lod  fomewhat  of  its 
weight,  and  to  be  nearly  in  the  date  of  bar 
iron.  But  though  this  combination  of  the 
oxygen  and  carbon  of  the  crude  metal,  and  the 
conlequent  generation  of  air  takes  place  with 
great  eafe  when  the  beak  of  the  retort  is  but  jud 
dipped  under  water,  yet  if  the  preflure  amounts 
to  five  inches  of  water,  in  addition  to  the  at- 
mofphere,  the  difengagement  of  air  proceeds 
very  flowly,  and  entirely  ceafes  if  indead  of  the 
water  a Angle  half  inch  of  mercury  is  employed; 
although  upon  removing  this  obdacle  the  bub- 
bles of  air  pafs  through  as  before. 

By  the  treatment  that  cad  iron  undergoes 
during  its  converfion  into  malleable  bar  iron, 
the  greater  part  of  the  oxygen  and  carbon  is  got 
rid  of;  dill  however  a fmall  quantity  of  oxygen, 
the  fmaller  in  proportion  to  the  goodnefs  of  the 
iron,  remains.  This  is  inferred  with  much 
probability  from  the  blidered  appearance  that 
the  bars  of  iron  exhibit  after  having  been  con- 
verted into  deel  by  cementation.  Thefe  bliders 
are  manifedly  occafioned  by  the  exudation  of  a 
gas  from  the  bar,  and  this  gas  in  all  probability 
is  oxyd  of  carbon.  A further  proof  of  the 
exidence  both  of  oxygen  and  carbon  even  in 
Swedifh  bar  may  be  deduced  from  fome  intered- 
ing  experiments  by  Mr.  Mulhet.s  Having  put 
fome  pieces  of  Swedifla  bar  iron  into  an  earthen 
crucible,  with  a flux  compofed  of  marble  and 
calcined  clay,  he  obferved  fird,  that  the  earths 
melted  together  before  the  iron  fhowed  figns  of 
fufion,  and  that  while  this  latter  was  melting, 
bubbles  of  air  were  continually  rifling  from  it 
and  palling  through  the  vitrefied  flux:  this  gas 
burnt  with  a lambent  blue  flame,  and  probably 
was  gafleous  oxyd  of  carbon:  the  iron  fudained 
a notable  lofs  of  weight,  and  had  become  con- 
fiderably  fofter  than  at  fird. 

Steel  probably  is  entirely  free  from  oxygen. 

The  adlion  of  vitrefcent  earthy  mixtures 
comes  next  to  be  confidered.  It  is  certain  that 
cad  iron  contains  a very  confiderable  proportion 
of  fcorise  difFufed  through  its  fubdance,  which 
are  partly  got  rid  of  by  fubfequent  fufion,  as 
they  rile  to  the  furface  of  the  metal  being  con- 
fiderably  lighter  than  it,  while  fuch  portions  as 
dill  remain  are  got  rid  of  for  the  mod  part,  by 
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hammering  and  laminating  during  the  conver- 
fion of  the  cad  iron  into  bar.  A very  fmall 
proportion  of  fcoriae  however  is  not  unfrequently 
left  in  the  iron,  as  is  obvious  from  the  earthy 
refidue  that  fome  of  the  varieties  of  this  metal 
leave  behind  them  when  dilfolved  in  acids.  It 
is  not  yet  clearly  made  out  what  is  the  precife 
efredf  of  a little  earth  on  the  malleability  of 
iron.  Clouet  has  endeavoured  to  Ihow  ' that  it 
renders  the  iron  fofter  and  more  malleable,  but 
inclined  to  be  hot  fhort,  and  the  experiment  by 
which  he  demondrates  it  is  the  fufing  together 
of  iron  and  glafs,  by  which  the  effects  jud  men- 
tioned are  produced  upon  the  metal.  But  this 
is  precifely  the  fame  experiment  as  that  of  Mr. 
Mufhet’s  related  in  the  preceding  paragraph, 
and  M.  Clouet  having  entirely  overlooked  the 
extrication  of  gas  from  the  metal,  has  gratui- 
toufly  attributed  the  change  produced  to  a com- 
bination of  the  iron  with  a little  of  the  glafs, 
without,  as  appears,  taking  the  trouble  to  fub- 
dantiate  his  hypothefis  by  adtual  analyfis. 

Cad  iron  made  with  coak  indead  of  charcoal 
mud  neceflarily  contain  a variable  proportion 
of  fulphur,  nor  is  this  fubdance  very  likely  to 
be  entirely  diflipated  by  the  fubfequent  refining 
that  the  metal  goes  through ; and  it  appears 
from  a diredt  experiment  by  Dr.  Beddoes, 
that  iron  after  being  puddled  and  damped,  if 
treated  with  muriatic  or  fulphuric  acid,  will 
give  out  fulphuretted  hydrogen.  Bergman  has 
fhewn  that  certain  varieties  of  iron  contain 
manganefe,  and  others  phofphoric  acid.  Clouet 
has  detected  arfenic  in  fome ; and  other  che- 
mifls  have  fomewhat  obfcurely  intimated  the 
prefence  of  lead,  copper,  and  zinc,  which  is  far 
from  improbable,  as  feveral  of  the  ores  of  iron 
are  occafionally  mixed  with  galena,  copper  py- 
rites and  blende.  But  the  effe£t  of  thefe  fub- 
dances  in  fmall  quantity  on  iron  has  not  yet 
been  afcertained  by  any  experiments  that  can 
be  depended  on ; it  is  therefore  obvious  how 
much  remains  to  be  done  before  we  acquire  a 
thorough  knowledge,  even  on  pradlical  points, 
of  this  mod  important  of  all  metals. 

The  following,  in  the  prefent  date  of  our 
refearches  on  this  fubjedt,  may  be  laid  down  as 
the  eflential  charadlers  of  the  principal  forms 
under  which  iron  exhibits  itfelf.  Crude  cad 
iron  bcfides  cafual  impurities  contains  carbon, 
oxyd  of  iron,  and  vitrefied  earth.  The  difference 
between  white,  mottled,  grey  and  black  cad 
iron  depends  on  the  proportion  of  carbon,  which 
is  fmalled  in  the  white  and  greated  in  the  black. 
By  the  procefs  of  refining  or  refmelting,  mod 
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of  the  eartu  and  oxyd  of  iron  rifes  to  the  fur 
face  of  the  metal  in  the  form  of  a denfe  flag ; 
hence  the  refidual  iron  differs  from  the  crude 
pig-metal  in  containing  lefs  earth  and  oxyd..  By 
the  fubfequent  operations  the  carburet  and  oxyd 
of  iron  mutually  decompofe  each  other,  form- 
ing carbonic  acid  and  carbonous  oxyd,  by  which 
the  metal  is  freed  both  from  its  oxygen  and 
carbon.  In  this  Hate  it  forms  bar  iron,  which 
may  or  may  not  retain  a fmall  proportion  of 
vitrefied  earth,  but  which  feems  even  when 
pureft  to  hold  a little  both  of  carbon  and  oxyd. 
If  this  bar  iron  is  expofed  in  a clofe  veffel  to  a 
high  heat,  the  carbon  and  oxygen  that  it  con- 
tains (if  they  are  in  due  proportion  to  each 
other)  will  be  entirely  got  rid  of,  the  metal  will 
become  very  foft,  and  will  be  at  the  fame  time 
malleable  and  fufible.  If  the  bar  iron  inftead 
of  being  heated  by  itfelf  has  accefs  to  carbon 
either  in  the  ftate  of  charcoal  or  plumbago, 
its  oxygen  will  be  expelled  and  carbon  will 
at  the  fame  time  be  abforbed : if  the  portion 
of  this  latter  is  fmall,  the  mixture  will  partake 
of  the  properties  both  of  iron  and  fteel,  hence 
it  will  be  very  malleable  and  capable  of  being 
welded,  but  alfo  will  be  harder  than  pure 
iron,  fomewhat  more  fufible  and  fufceptible  of 
being  tempered.  By  being  united  with  a frefh 
portion  of  carbon  it  will  become  ftill  more 
fufible  and  will  lofe  its  welding  property ; it 
will  become  harder,  more  compact,  and  will 
form  the  fine  call;  fteel.  A further  portion  of 
carbon  increafes  the  brittlenefs  and  hardnefs,  fo 
as  to  render  it  incapable  of  being  wrought,  and 
its  colour  and  texture  will  approach  to  that  of 
white  caft  iron  : in  this  ftate  it  may  be  regarded 
as  faturated  with  carbon.  It  is  however  capable 
of  uniting  to  this  fubftance  even  to  fuperfatu- 
ration,  by  which  its  colour  and  texture  refem- 
bles  that  of  grey  or  black  caft  iron  •,  its  fufibility 
is  fomewhat  increafed,  but  its  hardnefs  is  fo 
much  lowered  by  this  excefs  of  carbon  as  to 
allow  it  to  be  wrought  with  eafe  by  a common 
file,  nor  can  it  be  materially  hardened  by  fudden 
cooling  or  be  tempered,  fo  that  it  is  no  longer 
in  the  ftate  of  fteel.  By  a ftill  further  cemen- 
tation with  charcoal  it  would  in  all  probability 
be  converted  into  plumbago. 

Many  chemifts  have  fuppofed  that  fuper- 
carbonized  fteel  is  the  fame  thing  as  crude  iron, 
becaufe  they  refemble  each  other  in  their  frac- 
ture and  colour  and  contain  carbon  •,  and  upon 
this  reafoning  have  been  founded  feveral  imper- 
feft  and  ineffe&ual  methods  of  applying  the 
finer  kinds  of  caft  iron  to  fome  of  the  ufes  of 
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common  caft  fteel ; but  we  have  ihown 
however  great  may  be  the  refemblance  in  fome 
points,  yet  caft  iron  effentially  differs  from  fteel 
in  containing  both  earth  and  oxyd  of  iron,  and 
therefore  cannot  be  fubftituted  for  it  with  any 
fuccefs. 

It  only  remains  to  fay  a few  words  concern- 
ing two  ftates  of  bar  iron  called  hot-Jhort  and 
cold-Jhort. 

Iron  that  is  hot-fhort  or  red-fhort  is  very  foft' 
and  dudbile  when  cold,  on  which  account  it  is 
generally  employed  in  the  manufa£lure  of  wire  ; 
it  may  alfo  be  hammered  and  welded  if  treated 
fkilfully  at  a full  white  heat,  but  when  it  has 
cooled  down  to  a cherry  red,  it  breaks  away 
before  the  hammer  and  is  diffipated  almoft  like 
fand. 

Cold-fhort  iron  on  the  contrary  is  harder  not 
only  than  hot-lhort  but  alfo  than  pure  Swedifh 
bar  iron ; it  may  be  wrought  in  the  ufual  way 
when  red  or  white  hot,  but  poffeffes  no  tough- 
nefs  when  cold ; fo  that  a large  bar  may  with 
eafe  be  broken  acrofs  by  a common  hand  ham- 
mer. 

Hot-fhort  iron  is  imagined,  rather  than  prov- 
ed, to  contain  arfenic,  to  which  its  brittlenefs 
at  a red  heat  is  fuppofed  to  be  owing. 

Cold-fhort  iron  is  fuppofed  by  Bergman  to 
derive  its  chara&eriftic  qualities  from  a portion 
of  phofphoric  acid  •,  and  it  is  certain  that  phof- 
phat  of  iron  has  been  found  in  iron  of  this 
defeription,  both  by  the  illuftrious  Swedifh 
chemift  juft  named  and  Meyer  and  Clouet. 

If  however  it  be  granted  that  hot-fhort  and 
cold-fhort  iron  refpeClively  contain  arfenic  and 
phofphoric  acid,  yet  it  muft  in  return  be  allowed 
that  thefe  qualities  appear  in  very  many  cafes 
where  there  is  no  reafon  to  fufpett  either  the 
one  or  the  other,  and  that  the  methods  by 
which  thefe  defeCts  may  be  produced  or  re- 
medied are  in  many  cafes  at  leaft  not  very 
reconcilable  with  their  fuppofed  origin. 

If  white  caft  iron,  that  is,  fuch  as  is  deficient 
in  carbon,  be  expofed  to  the  aCfion  of  a current 
of  flame  after  it  has  exhibited  its  proper  degree 
of  malleability,  it  will  pafs  into  the  ftate  of 
cold-fhort  iron,  and  its  brittlenefs  will  increafe 
in  proportion  to  the  length  cf  time  that  it  is 
thus  expofed.  u Does  it  not  therefore  feem 
probable  that  in  many  cafes  at  leaft  the  defeats 
of  cold-fhort  iron  are  occafioned  by  an  absorp- 
tion of  oxygen  ? This  however  the  advocates 
for  the  univerfality  of  Bergman’s  theory  on  this 
fubjedl  may  allow  with  perfedl  confiftency. 
They  would  fay  that  the  phofphat  of  iron 
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•originally  contained  in  the  ore  is  converted  by 
the  procefs  of  fmelting  into  phofphuret  of  iron, 
which  being  capable  of  uniting  perfectly  with 
bar  iron  and  forming  only  a very  finall  propor- 
tion of  the  whoie,  may  render  the  iron  hard 
without  materially  impairing  its  toughnefs  white 
cold:  but  when  this  iron  deprived  of  carbon  is 
expoled.at  a high  temperature  to  the  adtion  of 
the  air,  the  phofphorus  becomes  acidified,  and 
the  phofphat  of  iron  that  hence  refults  being 
incapable  of  combining  with  malleable  iron  is 
merely  difperfed  through  it,  and  mud  therefore 
tend  to  render  it  brittle.  Nor  is  the  explana- 
tion of  the  fadt  contradidled  by  the  methods 
.made  ufe  of  to  corredt  this  quality.  Rinman 
fays  that  call  iron  which  by  the  common  treat- 
ment would  yield  cold  fhort  bar,  may  be  made 
to  afford  foft  malleable  iron  by  fufing  it  with  a 
mixture  of  equal  parts  of  lime  and  fcoriae. 
Mr.  Mufhetv  fays  that  875  grains  of  cold  fhort 
iron  when  melted  by  itfelf  in  a covered  crucible 
formed  a perfedl  button  covered  by  a thin  film 
of  brown  glafs.  The  metal  weighed  only  805 
grains,  and  inflead  of  being  cold-fhort,  was 
now  found  to  have  acquired  the  oppofite  fault 
of  being  hot-fhort,  it  was  extremely  foft  and 
dudfile.  In  thefe  experiments  it  may  be  faid 
that  the  metal  being  brought  to  a Hate  of  quiet 
fufion,  the  phofphat  of  iron  either  entirely  or  at 
leaft  for  the  mofl  part  feparated  in  the  form  of 
glafs  from  the  reguline  portion.  But  as  all  the 
above  phenomena  may  be  accounted  for  equally 
well  upon  the  fuppofition  that  the  cold-fhort 
quality  is  owing  fimply  to  the  mixture  of  oxyd 
of  iron  with  the  metal,  it  would  be  ufelefs  to 
fpeculate  further  on  the  fubjedl  till  a fufficient 
number  of  accurate  analyfes  have  been  perform- 
ed to  diredt  our  inveftigations.  The  hot-fhort 
quality  appears  to  be  occafioned  by  the  admix- 
ture of  fome  fubflance  which  enters  into  fufion 
at  a low  red  heat,  and  thus  deflroys  the  tena- 
city of  the  iron  through  which  it  is  diffufed: 
hence  this  variety  of  iron  cannot  bear  the  ham- 
mer at  a red  heat,  though  when  the  temperature 
is  raifed  to  the  full  welding  point,  the  effedt  of 
this  unknown  fubflance  is  counteradled  by  the 
tenacity  which  the  particles  of  iron  then  acquire. 
This  fubflance  has  been  by  fome  fuppofed  to  be 
carbon,  but  this  is  inconfifient  with  the  extreme 
foftnefs  which  always  charadlerifes  hot-fhort 
iron:  for  the  fame  reafon  it  cannot  be  phofpho- 
rus. The  effedts  are  more  like  thofe  of  a 
metallic  body;  and  lead,  arfenic,  copper,  and 
zinc  may  be  each  fufpedled  with  almoft  equal 
probability.  In  fome  varieties  of  hot-fhort  iron, 


efpecially  thofe  made  with.coak,  the  fragility 
increafes  with  the  increafe  of  temperature,  and 
they  are  wholly  incapable  of  welding : this 
probably  arifes  from  a large  admixture  of  the 
fame  fubflance,  whatever  it  be,  to  which  the 
more  ufual  charadlers  of  hot-fhort  iron  are 
owing,  with  perhaps  a little  fulphur. 

§ 6.  Phyftcul  properties  of  Iron  and  Steel. 

Iron  whether  in  the  Hates  of  call  or  bar  iron, 
or  fleet,  is  attradlable  by  the  magnet,  and 
capable  of  acquiring  polarity,  this  lafl  property 
however  is  more  durable  and  powerful  in  Heel 
than  in  any  of  the  other  forms  of  this  metal. 

Supercarbonized  call  iron  is  of  a dark-grey 
almoft  black  colour,  has  a granular  fradlure,  is 
very  brittle,  is  more  fufible  than  the  other  kinds 
of  cafl  iron,  and  yields  without  difficulty  to  the 
file.  White  cafl  iron  is  of  a tin-white  colour,  and 
a coarfe  grained  fradlure;  it  is  brittle  but  very 
hard,  and  lefs  fufible  than  the  preceding  variety. 
The  grey  and  the  mottled  varieties  approach 
nearer  to  the  one  or  the  other  in  proportion  to 
their  colour.  The  fpecific  gravity  of  cafl  iron 
has  not  been  afcertained  with  great  exadlnefs, 
and  no  doubt  is  fubjedl  to  fome  variations: 
that  which  is  mofl  highly  carbonized  has  the 
leafl  fpecific  gravity,  nor  does  it  probably  ever 
much  exceed  7.01.  Cafl  iron  takes  impreffions 
from  moulds  with  much  more  fharpnefs  and 
precifion  than  any  other  metal:  and  when  in 
fufion  if  pieces  of  cafl  iron  are  thrown  in,  they 
will  be  obferved  to  float  on  the  furface  till  they 
melt  and  mix  indiflinguifhably  with  the  reft; 
hence  it  has  been  generally  acquiefced  in  that 
melted  call  iron  is  of  greater  fpecific  gravity 
than  when  l'olid;  contrary  to  what  takes  place 
in  all  the  other  metals.  This  however  feems  to 
be  founded  on  a mere  fallacy,  for  if  it  were 
true,  the  iron  when  poured  into  a mould  and 
beginning  to  folidify,  ought  to  fpirt  out  part  of 
the  melted  metal,  as  water  does  under  fimilar 
circumftances  when  converting  into  ice:  where- 
as on  the  contrary,  a confiderable  contradlion 
happens  which  obliges  the  workmen  who  are 
employed  in  calling  large  pieces,  to  fill  the 
runners  or  channels  into  the  mould  with  melted 
metal,  left  any  cavities  fhould  be  formed  in  the 
piece  and  thus  fpoil  it.  Further,  this  contrac- 
tion is  fo  well  known,  that  when  caftings  of 
particular  dimenfions  are  required,  the  mould  is 
ccnftantly  made  larger  than  the  pattern  by 
or  fometimes  to  allow  for  the  ffirinking. 
Now  it  is  impoffible  that  this  fhould  happen  ii 
the  fpecific  gravity  of  the  melted  metal  really 
exceeded  that  of  the  folid  metal:  how  then  does 
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it  happen  that  the  folid  wifi  float  on  the  fluid 
metal?  the  anfwer  to  this  is  not  perhaps  very- 
obvious;  but  it  may  be  remarked  that  not  only 
folid  caft  iron  but  even  bar  iron  which  is  of 
confiderably  greater  fpecific  gravity,  and  not 
only  bar  iron  but  even  lead  which  is  more  than 
half  as  heavy  again  as  call  iron,  will  float  upon 
its  furface.  But  though  caft  iron  like  all  other 
metals  fhfinks  when  it  becomes  folid,  yet  at  the 
infant  of  congealing  it  appears  to  undergo  a 
momentary  expanflon,  and  thus  takes  a remark- 
ably perfect  impreflicn  of  any  pattern  with 
which  it  comes  in  contaCl. 

Bar  iron  is  of  a blueifli  white  colour,  has  a 
fibrous  hackly  fracture,  is  malleable  both  when 
hot  and  cold,  and  is  capable  of  uniting  with 
another  piece  of  bar  iron  by  welding:  it  may  be 
drawn  into  very  fine  wire,  and  is  the  mod: 
tenacious  of  all  metals,  a wire  T'o  of  an  inch  in 
diameter  being  capable  of  fuftaining  from  450 
to  500  lbs.  before  it  breaks.  It  is  fufible,  but 
requires  for  this  purpofe  a higher  heat  than  caft 
iron.  Its  fpecific  gravity  is  fubjeCl  to  fome 
variations : that  of  common  hammered  iron, 
according  to  Dr.  Pearfon,  is  from  7.45  to  7.6: 
Swedifii  bar  iron  varies  between  7.70  and  7.78. 
It  expands  like  all  other  metals  by  heat:  the 
amount  of  its  expanfion  for  every  degree  of 
Fahrenheit’s  thermometer  between  the  freezing 
and  boiling  point  of  water,  is  equal  to 
0.0000063  58. 

Steel  is  of  a light-grey  colour  and  a fra&ure 
more  or  lefs  fine  granular:  it  is  harder  and 
jnrore  brittle  than  bar  iron  in  proportion  to  the 
quantity  of  carbon  that  it  contains;  when  {light- 
ly charged  with  this  fubftance  it  is  malleable, 
duftile,  weldable  and  elaftic,  but  when  more 
nearly  faturated  with  carbon  it  is  not  capable  of 
being  welded,  and  its  fufibility  is  increafed.  It 
may  be  hardened  by  fudden  cooling,  and  may 
afterwards  be  made  fofter  by  tempering.  Its 
fpecific  gravity  varies  much:  that  of  the  beft 
bliftered  fteel  before  hammering  is  =1:7.31,  of 
the  fame  after  hammering  =7.73:  of  very  hard 
fteel  =7.26;  of  melted  fteel  wire  =17.5;  of 
Englilh  caft  fteel  hammered,  from  7.82  to  7.91. 

§ 7.  Chemical  properties  of  Iron. 

Iron  when  heated  very  intenfely,  that  is,  to 
about  1 5 50  to  1600  of  Wedgewood,  melts,  and 
if  in  contadl  with  air,  or  only  loofely  covered 
with  the  burning  coals,  it  takes  fire  and  burns 
with  uncommon  beauty  and  brilliance,  fending 
forth  molt  dazzling  bluifh  white  fparks  to  a 
confiderable  diftance,  like  fire-works.  This  is 
eafily  {hewn  by  heating  a piece  of  thick  foft 
iron  wire  in  the  hotteft  part  of  a good  blaft 
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furnace,  and  may  conftantly  be  obferved  in  a 
blackfmith’s  forge  at  the  inftant  that  the  horfe- 
fhoe  or  any  other  piece  of  thin  iron  is  with- 
drawn to  be  removed  to  the  anvil.  Thin  iron 
confumes  very  rapidly  in  this  way,  and  falls 
down  in  a half-fufed  metallic  flag. 

The  combuftion  of  iron  takes  place  very 
rapidly  in  oxygen  gas,  forming  fome  beautiful 
experiments  as  firlt  noticed  by  Dr.  Ingenhouz. 
For  this  purpofe  fill  a flaflc  with  oxygen  gas, 
and  having  previoufly  fitted  a cork  to  it,  thruft 
a piece  of  thick  iron  wire  through,  juft  long 
enough  to  hang  down  to  the  middle  of  the  flaflc, 
and  round  this  thick  wire  make  a fpiral  coil  of 
thinner  wire  about  the  diameter  of  packthread. 
Fallen  to  the  lower  end  of  the  fpiral  a very 
fmall  piece  of  lint,  (previoufly  foaked  in  nitre 
and  dried),  which  fet  fire  to,  and  immediately 
introduce  the  whole  into  the  flaflc,  thrufting  it 
down  as  low  as  the  cork  will  permit  it.  The 
flame  of  the  lint  foon  communicates  to  the  wire 
which  kindles,  and  burns  with  great  beauty, 
and  a hilling  noife,  fending  off  bright  fparks, 
and  in  proportion  as  the  flame  travels  up  the 
fpiral  coil,  drops  of  melted  and  oxydated  iron 
fall  down,  while  hot,  and  penetrate  the  fub- 
ftance of  the  glafs,  unlefs  fome  water  is  left  at 
the  bottom. 

This  experiment  is  performed  with  rather 
more  effect  in  jars  open  at  top  and  bottom,  the 
top  opening  being  much  fmaller  and  fitted  with 
a perforated  cork.  The  melted  drops  then  do 
not  crack  the  glafs  veflel  as  in  the  former  cafe. 

Another  method  of  burning  iron  in  oxygefi, 
firft  adopted  by  Dr.  Prieftley,  is  by  throwing 
the  heat  of  a powerful  lens  on  iron  confined  in 
a glafs  jar  of  this  gas.  Gaf  iron  was  found  to 
burn  much  more  vehemently  than  hammered 
iron,  for  the  former  as  foon  as  any  portion  was 
melted  gathered  into  a round  ball,  difperfing 
into  a thoufand  directions  like  a moft  beautiful 
fire- work,  and  attended  with  a hiding  noife. 

Iron  is  alfo  readily  burnt  by  a powerful  gal- 
vanic pile,  and  with  the  fame  beautiful  appear- 
ance. 

The  refult  of  this  combuftion,  however  per- 
formed, is  a black,  brittle,  fhining,  magnetic 
oxyd. 

There  are  alfo  many  other  ways  of  oxydating 
iron,  as  this  metal  has  a very  great  tendency  to 
abforb  oxygen  and  • carbonic  acid  either  from 
the  air  or  from  any  furrounding  fubftance  capa- 
ble of  fupplying  oxygen,  particularly  water  in 
any  form. 

Hammered  iron  if  kept  at  a low  red-heat 
very  foon  becomes  rough  at  the  furface,  and 
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peels  off  into  thin  fcales  (as  every  one  muff 
daily  obferve  in  the  iron  work  about  common 
fires  and  pokers)  which  alfo  are  the  metal  oxy- 
dated  to  a low  degree,  and  therefore  (till  mag- 
netic. 

The  common  ruft  which  collects  upon  ham- 
mered iron  by  expofure  to  air  and  moifture,  and 
which  in  time  corrodes  the  thickeft  bars,  is  not 
the  fimple  oxyd,  but  a carbonated  oxyd,  or  a 
compound  of  iron,  oxygen,  carbonic  acid,  and 
water,  and  is  not  of  itfelf  magnetic  unlefs  mix- 
ed with  fragments  of  the  iron  detached  by  the 
ruffing. 

Water  affords  another  means  of  oxidating 
iron,  and  feveral  curious  circumftances  attend 
this  change.  When  the  fteam  of  water  is 
preffed  ovef  iron  kept  red  hot,  the  water  is 
decompofed  very  rapidly,  its  oxygen  pafling  to 
the  iron,  and  its  hydrogen  appearing  alone  in 
the  form  of  Hydrogen  Gas,  (as  mentioned  under 
that  article).  The  fame  change  however  will 
take  place  even  at  the  common  temperature  of 
the  air,  but  the  oxyd  will  then  be  in  the  form  of 
a black  powder,  and  will  not  exhibit  that  gloffy 
appearance  which  it  does  in  the  former  method. 
The  preparation  called  martial  ethiops  is  iron 
oxidated  by  water,  and  was  firft  made  by 
Lemery  the  younger,  in  the  following  way: 
take  any  quantity  of  clean  iron  filings,  put  them 
in  any  veffel  and  cover  them  with  water  to 
about  three  or  four  fingers  breadth,  let  them 
remain  for  a confiderable  time  (and  fpeedier  if 
kept  in  a warm  place)  frequently  ftirring  them 
up  and  fupplying  the  waftewith  frefh  water,  fo  as 
to  keep  the  iron  covered.  After  a while  bubbles 
of  hydrogen  conftantly  rife  from  the  mafs,  and 
the  veffel  becomes  full  of  a very  fine  black 
powder  which  may  be  feparated  from  the  re- 
mainder of  the  filings  by  being  ground  up  with 
water  and  poured  off  before  it  has  fubfided. 
Let  it  then  fettle,  dry  it  {lowly,  and  keep  it  in 
a well-clofed  bottle. 

This  black  powder  is  iron  in  the  firft  or  low- 
eft  ftate  of  oxydation,  or  fub-oxyd;  it  is  ftrongly 
magnetic,  but  has  a "Conftant  tendency  to  abforb 
an  additional  quantity  of  oxygen  from  the  air 
or  any  other  fubftance,  by  which  it  lofes  its 
magnetic  property,  changes  from  black  to  yel- 
low or  red,  and  acquires  very  different  chemical 
characters.  From  the  experiments  of  Prouft 
and  other  chemifts,  it  appears  that  thefe  two 
Hates  of  oxydation  of  iron  are  very  conftant  and 
uniform,  that  is  to  fay,  that  iron  has  properly 
only  two  diftinCl  modes  of  combination  with 
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oxygen,  namely  as  the  black  magnetic  fub-oxyd , 
which  is  compofed  of  about  27  of  oxygen  and 
73  of  iron;  and  the  perfeEl  oxyd  the  colour  of 
which  is  more  or  lefs  of  a red,  and  is  compofed 
of  about  48  of  oxygen  and  52  of  iron.  It  l'eems 
probable  that  there  is  no  proper  intermediate 
degree  of  oxydation  except  what  may  be  produ- 
ced by  mere  mechanical  mixture  of  various  pro- 
portions of  thefe  two  oxyds;  but  as  foon  as  any 
portion  of  the  fub-oxyd  is  in  a ftate  to  abforb 
oxygen  at  all,  it  amounts  to  the  proportion  of 
48  in  100  before  a fecond  portion  begins  to 
change:  and  vice  verfa  when  the  perfedl  oxyd 
is  reduced  to  the  fub-oxyd. 

The  preparation  of  the  black  ethiops  in  Le- 
mery’s  method  is  tedious,  and  many  attempts 
have  been  made  to  fhorten  it.  The  difficulty 
is  to  arreft  the  oxygenation  of  the  iron  at  the 
point  in  which  it  remains  as  a fub-oxyd,  for  the 
tendency  which  it  has  to  full  oxygenation  is 
very  ftrong.  This  is  much  affifted  by  heat,  and 
it  is  found  that  the  ethiops  when  expofed  to  air 
in  any  confiderable  quantity,  heats  fpontaneouf- 
ly,  and  rapidly  faturates  itfelf  with  oxygen. 
On  this  fubjeCt  Van  Monsa  relates  the  follow- 
ing curious  experiment:  having  collected  a 
quantity  of  the  black  fub-oxyd,  he  put  it  while 
wet  into'a  retort  and  heated  it  there  to  drive  off 
the  fuperfluous  water,  and  at  the  fame  time  to 
guard  againft  the  free  admiffion  of  external  air. 
When  taken  out  the  oxyd  was  of  a very  fine 
black,  but  as  foon  as  expofed  to  the  open  air,  a 
fpontaneous  motion  or  heaving  took  place 
through  the  mafs,  it  became  fo  hot  as  to  burn 
a thick  double  paper  in  contadl  with  it,  and  the* 
whole  in  a few  minutes  w'as  converted  into  the 
red  or  perfect  oxyd,  or  Saffron  of  Mars. 

Hence  the  fub-oxyd  fhould  be  dried  only  in 
fmall  quantities  and  very  gradually. 

Roover’s  procefs,b  which  is  a flight  alteration 
and  improvement  of  Lemery’s,  is  to  take  iron 
filings,  not  frefh,  but  half  rufted  by  expofure 
to  air,  moiften  them  thoroughly  with  water  and 
let  them  remain  twenty-four  hours.  This 
produces  much  black  oxyd,  which  fhould  be 
feparated  by  grinding  and  decantation  as  ufual, 
and  a frefh  affufion  of  water  will  then  produce 
another  quantity  of  black  oxyd,  which  may  be 
repeated  as  long  as  required.  The  oxyd  is  then 
boiled  for  a minute  with  water  in  an  iron  veffel, 
and  afterwards  dried  with  precaution.  It  is 
then  very  pure  and  good.  The  oxydation  of  the 
metal  is  much  affifted  if  the  water  employed  be 
{lightly  acidulated  with  muriatic  acid, 
rmacie,  p.  15 1. 
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The  fulphat  or  muriat  of  iron  precipitated  by 
ammonia  alfo  affords  a fub-oxyd  generally  mag- 
netic, which  will  be  further  mentioned. 

Another  method  of  preparing  this  ethiops 
is  by  difoxygenating  the  perfctt  oxyd.  For 
this  purpofe  put  any  quantity  in  a crucible, 
make  it  fully  red  hot,  project  on  it  a little  lin- 
feed  oil  or  white  wax,  cover  the  crucible,  and 
continue  the  heat  till  the  contents  have  ceafed 
to  fmoke.  The  carbonaceous  matter  here  takes 
away  all  the  excefs  of  oxygen,  and  what  remains 
is  the  black  magnetic  fub-oxyd  or  ethiops. 

Another  ingenious  method  propofed  by  Vau- 
quclin  of  obtaining  the  black  ethiops  is  by  heat- 
ing* flrongly  for  two  hours,  given  proportions  of 
die  red  oxyd  and  iron  filings.  The  oxygen 
then  becomes  nearly  equally  divided  throughout 
the  whole  mafs,  fo  that  the  red  oxyd  becomes 
changed  to  the  black  by  lofing  oxygen  which 
the  iron  filings  gain  in  their  converfion  to  the 
fame. 

To  convert  the  whole  into  an  ethiops  fimilar 
to  that  prepared  in  any  other  way,  (that  is  of 
which  ioo  parts  contain  27  of  oxygen)  it  will 
be  neceflary  therefore  to  take  i-j-  part  of  the 
red  oxyd  at  48  per  cent,  of  oxygen,  and  1 part 
of  iron  filings,  that  is  to  fay,  fuppofing  no  lofs 
of  oxygen,  but  that  the  whole  becomes  equally 
didributed  in  the  mafs.  After  all  however  it  is 
dill  doubtful  whether  a perfedt  chemical  mix- 
ture of  the  two  ingredients  can  be  obtained  in 
this  way. 

The  red  perfedt  oxyd  above  mentioned  is  alfo 
called  Saffron  of  Mars , or  Crocus  Martis,  and  is 
ufed  both  medicinally  and  as  a polifhing  powder. 
It  is  the  (late  in  which  iron  is  contained  in 
many  of  its  acid  folutions,  particularly  the  nitric, 
as  will  be  prefently  mentioned.  It  is  alfo  pro- 
duced by  the  calcination  of  the  black  ethiops 
with  a red-heat  in  an  open  veflel  and  with  fre- 
quent ftirring. 

None  of  the  oxyds  of  iron  are  foluble  in  pure 
water.  The  oxyd  fcarcely  melts  by  itfelf  in 
the  dronged  heat,  but  is  a powerful  flux  for  all 
earthy  mixtures.  It  parts  with  a portion  of 
its  oxygen  by  a very  intenfe  heat,  and  at  a low 
red  heat  when  in  contadt  with  carbonaceous 
matter.  It  gives  to  earthy  and  vitrefcent  mix- 
tures various  (hades  of  red,  yellow,  and  green, 
according  to  circumftances.  (See  the  article 
Glafs.J 

Iron  in  the  metallic  date  is  foluble  in  water 
impregnated  with  carbonic  acid.  This  carbonat 
is  the  form  in  which  iron  is  found  in  by  far  the 
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greater  number  of  mineral  chalybeate  waters. 
Thus  an  artificial  chalybeate  water  imitating 
that  of  Tunbridge  (for  example)  may  be  made 
(imply  by  putting  a few  iron  filings  in  a bottle 
filled  with  carbonated  water,  and  letting  it 
remain  fome  hours  with  frequent  (haking.  This 
fadt  was  fird  obferved  by  Mr.  Lane.a  If  this 
folution  be  expofed  to  the  air,  it  quickly  exhi- 
bits on  the  furface  an  iridefcent  film  confiding 
of  the  oxyd  of  iron  beginning  to  feparate.  By 
red  the  whole  of  the  iron  is  depofited  as  a 
yellowifh-red  oxyd,  which  according  to  Berg- 
man1’ amounts  to  about  Toioo  of  the  weight  of 
the  water,  that  is,  when  the  latter  originally 
contains  about  its  own  bulk  of  carbonic  acid. 
This  oxyd  is  at  fird  magnetic,  but  foon  lofes 
this  property,  owing  to  a further  abforption  of 
oxygen.  The  pure  alkalies  feparate  this  oxyd 
from  the  water  but  not  the  carbonated  alkalies, 
hence  in  many  mineral  waters,  carbonated  foda 
and  carbonated  iron  are  found  together.  It  is 
owing  to  the  fpontaneous  feparation  of  the  oxyd 
by  expofure  to  air  that  the  channels  and  refer- 
voirs  in  which  the  natural  chalybeate  waters 
flow  are  always  lined  with  a red  ochre. 

The  oxyds  of  iron  are  not  foluble  in  car- 
bonated water,  when  as  Bergman  has  obferved, 
the  carbonic  acid  has  been  procured  from  the 
calcination  of  lime  or  niagnefia,  that  is  to  fay, 
when  it  is  pure;  but  when  from  effervefcing 
fubdances  by  means  of  the  dronger  acids,  fome 
of  the  oxyd  will  be  diflolved — a convincing  proof 
that  fome  portion,  though  extremely  minute,  of 
the  difplacing  acid  is  carried  up  with  the  car- 
bonic acid  gas,  though  too  fmall  to  be  detedled 
by  common  teds. 

Carbonated  iron  is  readily  and  totally  fepara- 
ted  from  the  water  by  a boiling  heat  for  a few 
minutes,  which  affords  an  eafy  method  in  che- 
mical analyfis.  When  carbonat  of  lime  is  alfo 
contained,  mod  of  it  feparates  along  with  the 
iron.  Heating  the  water  will  alfo  difcover 
whether  the  iron  it  contains  is  held  diflolved  by 
the  carbonic  or  by  a fixed  acid ; if  by  the  former, 
the  water  will  not  drike  a purple  with  galls,  if 
by  the  latter,  this  change  takes  place  as  eafily  as 
before. 

A Angular  circumdance  has  been  remarked 
with  regard  to  fome  of  the  hot  chalybeate 
waters,  fuch  as  thofe  of  Bath  or  CarKbad,  which 
is,  that  though  when  quite  frefh  and  hot  from 
the  fpring,  they  give  a very  decided  chalybeate 
tade,  and  a flight  but  unquedionable  purpling 
with  galls,  and  blue  with  piufliat  of  potafb; 
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both  the  tafte  and  the  power  of  thefe  tells  are 
loft  as  foon  as  the  water  cools,  before  any  per- 
ceptible depofition  of  oxyd  takes  place,  and 
even  if  the  water  be  inclofed  while  hot  in  a 
well  corked  bottle,  which  it  quite  fills,  and 
therefore  without  any  obvious  lofs  of  carbonic 
acid.  In  thefe  cafes  however  there  is  always  a 
flight  ochery  depofit  on  the  Tides  of  the  bottle 
which  cannot  be  reftored  by  heating  again, 
though  with  the'  veffel  ftill  clofed.  It  is  not 
eafy  to  explain  this  circumftance,  nor  is  it  quite 
decided  whether  in  thefe  cafes,  the  folvent  of 
the  iron  is  really  the  carbonic  acid.  It  may  be 
added  that  when 1 the  quantity  of  iron  is  ex- 
tremely minute  the  molt  certain  way  of  apply- 
ing the  gall  nut  teft  is  to  fufpend  with  a firing 
a fmall  piece  of  the  nut  in  the  bottle,  and  then 
to  fill  it  with  the  water  at  the  fpring  head,  and 
let  it  remain  well  corked  for  fome  time. 

The  fulphuric  acid  aiffolves  iron,  and  forms 
the  well  known  fait  Sulphat  of  iron,  Green  vitriol , 
Green  copperas,  or  Sal  martis.  The  greater 
quantity  of  this  fait  which  is  ufed  in  manufac- 
tures of  various  kinds,  particularly  in  dyeing 
black,  is  not  prepared  from  the  direCt  combina- 
tion of  its  ingredients,  but  from  various  kinds 
of  native  fulphats  of  iron  or  pyrites  (defcribed 
in  § i of  this  article)  after  they  have  undergone 
fpontaneous  oxygenation  by  long  expofure  to 
air.  Green  vitriol  is  prepared  in  many  counties 
in  England;  the  firft  manufa£lure  of  the_  kind 
was  undertaken  in  the  reign  of  queen  Elizabeth, 
at  Deptford,  where  it  is  ftill  carried  on.c  It  is 
likewife  made  largely  in  Northumberland  and 
Durham.  The  method  of  manufacture  is  fim- 
ple,  and  fcarcely  differs  now  from  what  it  was 
more  than  a century  ago  as  defcribed  by  Ccl- 
wall.d 

The  following  is  the  procefs  aCtuallyin  ufe.e 
“ The  ufual  mode  of  manufacturing  copperas 
on  the  rivers  Tyre  and  Wear,  is  by  expofing 
“ iron  pyrites  (there  called  brajfes)  which  are 
“ found  in  the  collieries,  to  the  influence  of  the 
“ atmofphere.  For  this  purpofe  a fituation  is 
tf  chofen  inclining  towards  the  river,  of  a natu- 
“ ral  ftrong  clay.  After  the  foil  is  taken  off, 
gutters  are  cut  in  different  directions,  and 
4<  wells  of  about  5 or  6 feet  deep,  and  2 or  3 
“ in  diameter,  are  funk  where  the  gutters  ter- 
minate.  Upon  this  furface  the  brajfes  are 
“ laid  to  the  thicknefs  of  4 or  5 feet.  The 
w virriolization  {hews  itfelf  in  a white  effloref- 
“ cence,  which  is  wafhed  off  by  the  rain  into 
4<  the  gutters  and  conveyed  by  pipes  from  the 
wells  to  a refervoir,  from  which  there  is  a 


“ pipe  of  communication  to  the  boiler.  This  is 
“ a leaden  veffel  generally  about  7 feet  deep, 
“ 1 2 to  fourteen  long,  and  6 or  7 wide,  wdiere 
“ the  liquor  is  evaporated  for  6 days,  during 
u which  time  a quantity  of  old  iron  is  added  to 
“ it,  as  much  as  it  will  diflolve.  It  is  then  run 
“ into  a cryftallizing  veffel,  and  remains  there 
<£  for  five  weeks,  at  the  end  of  which  time  the 
“ mother  liquor  is  run  into  a refervoir,  and 
" pumped  back  into  the  boiler,  and  the  cryftalS 
“ are  removed,  and  after  being  w’ell  drained 
“ are  packed  in  hogfheads  for  fale.  A Tingle 
“ boiling  from  a boiler  of  the  above  dimenfions 
“ yields  from  5 to  8 tons  of  copperas,  accord- 
“ ing  to  the  ftrength  of  the  liquor.” 

Vitriol  is  made  near  Haguenau  on  the 
Rhine  nearly  in  the  fame  manner,  according  to 
the  defcription  given  by  Cavillierft  The  pyrites 
is  dilpofed  on  an  inclined  foil  in  beds  about 
two  feet  thick,  beneath  which  are  gutters  going 
to  a common  refervoir.  The  vitriolization  of 
pyrites  is  always  feen  by  whitifh  efflorefcences 
tailing  ftrongly  of  vitriol,  at  the  fame  time  that 
the  furface  of  the  pyrites  cracks  in  every  di- 
reClion.  When  the  feafon  is  dry  it  is  occa- 
fionally  watered  to  carry  off  the  vitriol  already 
formed,  and  to  promote  a frefli  vitriolization  in 
the  remaining  ore.  The  heaps  are  found  to 
be  exhaufted  when  thefe  faline  efflorefcences 
are  but  fcanty,  and  when  the  lump  when 
broken  appears  changed  throughout  into  the 
liver  pyrites. 

The  vitriolic  liquor  is  evaporated  as  ufual  in 
lead  boilers,  but  it  does  not  appear  that  old 
iron  is  regularly  added  to  faturate  the  liquor  as 
in  England,  but  only  occafionaily  when  it  ap- 
pears too  acid.  Some  of  the  mother  liquor  of 
the  former  operation  is  always  added. 

The  evaporated  liquor  before  it  paffes  into 
the  cryftallizing  pools  is  fent  to  another  bafon, 
where  it  remains  for  twenty-four  hours  to  de- 
pofit a large  quantity  of  ochre.  The  cryftalliz- 
ing pools  are  made  of  fir  planks  furrounded 
with  beaten  clay.  It  requires  ten  days  for  the 
folution  to  depofit  all  its  cryftals,  part  of  which 
is  colleCled  on  flicks  put  into  the  veffel,  but 
the  pureft  vitriol  is  depofited  the  laft.  The 
liquor  that  remains  after  the  depofition  of  the 
cryftals  (or  the  mother-water  as  fuch  liquors  are 
always  termed)  is  referved,  and  a portion  is 
always  added  to  the  boiler  in  the  next  evapora- 
tion. 

The  vitriolization  of  the  common  pyrites 
ufed  in  thefe  manufactures  is  a work  of  con- 
fiderable  time,  more  or  lefs  according  to  cir- 
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cumftances,  but  it  is  generally  feveral  months 
before  a bed  is  entirely  exhaufted.  Vitriol  is 
however  alfo  made  in  feveral  places  from  vitri- 
olic peat,  and  in  this  the  procefs  is  much  fhorter. 
A large  manufactory  of  vitriol  from  this  lource 
is  carried  on  near  Beauvais  in  France,5  thus 
dcfcribed  by  M.  Briffon. 

The  peat  in  the  neighbourhood  is  of  two 
kinds,  the  common  combuftible  peat  and  the 
vitriolic.  The  former  is,  as  in  other  countries, 
light,  fpongy,  and  full  of  vifible  remains  of 
leaves,  ltalks,  and  vegetable  fibres.  The  vitri- 
olic on  the  other  hand  is  eafily  diftinguilhcd 
by  being  heavier,  harfher,  and  crumbly.  The 
waters  that  run  from  it  alfo  depofit  much 
ochre  which  readily  detects  the  fituation.  The 
vitriolic  peat  is  not  found  uniformly  in  any 
relative  fituation  with  the  other  fpecies,  but  at 
different  depths  from  the  furface  to  about  ten 
feet. 

This  peat  is  hardly  expofed  to  the  air  before 
it  opens  of  itfelf  and  becomes  very  dry  and 
harfh,  and  foon  heats  even  in  fmall  maffes. 
To  render  the  vitriolization  more  uniform  and 
prevent  the  too  drying  effeCt  of  the  fun,  the 
peat  is  laid  in  heaps  only  three  or  four  inches 
in  thicknefs  under  fheds  thatched  with  draw, 
where  they  remain  for  a few  days,  after  which 
they  are  ready  for  lixiviation.  This  is  done  by 
throwing  the  peat  into  large  vats  of  mafonry 
and  covering  it  with  rain  water,  which  flows 
through  the  heaps  and  is  collected  for  the  pur- 
pofe,  and  alfo  with  fome  of  the  mother  water 
of  the  former  cryftallizatfon.  It  is  then  eva- 
porated and  cryftallized  in  the  method  already 
defcribed. 

In  fome  places  the  pyrites  requires  roafting 
before  it  can  be  decompofed  by  the  action  of  the 
air.  Thus  at  Geyer  in  Saxonyh  the  pyrites, 
after  being  expofed  for  fome  time  to  the  air,  is 
foaked  in  water  for  twelve  hours,  then  roafted 
as  in  the  ordinary  method  of  roafting  ores,  in  a 
large  bed  upon  faggots,  on  which  about  feventy 
or  eighty  quintals  at  a time  are  heated  red-hot, 
and  in  this  ftate  plunged  again  into  water. 
This  is  repeated  fix  times  fucceftively  with 
the  fame  pyrites,  by  which  the  water  becomes 
ftrongly  impregnated  with  vitriol  and  is  after- 
wards evaporated  and  cryftallized  as  ufual. 

A quantity  of  heat  is  always  generated  dur- 
ing the  procefs  of  vitriolization,  both  in  the 
firft  combination  of  iron  with  fulphur  and  the 
fubfequent  oxygenation  of  the  fulphur,  and 
confequent  converfion  into  fulphuric  acid,  which 
e Joura.  dc  Phyf.  tom.  4. 


enables  it  to  difl'olve  the  iron  and  form  the  ful- 
phat  required. 

The  degree  of  the  heat  produced,  and  the 
quantity  of  moifture  which  the  pyrites  re- 
ceives (by  rain  or  other  fources)  are  the  cir- 
cumftances  that  principally  peg u late  the  pro- 
duction cf  vitriol,  both  as  to  quantity  and  time 
of  its  production.  Too  much  heat  aCtualiy 
kindles  the  mafs ; the  remaining  fulphur  takes 
fire,  and  an  immenfe  quantity  of  fulphureous 
acid  vapour  is  given  off  to  a great  diftance 
around.  Where  this  takes  place  little  or  no 
vitriol  is  produced,  for  molt  of  the  fulphur  and 
acid  already  formed  is  diffipated,  and  alfo  the 
iron  becomes  too  much  oxydated  to  yield  the 
cryftallizable  fait.  Hence  it  is  dangerous  and 
prejudicial  to  make  too  large  heaps  of  pyrites  or 
to  put  it  up  into  ftacks  however  preferved  from 
the  weather.  Some  moifture  is  alfo  neceffary 
to  vitriolization,  but  too  much  of  it  keeps  the 
pyrites  too  cold  and  the  procefs  is  languid. 
The  iron  added  during  the  boiling  is  certainly 
ufeful,  both  as  faturating  the  acid  and  encreai- 
ing  thereby  the  yield  of  the  fait,  and  alfo  as 
precipitating  by  its  fuperior  affinity  any  copper 
which  may  arife  from  the  admixture  of  copper 
pyrites,  and  alfo  undergo  vitriolization.  In 
fome  manufactures  however  the  admixture  of 
a fmall  portion  of  fulphat  of  copper  is  even  an 
advantage,  as  in  the  dyeing  of  hats. 

Since  the  method  of  preparing  the  fulphuric 
acid  from  fulphur  and  nitre  has  been  univerfally 
adopted,  a part  of  the  life  of  vitriol  of  iron 
(namely  for  the  production  of  fulphuric  acid) 
has  paffed  away,  but  it  is  ftill  employed  largely 
in  the  preparation  of  nitric  acid  in  many  places 
befides  its  extenfive  ule  in  dyeing. 

Sulphat  of  iron  is  alfo  made  even  in  the- 
large  way  in  London,  by  the  direCt  combina- 
tion of  iron  and  fulphuric  acid,  which  is  found 
to  anfwer  on  the  whole  in  point  of  cheapnefs,. 
as  a purer  fait  is  obtained,  and  at  an  incompa- 
rably ftiorter  time.  Moft  of  the  fait  of  this 
kind  ufed  in  medicine  is  prepared  in  this  way. 

Iron  is  not  folubie  in  the  concentrated  fulphu- 
ric  acid  when  cold,  but  if  heat  is  applied  the 
acid  is  partially  decompofed,  fulphureous  acid 
gas  is  given  out,  and  the  oxygen  of  the  decom- 
pofed acid  paffes  to  the  metal,  and  fulphat  of 
iron  is  formed  with  the  remaining  acid.  But 
when  the  acid  is  diluted  the  folution  goes  on. 
rapidly  even  in  the  cold,  much  hydrogen  gas 
is  given  out  by  the  decompofed  water,  and 
fulphat  of  iron  is  formed  in  abundance.  Some 
h Jars  Voyages  Metal,  tom.  3. 
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heat  is  generated  in  the  procefs.  The  procefs 
often  becomes  languid  or  altogether  (tops  when 
the  quantity  of  water  is  comparatively  fmall, 
owing  to  the  fait  cryftallizing  round  the  iron 
and  encrufting  it  fo  as  to  prevent  the  acid  from 
reaching  it.  A little  heat  is  then  ufeful  to 
rediflolve  the  fait  and  faturate  the  acid  tho- 
roughly. 

All  the  common  fulphat  of  iron,  efpecially 
that  prepared  in  the  great  way  from  pyrites  is  a 
mixture  of  two  diftincft  falts,  the  nature  of 
which  was  firft  fully  (hewn  by  Prouft,  and 
which  it  is  necefiary  to  be  aware  of  to  under- 
ftand  the  chemical  changes  that  take  place  with 
this  fait  in  different  circumftances.  The  firft 
of  thefe  is  the  green  fulphat  of  iron , or  that  fait 
which  gives  the  common  fulphat  its  leading 
external  characters,  and  of  which  it  forms  by 
far  the  largeft  portion  when  frefh  made,  before 
it  has  been  expofed  to  the  air. 

The  green  fulphat  is  a very  beautiful  fait, 
when  regularly  cryftallized  forming  rhomboid 
prifms,  of  a cold  fea-green  colour,  with  a 
ftrong  ftyptic  tafte  and  fenfibly  acid  fo  as  to 
redden  litmus.  It  is  foluble  in  twice  its  weight 
of  water  at  55®,  but  in  lefs  than  its  own  weight 
of  boiling  water.1  It  is  infoluble  in  alcohol. 
It  does-  not  give  a black  colour  with  galls,  and 
with  the  pruffiated  alkalies  it  gives  a white  and 
not  a blue  precipitate.  Thefe  two  important 
fads  difcovered  by  Prouft  very  ftrikingly  diftin- 
guifh  it  from  the  common  fulphat  of  iron. 
The  pure  green  fulphat  when  decompofed  by 
the  alkalies  gives  a very  light  green  precipitate, 
but  which  fpeedily  grows  yellow  by  contad 
with  air.  This  fait  is  obtained  by  agitating 
the  common  green  fulphat  with  fulphuretted 
hydrogen  gas. 

This  fait  as  well  as  the  common  fulphat  re- 
cently made,  though  of  a pale  clear  green  at 
firft,  foon  becomes  covered  with  a yellow 
ochre  when  expofed  to  the  air.  When  the 
folution  in  water  is  alfo  kept  in  half-clofed 
bottles  it  foon  grows  turbid,  depofits  a reddifh- 
yellow  oxyd  of  iron,  which  gradually  increafes 
in  quantity,  and  at  laft  the  whole  or  nearly 
the  whole  remaining  liquor  is  changed  into 
a red  fluid,  much  more  aftringent  in  its  tafte 
than  before,  and  if  evaporated  contains  hardly 
any  cryftallizable  fait,  but  leaves  a red  deli- 
quefcent  mafs  intenfely  ftyptic.  This  faline 
fubftance  is  the  red  fulphat  of  iron  which  differs 
from  the  green  fulphat  in  many  effential  cha- 
racters, being  uncryftallizable  by  common 


means,  foluble  in  alcohol,  giving  an  immediate 
black  with  gal  is  in  any  form,  and  a deep  blue 
with,  the  prufliats. 

It  appears  from  the  experiments  of  Prouft 
and  others  that  thefe  two  falts  differ  from  each 
other  chiefly  in  the  proportion  of  oxygen  united 
to  the  iron  in  folution,  the  oxyd  of  iron  of 
the  green  fulphat  being  compofed  of  about  27 
percent,  of  oxygen  and  73  of  iron,  and  the 
oxyd  of  the  red  fulphat  containing  the  metal 
at  its  higheft  ftate  of  oxygenation,  that  is  at  48 
of  oxygen  to  52  of  iron,  as  already  mentioned 
in  defcribing  the  oxyds. 

The  green  fulphat  having  a conftant  ten- 
dency to  abforb  oxygen,  and  thus  to  be  con- 
verted into  the  red  fulphat,  molt  of  the  changes 
which  each  fait  undergoes  may  be  explained 
from  this  circumftance. 

Scheele  was  aware  that  the  precipitation  of 
the  red  oxyd  from  the  common  green  fulphat 
depended  on  the  aftion  of  the  atmofpheric  air, 
for  he  gives  it  as  a teft  to  difcover  this  air  con- 
tained in  water,  to  put  a fmall  cryftal  of  the 
pureft  green  vitriol  in  a phial  perfe&ly  full  of 
the  water,  to  be  examined,  and  to  cork  it 
clofely ; when  as  he  obferves,  it  will  be  found 
that  in  a day’s  time  a quantity  of  ochre  fedi- 
ment  will  fall  to  the  bottom,  which  will  not 
take  place  if  a fimilar  experiment  be  made  with 
diftilled  water  recently  boiled  to  purge  it  of  all 
its  air.  The  change  from  the  green  to  the  red 
fulphat  alfo  takes  place  more  fpeedily  by  the 
addition  of  the  nitric  or  oxymuriatic  acid  to 
the  former  fait,  thefe  furnifhing  the  requifite 
quantity  of  oxygen.  On  the  other  hand  the 
red  is  converted  to  the  green  fulphat  by  difoxy- 
genating  procefles,  that  is,  either  by  the  contact 
of  fulphuretted  hydrogen  in  any  form,  or  by 
adding  fome  metallic  tin,  zinc  or  mercury, 
according  to  Prouft,  all  of  which  produce  this 
partial  difoxygenation.  When  the  red  fulphat 
is  boiled  on  metallic  iron,  as  happens  when  the 
mother-water  in  vitriol-making  is  returned  to 
the  boiler,  fome  oxyd  of  iron  is  precipitated, 
and  part  of  the  remaining  liquor  is  changed  to 
the  green  fulphat  and  cryftallizes  on  cooling. 
Hence  the  economy  of  ufing  up  the  mother- 
-liquor  with  frefh  iron,  as  above-mentioned. 
Poflibly  fulphuretted  hydrogen  might  be  ufed 
-in  vitriol-making  with  advantage. 

The  red  fulphat  is  precipitated  by  the  pure 
alkalies  of  a deep  red  colour,  differing  much  in 
this  from  the  other  fait,  which  gives  a light 
pea-green  precipitated  with  the  fame.  Ammo 
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nia  partially  reduces  the  perfect  oxyd  if  dried 
in  a clofe  veffel,  and  brings  it  to  the  black  or 
magnetic  hate. 

Some  interefting  experiments  have  been 
made  by  Mr.  D.ivyk  on  the  abforption  of 
nitrous  gas  by  green  fulphat  of  iron,  a combi- 
nation which  is  found  to  be  very  valuable  in 
•Eudiometry.  The  facft  of  the  abforption  was 
firft  noticed  by  Dr.  Prieftley.  A pure  red 
fulphat  of  iron\vas  made  by  palling  oxymuri- 
atic  gas  through  a folution  of  common  green 
vitriol,  till  it  gave  only  a red  precipitate  with 
potalh.  Nitrous  gas  being  thrown  up  to  a 
■quantity  of  this  folution,  the  colour  changed  to 
a muddy  green,  but  the  abforption  was  very 
trifling. 

On  the  other  hand  a pure  green  fulphat  was 
formed  by  diflolving  iron  filings  in  dilute  ful- 
phuric  acid,  agitating  the  folution  in  contact 
with  fulphuretted  hydrogen,  and  then  boiling 
it.  This  gave  a white  precipitate  only  with 
pruiTiat  of  potafh,  and  therefore  was  unmixed 
with  any  of  the  red  fulphat.  Nitrous  gas 
being  agitated  with  this  folution,  it  foon  be- 
came of  an  olive-brown,  and  a quantity  of  the 
gas  equal  to  four  times  the  bulk  of  the  folution 
was  abforbed.  As  long  as  the  folution  remains 
cold  the  nitrous  gas  does  not  feem  to  undergo 
any  alteration  •,  but  when  heat  is  applied  a part 
of  it  is  given  out  unchanged,  but  a part  difap- 
pears,  and  at  the  fame  time  a quantity  of  red 
oxyd  of  iron  is  precipitated,  and  fome  ammonia 
is  found  in  the  folution.  No  nitric  acid  is 
formed  in  the  procefs,  and  hence  the  author 
of  the  experiments  infers  that  the  nitrous  gas  is 
decompofed,  its  oxygen  palling  to  the  iron, 
and  producing  the  red  oxyd,  and  its  azot  enter- 
ing into  the  compofition  of  the  ammonia ; and 
to  account  for  the  hydrogen,  the  other  con- 
ftituent  of  the  ammonia,  recourfe  is  had  to  the 
fuppofition  of  a concomitant  decompofition  of 
water,  whofe  oxygen  alfo  aflifts  in  the  full 
oxygenation  of  the  iron. 

- The  green  fulphat  of  iron,  according  to  Kir- 
wan  contains  in  ioo  parts,  28  of  black  or  fub- 
oxyd  of  iron  (at  27  in  100  of  oxygenation)  26 
of  real  fulphuric  acid,  and  46  of  water,  of 
which  he  ellimates  38  to  be  water  of,  cryftalli- 
zation  and  the  remaining  8 to  be  water  of  com- 
pofition. 

Green  vitriol  when  heated  melts  in  its  own 
water  of  cryltallization.  When  all  this  is 
driven  off  by  a boiling  heat,  there  remains  a 
grey  mafs  commonly  called  calcined  vitriol. 
The  fait  has  loft  only  water  by  this  firft  pro- 


cefs, as  is  proved  by  performing  it  in  a retort 
and  collecting  the  liquor  driven  off  by  the  heat. 
It  was  formerly  called  dew  of  vitriol,  and  feve- 
ral  fanciful  alchemical  properties  were  afcribed 
to  it.  If  the  calcined  vitriol  be  urged  in  a 
ftrong  heat,  and  confined  in  a porcelain  or 
luted  glafs  retort,  fulphureous  acid  gas  mixed 
with  fulphuric  acid  comes  over  and  continues  to 
do  fo  for  a confiderable  time,  till  the  fait  has 
been  for  fome  time  fully  red-hot.  What  re- 
mains is  a blood-red  mafs,  confiding  of  a per- 
fect oxyd  of  iron  with  a fmall  portion  of  ftill  un- 
decompofed  fulphat  of  iron,  which  being  now  in 
the  ftate  of  the  red  fulphat  is  deliquefcent,  and 
caufes  the  mafs  to  grow  damp  by  expofure  to  air. 
This  red  mafs  is  called  colcothar , and  is  much  ufed 
for  polifhing  metals,  glafs,  &c.  but  is  previ- 
oufly  walked  in  warm  water  to  extract  every 
thing  faline  that  remains.  If  colcothar  is  fur- 
ther urged  with  a very  intenfe  white  heat,  a 
large  quantity  of  oxygen  gas  is  given  out,  and 
an  oxyd  of  iron  is  left,  which  is  llightly  mag- 
netic, and  therefore  in  the  ftate  of  a fub-oxyd. 
Therefore  the  decompofition  of  the  fulphuric 
acid  firft  affords  a quantity  of  oxygen  to  unite 
with  the  iron  naturally  in  the  ftate  of  fub-oxyd 
in  the  fait,  and  a very  intenfe  heat  again  drives 
off  this  additional  oxygen,  and  leaves  the  iron 
nearly  as  at  firft.  Along  with  the  fulphureous 
gas  that  is  given  out  fo  abundantly  in  diftilling 
green  vitriol,  a quantity  of  a very  ftrong  fmok- 
ing  and  peculiar  fulphuric  acid  comes  over, 
which  concretes  in  the  receiver  in  long  ftriated 
rays  or  cryftals.  This  acid  from  the  place  of 
its  firft  production  was  called  fmoking  vitriolie 
acid  of  Nordhaufen.  It  is  now  found  to  be  ful- 
phuric acid  fafurated  with  fulphureous  acid  gas, 
to  which  it  owes  its  concrefcibility.  (See  Sul- 
phuric Acid.) 

The  red  fulphat  of  iron  is  generally  con- 
fidered  as  uncryftallizable,  and  to  differ  ftrik- 
ingly  in  this  refpect  from  the  green  fulphat, 
but  Mr.  Hauffmanf  gives  feveral  examples  of 
cryftals  being  formed  in  this  folution  which 
appear  to  be  this  fulphat  of  iron  in  the  higheft 
ftate  of  oxygenation.  This  accurate  chemift 
relates  that  on  mixing  together  a pour.d  of  ni- 
trat  of  iron  and  half  a pound  of  concentrated 
fulphuric  acid,  and  evaporating  the  whole  to 
drynefs  in  a porcelain  difh,  a white  infipid  re- 
fuiuum  remained,  which  on  being  left  to  itfelf 
for  fome  weeks  had  deliquefced  and  acquired 
an  aftringent  tafte.  The  deliquefced  liquid 
being  then  poured  off  and  kept  in  a glafs,  gra- 
dually depofited  beautiful  colourlefs  tranfparent 
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cryftals  refembling  alum,  which  immediately 
gave  a blue  precipitate  when  added  to  prufiiat 
of  potalh.  Thefe  cryftals  had  an  intenfely 
aftringent  tails,  became  yellowifli  in  the  air, 
and  when  diiTolved  in  water  and  heated  depo- 
fited  a yellow  ox  yd. 

The  fame  ehemift  alfo  obtained  eryilals  of 
this  fulphated  oxyd  of  iron  by  diilbiving  the 
perfect  oxyd  procured  from  the  nitrated  iron 
by  potafli  in  fulphuric  acid,  and  adding  an 
excels  of  the  acid. 

Alfo,  when  common  fulphat  of  iron  fatu- 
rated  with  nitrous  gas  or  mixed  with  nitric  acid 
js  limply  evaporated  to  the  confiftence  of  honey, 
no  cryftals  are  formed,  but  on  adding  about  a 
fixth  of  fulphuric  acid,  the  whole  becomes  a 
cOnr'ufed  cryllalline  mafs. 

Thefe  experiments  would  feem  to  {hew  that 
this  fulphated  oxyd  of  iron  requires  a greater 
excefs  of  acid  to  cryftallize  than  the  fulphated 
fub-oxyd  or  green  fulphat,  but  this  opinion  does 
not  correfpond  with  the  fa£l  that  in  the  gra- 
dual converfion  of  the  green  to  the  red  fulphat 
by  expofure  to  air  and  heat,  a large  quantity  of 
infoluble  oxyd  is  precipitated,  fo  that  the  com- 
mon folution  of  uncryftallizable  red  fulphat 
that  is  left  mull  contain  even  more  acid  pro- 
portionally to  die  iron  than  the  cryllallized 
green  fulphat. 

Further  experiments  on  this  fubjebl  are  Hill 
wanting. 

The  action  of  the  fulphureous  acid  upon  iron 
has  been  inveftigated  by  Berthollet,  and  after- 
wards by  Fourcroy2  and  Vauquelin.  When 
liquid  fulphureous  acid  is  poured  upon  iron 
filings  it  immediately  becomes  of  a deep  buff 
colour,  fome  hydrogen  gas  is  given  out,  much 
heat  is  excited,  and  the  colour  foon  changes  to 
green.  With  other  acids  the  folution  then 
gives  out  fulphureous  acid  gas,  and  at  the  fame 
time  lets  fall  a white  powder  which  is  true 
fulphur.  A large  quantity  of  the  acids  is  re- 
quired for  this.  The  nitrous  acid  feparates  the 
fulphur  as  a dudlile  mafs. 

The  folution  of  iron  in  the  fulphureous  acid, 
or  the  fulphite  of  iron,  depofits  a reddilh-yellow 
cryllallirte  powder,  of  which  when  walhed  in 
water  the  faline  part  diiTolves,  and  a refidue  is 
left  which  is  fulphur  holding  a little  iron.  This 
faline  part  is  a Ample  fulphite  of  iron,  or  one  in 
which  there  is  no  excefs  of  fulphur,  and  when 
expofed  to  the  air  it  gradually  palfes  to  the 
flate  of  fulphat  as  takes  place  with  the  alkaline 
fulphites.  The  fulphite  of  iron  does  not  give 
a black  with  galls  nor  a blue  with  the  pruffiated 
* Syfteme  de  Con.  Chem. 


alkalies,  and  hence  it  is  probable  that  the  iron 
is  in  its  loweft  Hate  of  oxygenation. 

Nitric  acid  difiblves  iron  with  extreme  vehe- 
mence wl'.en  a little  diluted  with  water,  for 
when  quite  concentrated  it  does  not  a£l  on  iron 
any  more  than  on  tin.  The  ablion  of  this  acid 
on  iron  is  attended  with  copious  red  fumes, 
confilling  chiefly  of  nitrous  gas  and  nitrous 
oxyd.  At  the  fame  time  much  ye!lowi£h-red 
oxyd  of  won  feparates,  fo  that  the  folution  is 
fenfibly  acid.  When  much  concentrated  it 
often  fuddenly  takes  a gelatinous  form.  The 
folution  at  firfl  is  of  a light  green,  but  when 
nearly  faturated  afiumes  a deep-red  colour. 
When  the  abtion  of  the  acid  is  very  powerful, 
ammonia  is  formed,  as  is  Ihewn  by  adding 
lime  to  the  folution,  which  immediately  gives 
an  ammoniacal  fmell.  This  nitrat  of  iron  is 
not  cryllallizable,  when  evaporated  to  drynefs 
it  leaves  only  a red  vifcid  mafs  very  delique- 
fcent.  It  gives  a ftrong  blue  with  the  pruffiats 
and  a black  with  galls,  and  appears  to  contain 
the  iron  therefore  in  its  highell  Hate  of  oxyge- 
nation. It  has  little  if  any  power  of  abforbing 
nitrous  gas. 

There  is  another  Hate  of  nitrat  of  iron  which 
may  be  called  nitrated  fub-oxyd  of  iron , and  is 
procured  by  digefting  flowly  and  without  heat 
a very  dilute  nitric  acid  upon  iron,  not  in  very 
fmall  divifions,  or  elfe  by  adding  lumps  of  iron 
to  the  common  folution.  In  the  latter  cafe 
much  of  the  perfebl  oxyd  falls  down,  and  the 
metallic  iron  appears  to  take  its  place.  This 
folution  of  iron  in  very  weak  acid  gives  out, 
while  forming,  but  very  little  gas  for  fome 
time,*1  and  becomes  dark-olive  brown.  When 
neutralized  by  the  alkalies  it  gives  a light  green 
precipitate.  With  galls  however  it  gives  a 
black,  and  with  the  pruffiats  a green  precipitate, 
fo  that  it  appears  to  be  a mixture  of  the  two 
fpecies  of  nitrats.  In  this  Hate  it  will  abforb 
much  nitrous  gas.  When  heated  it  palfes  to 
the  Hate  of  the  firft-mentioned  nitrat. 

Nitric  acid  will  not  difl'oive  iron  much  oxy- 
genated, and  therefore  in  chemical  analysis 
boiling  to  drynefs  a fmall  quantity  of  nitric  acid 
oft'  any  oxyd  of  iron  is  often  ufed  to  bring  it 
to  an  uniform  Hate  of  oxygenation  (in  this  cafe 
the  highell)  by  which  its  proportion  of  metal 
may  be  fairly  ellimated.  A hundred  parts  of 
this  oxyd  therefore,  when  fully  dried,  are  equi- 
valent to  52  of  metal  and  48  of  oxygen,  as 
already  repeatedly  mentioned. 

When  the  nitrat  of  iron  is  decompofed  by 
carbonated  potalh  an  excefs  of  the  alkali  re-dif- 
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felves  the  precipitate,  as  will  be  prefently  no- 
ticed. 

The  oxymuriatic  acid  oxydates  and  diflolves 
iron.  The  oxyds  of  iron  are  diffolved  by  it 
with  difficulty,  but  if  a quantity  of  the  carbo- 
nated oxyd  or  ruft  be  diffufed  in  water,  and 
oxymuriatic  acid  gas  palled  through  it,  or,  more 
fimply,  if  the  ruft  a little  wetted  be  put  on  a 
flat  difh,  and  expofed  to  the  vapour  of  this 
acid,  a folution  is  effe&ed,  and  a brown  liquor 
of  a very  flyptic  tafte  is  produced,  but  which 
Iras  not  been  much  examined. 

Muriatic  acid  diflolves  iron  and  its  oxyd  with 
great  eafe,  more  fo  than  any  other  acid,  and 
feveral  interefting  -combinations  are  produced 
thereby. 

When  this  acid  is  poured  on  iron  filings  a 
great  quantity  of  hydrogen  gas  of  a very  pecu- 
liarly foetid  fmell  is  given  out,  and  a folution 
is  effe&ed,  which  is  of  a pale-green  if  kept  ex- 
cluded from  air.  This  is  generally  turbid  at 
firlt  with  a number  of  black  fpecks,  which  are 
the  carburet  of  iron  that  this  metal  almoft 
always  contains,  and  is  infolu'ole  in  the  acid. 
This  folution  gives  a white  precipitate  with 
pruffiated  alkali,  and  a light-green  oxyd  with 
the  pure  alkalies.  It  has  a ftrongly  ftyptic  acid 
tafte.  By  evaporation  from  a veffel  with  a 
fmall  orifice,  fo  as  to  exclude  the  air  as  much 
as  poffible,  it  gives  greenifh-white  cryftals,  in- 
foluble  in  alcohol,  but  very  foluble  in  water.' 

A fimilar  variety  takes  place  in  the  muriated 
as  in  the  fulphated  iron,,  that  is,  there  are  two 
very  diftin£b  falts,  the  one  already  mentioned 
being  the  green  muriat  or  muriated  fub-oxyd  of 
iron,  and  which  by  abforption  of  oxygen  readily 
changes  to  the  red  muriat,  or  that  in  which  the 
iron  is  completely  oxygenated. 

The  green  muriat  alters  much  lefs  by  fimple 
expofure  to  air  without  heat  than  the  green 
fulphat,  but  in  time  the  colour  of  the  folution 
reddens,  and  fome  red  oxyd  of  iron  feparates. 
The  fame  takes  place  more  fpeedily  when  the 
folution  is  heated,  or  when  a few  drops  of 
nitric  or  oxymuriatic  acid  are  added.  This 
red  muriat  of  iron  is  alfo  formed  directly  by 
adding  muriatic  acid  to  the  perfect  oxyd  of  this 
metal.  It  differs  from  the  other  both  in  colour 
and  in  tafte,  -being  much  more  aftringent,  and 
in  not  being  cryftallizable,  for  when  evapo- 
rated nearly  to  drynefs  it  only  leaves  a dark 
orange-coloured  faline  magma,  foluble  in  alco- 
hol. This  folution  is  ufed  in  medicine.  With 
the  alkalies  it  gives  a red  precipitate,  and  with 
the  pruffiated  alkalies  a very  deep  blue. 
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The  fame  phenomena  take  place  with  regard 
to  the  mutual  converfion  of  the  green  and  red 
muriat  into  each  other  as  with  the  green  and 
red  fulphat,  fulphurettcd  hydrogen  changing 
the  red  to  the  green  muriat,  and  oxymuriatic 
or  nitric  acid  changing  the  green  to  the  red. 
The  green  muriat  alfo  abforbs  nitrous  gas  even 
more  rapidly  than  the  fulphat,  and  to  double 
the  extent,  giving  a very  dark-brown  folution. 
The  red  muriat  on  the  other  hand  abforbs 
fcarcely  a particle  of  the  gas. 

If  concentrated  muriatic  acid  is  heated  upon 
red  oxyd  of  iron  a little  oxymuriatic  acid  gas  is 
given  out. 

Muriatic  acid  when  heated,  always  carries 
off  with  it,  as  it  evaporates,  a fmall  portion  of 
iron,  and  to  this  is  to  be  attributed  the  colour 
of  ’common  muriatic  acid  when  made  in  the 
large  way.  If  the  faline  mafs,  that  remains 
when  common  muriat  of  iron  is  evaporated 
nearly  to  drynefs,  be  further  heated  in  a retort, 
a liquid  muriat  of  iron  fublimes,  which  on 
cooling,  concretes  into  fmall  yellow  needled 
cryftals  on  the  Tides  of  the  receiver.  If  the 
remaining  mafs  be  further  urged  with  a full 
red  heat,  a fub-muriated  oxyd  of  iron  fublimes 
which  cryftallizes  in  fix-fided  plates. 1 The 

cryftallized  muriat  is  foluble  in  alcohol,  and  i# 
the  bafis  of  fome  empiric  medicines. 

The  acetous  acid  diflolves  iron  and  its  fub- 
oxyd,  forming  a brown-red  folution  not  cryftal- 
lizable. It  has  not  been  much  examined. 
An  impure  acetite  is  ufed  very  largely  in  Dyeing 
and  Calico  printing.  It  is  made  chiefly  of  four 
beer  and  other  fubftances  that  have  undergone 
the  acetous  fermentation,  and  lately  of  the  py- 
romucous  acid  arifing  from  the  diftillation  of 
charcoal  for  the  manufacture  of  gunpowder. 

Mr.  Hauffman  in  his  memoir  on  the  forma- 
tion of  ammonia*  gives  a method  of  preparing 
the  acetited  oxyd  of  iron  highly  oxygenized  by 
adding  to  fulphat  of  iron  diflblved  in  dilute 
nitric  acid,  or  elfe  faturated  with  nitrous  gas,  a 
folution  of  acetited  lead,  fulphat  of  lead  falls 
down,  and  the  folution  contains  the  acetited 
oxyd  of  iron.  Acetited  iron  may  alfo  be  made 
more  fimply  and  elegantly  by  adding  acetited 
potafh  to  its  weight  of  common  fulphat  of  iron, 
rubbing  them  together,  which  makes  a deliquef- 
cent  mafs,  and  then  adding  warm  alcohol  to 
the  mixture.  An  acetited  iron  is  made  by 
double  decompofition,  which  alone  is  diffolved 
in  the  alcohol,  the  fulphat  of  potafh  being  left. 
This  alcoholic  folution  is  ufed  fometimes  in 
medicine,  and  is  the  Tin&ura  Ferri  Acetati  of 
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the  Dublin  Pharmacopoeia.  By  gentle  heat  the 
alcohol  evaporates  and  the  acetited  iron  is  left. 

The  phofphoric  acid  adfts  upon  iron  but 
flowly.  The  native  phofphat,  and  its  effetft  on 
the  texture  and  manufadture  of  iron  have  been 
already  deferibed.  The  phofphat  of  iron  is  in 
its  common  ftate  a fait  infoluble  in  water.  The 
obfervations  of  Fourcroy  and  Vauquelin  on  this 
fait  are  interefting.  Vauquelin  found  it  to  com- 
pofe  the  greater  part  of  the  brittle  feales  which 
rapidly  form  on  the  furface  of  iron,  and  corrode 
it  through  in  no  very  great  length  of  time,  when 
expofed  to  be  perpetually  moiftened  with  urine. 
Thefe  feales  are  much  more  bulky  than  the 
iron  which  furniffies  them,  are  very  brittle, 
full  of  knobs,  and  when  examined  clofely,  their 
frafture  prefents  a gloffy  fpathofe  femi-cryf- 
talline  texture.  Heated  in  a crucible  they 
melted  without  difficulty,  and  gave  an  uniform 
grey  metallic  button  of  a very  hard  and  clofe 
grain,  which  was  phofphat  of  iron,  and  covered 
with  a greeniffi  porous  fcoria  of  phofphat  of 
lime  holding  oxyd  of  iron. 

Phofphat  of  iron  is  alfo  prepared  by  adding  a 
folution  of  phofphat  of  potafh  or  of  foda  to  the 
fulphat,  nitrat,  or  muriat  of  iron.  A white 
precipitate  of  phofphat  of  iron  is  formed  by 
double  decompofition,  which  like  many  of  the 
other  phofphats  is  foluble  entire  in  many  of  the 
acids,  and  precipitable  thence  by  ammonia 
without  alteration. 

In  examining  the  nature  of  the  colouring 
matter  of  blood,1  the  fame  chemifts  difeovered 
another  fpecies  of  phofphat  of  iron,  namely 
with  excefs  of  bafe,  or  what  amounts  to  the 
fame,  with  a deficiency  of  acid,  and  which 
therefore  may  be  termed  a fub-phofphat  of  iron. 
If  the  calcined  refidue  of  blood,  after  all  the 
volatile  parts  have  been  driven  off  by  heat 
gradually  increafed  to  rednefs,  be  treated  with 
weak  nitric  or  muriatic  acid,  a portion  is  dif- 
folved,  the  refidue  being  left  redder  than  before. 
The  folution  faturated  with  ammonia  depofits  a 
grey  precipitate,  which  is  the  common  phofphat 
of  iron.  This  transferred  when  ftill  wet  into 
cauftic  potaffi  partly  diffolves  into  a deep  blood 
red  liquor.  The  potaffi  here  firft  deprives  the 
phofphat  of  iron  of  a portion  of  its  phofphoric 
acid  but  not  the  whole,  and  the  remainder  is 
fub-phofphat  of  iron,  which  by  diffolving  in 
the  alkaline  liquor  gives  it  the  deep  red  colour, 
fo  that  the  folution  appears  to  be  compofed  of 
phofphat  of  potaffi,  fub-phofphat  cf  iron,  and  a 
large  excefs  of  pure  potaffi.  They  alfo  find 


that  this  fub-phofphat  of  iron  diffolves  readily 
and  without  heat  in  liquid  albumen,  as  the 
white  of  an  egg  beat  up  with  water,  and  alfo 
in  the  ferum  of  blood,  (both  of  which  contain 
uncombined  foda)  and  give  them  a deep  red 
colour.  An  additional  quantity  of  alkali  height- 
ens the  colour. 

The  fuccinic  acid  forms  with  iron  a brown 
faline  mafs  infoluble  in  v/ater.  The  affinity  of 
this  acid  for  iron  appears  to  be  very  ftrong,  and 
its  infolubility  perfect,  and  hence  it  has  been 
propofed  lately  by  M.  Gehlen  as  a very  ufeful 
and  diferiminating  tell  for  this  metal  held  m 
folution  by  any  other  acid.  The  fuccinic  acid 
however  before  it  can  be  ufed  in  this  way, 
ffiould  be  faturated  with  an  alkali,  generally 
foda,  and  the  folution  to  which  the  fuccinat  of 
foda  is  applied  ffiould  alfo  be  previoufly  neutra- 
lized with  the  fame  alkali,  but  fo  as  not  to 
render  it  cloudy.  The  fulphat,  nitrat,  muriat, 
and  other  known  folutions  of  iron  are  then 
decompofed  by  the  affufion  of  the  fuccinat  of 
foda  or  ammonia,  and  a loofe  brown-red  preci- 
pitate of  fuccinat  of  iron  falls  down.  Profeffor 
Klaproth  in  ufing  this  teftm  collects  the  preci- 
pitate, ignites  it  by  itfelf  in  a covered  crucible, 
which  gives  fome  fmall  blue  flame,  owing  to 
the  deftrutftion  of  the  fuccinic  acid;  rubs  the 
calcined  refidue  with  a very  little  linfeed  oil, 
and  again  ignites  it  in  a covered  crucible, 
which  reduces  the  iron  to  the  black  magnetic 
fub-oxyd. 

The  firft  calcination  of  the  precipitate  leaves 
the  iron  in  the  fame  ftate,  fo  that  the  treatment 
with  linfeed  oil  is  only  a meafure  of  precaution. 

Dr.  Marcet  however  has  found  in  his  analyfis 
of  the  Buxton  chalybeate  water,0  that  the  fuc- 
cinat of  ammonia  is  not  fo  exclufively  a precipi- 
tant of  iron  as  has  been  fuppofed,  as  it  will 
equally  feparate  alumine  from  its  folutions,  but 
not  the  other  earths. 

The  oxalic  acid  readily  diffolves  iron  with 
effervefcence,  forming  a fweet  aftringent  folu- 
tion ;°  when  made  without  heat  it  yields  prif- 
matic  cryftals  of  a greeniffi  yellow  colour,  with 
excefs  of  acid  and  very  foluble  in  water.  When 
calcined  there  remain  45  parts  from  100,  which 
are  red  oxyd  of  iron.  The  oxyd  of  iron  is 
foluble  in  this  acid,  but  with  difficulty. 

Tartareous  acid  diffolves  iron  with  effervef- 
cence and  difengagement  of  hydrogen,  and 
forms  a red  gelatinous  mafs  which  does  not 
cryftallize.  When  this  acid  is  poured  into  a 
folution  of  fulphat  of  iron  no  precipitate  is  at 
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firft  formed,  but  on  heating  the  mixture,  ac- 
cording to  Retzius/  the  acid  unites  with  the 
portion  of  oxyd  which  is  naturally  feparated 
from  the  fulphat  by  heat,  and  lamellar  cryflals 
of  tartrited  oxyd  of  iron  are  depofited. 

Cream  of  tartar,  or  the  fuper-tartrite  of 
potafh  alfo  diflolves  iron  with  eafe,  and  this 
combination  is  well  known  in  medicine.  The 
tartarifed  iron  is  prepared  by  mixing  together 
one  pound  of  iron  filings  with  two  pounds  of 
cream  of  tartar,  and  moiflening  it  with  a pint 
of  water  and  expofing  it  to  the  air  for  a week, 
then  gently  evaporating  the  mixture  to  drynefs. 
This  gives  a brown  powder  confiding  of  cream 
of  tartar  and  oxyd  of  iron.  But  a more  per- 
fc£t  mixture  is  formed  by  boiling  together  8 
ounces  of  cream  of  tartar,  with  2 of  iron  filings 
in  about  6 pints  of  water.  The  cream  of  tartar 
diflolves  in  the  water  with  part  of  the  iron,  and 
on  cooling,  the  clear  liquor  depofits  cryflals, 
which  are  therefore  tartrite  of  potafh  and  iron. 
A further  evaporation  yields  more  of  thefe 
cryflals.  This  mafs  remaining  after  the  cryflals 
have  depofited,  is  foluble  in  alcohol,  and  forms 
the  Tartarized  TinBure  of  Iron. 

Some  other  varieties  of  thefe  preparations  are 
employed  which  need  not  be  enumerated. 

It  is  however  a property  peculiar  to  the  tar- 
tareous  acid  to  render  iron  foluble  in  cauflic 
alkali,  or  to  prevent  the  precipitation  of  iron 
from  its  folution  in  other  acids  even  by  a large 
excefs  of  alkali,  which  without  the  prefence  of 
the  tartareous  acid  would  be  immediately  depo- 
fited. So  Klaproth  in  his  analyfis  of  umber/ 
added  to  the  muriat  of  iron,  produced  by  digefl- 
ing  umber  in  muriatic  acid,  fome  tartrite  of 
potafh,  (foluble  tartar)  and  afterwards  fuperfa- 
turated  the  whole  with  cauflic  foda,  but  no 
turbidnefs  was  produced,  but  only  a clear 
brown-red  liquor.  Cauflic  ammonia  had  the 
fame  effe£l.  This  red  liquor  was  therefore  a 
compound  of  oxyd  of  iron,  tartareous  acid, 
potafh,  foda,  and  muriatic  acid,  and  (in  this 
cafe  alfo)  oxyd  of  manganefe. 

The  combination  of  the  gallic  acid  with  iron 
has  been  already  repeatedly  mentioned  in  this 
article,  and  alfo  under  Ink  and  Gallic  Acid, 
(which  fee.) 

The  difcovery  is  due  to  Proufl  of  the  circum- 
flance  that  the  fub-oxyd  of  iron,  either  as  a 
fulphat  or  a muriat  is  not  precipitated  by  galls, 
nor  in  any  degree  blackened,  hence  it  is  doubt- 
ful whether  when  gallic  acid  is  added  to  a fait 
of  this  fpecies  any  decompofition  is  effedled,  or 
whether  a gallat  of  iron  is  really  produced,  but 


colourlefs,  and  foluble  in  the  remaining  liquor. 
But  the  falts  with  the  perfedl  cxyd  are  immedi- 
ately decompofed  by  the  gallic  acid,  apd  the 
well  known  black  inky  precipitate  flowly  fe- 
parates.  This  precipitate  of  black  gallat  of  iron 
is  light  and  bulky  fo  as  to  fubfide  extremely 
flowly,  and  fcarcely  at  all  when  the  liquor  is 
thickened  by  mucilage,  as  in  common  ink. 

The  prufiic  acid  forms  with  oxyd  of  iron  one 
of  the  mofl  important  combinations,  and  one 
which  has  more  engaged  the  attention  of  che- 
mifls  than  any  other  of  the  ferruginous  falts. 
It  will  be  defcribed  under  the  article  Pnf/iat, 
(which  fee).  As  with  the  gallic  acid,  an  equal 
difference  takes  place  in  the  combination  of 
pruflic  acid  with  iron  according  to  the  degree 
of  oxygenation,  alfo  difcovered  by  Proufl.  W ith 
the  fub-oxyd,  the  precipitate  is  white,  and 
with  the  perfe£l  oxyd,  blue. 

The  falts  produced  by  the  combination  of 
the  Arfenic  acid  with  iron  have  already  been 
mentioned  in  this  article  under  the  method  of 
analyfing  the  natural  arfeniat  of  iron. 

It  appears  probable  that  all  the  acid  falts  of 
iron  are  capable  of  thefe  two  modifications,  fo 
often  mentioned,  depending  on  the  different 
flate  of  oxygenation  of  the  metal ; that  is,  ac- 
cording to  Proufl,  where  the  metal  forms  73 
per  cent  of  the  oxyd,  and  where  it  forms  only 
52. 

The  alkalies  when  cauflic  have  no  power  of 
diflolving  iron.  The  fixed  alkalies  precipitate  it 
from  its  acid  folutions  apparently  in  the  fame 
flate  of  oxygenation  in  which  it  exifled  in  the 
folution:  but  as  the  fub-oxyd  has  always  a 
flrong  tendency  to  abforb  oxygen  from  the  air, 
and  as  this  adlion  is  particularly  aflifted  by  heat 
and  moiflure,  it  generally  happens  that  the 
precipitate  in  the  ufual  courfe  of  proceeding, 
efpecially  when  heat  is  ufed,  is  in  the  flate  of 
the  perfedl  oxyd  by  the  time  it  is  thoroughly 
edulcorated  and  dried. 

But  ammonia,  on  account  of  its  ready  de- 
compofition by  mofl  metallic  oxyds,  and  the 
difoxygenating  property  of  the  hydrogen  difen- 
gaged  in  the  procefs,  when  ufed  as  a precipi- 
tant of  the  falts  of  iron  leaves  the  metal  in  the 
flate  of  fub-oxyd  when  dried  without  much 
accefs  of  air,  and  will  deoxidate  the  red  oxyd 
when  digefled  with  it  in  a flopped  bottle,  at  the 
fame  time  that  bubbles  of  azotic  gas  are  difen- 
gaged.5 

The  effe£l  of  the  tartareous  acid  in  rendering 
iron  foluble  in  the  alkalies  has  been  already 
mentioned. 
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The  carbonated  alkalies  on  the  other  hand 
diflolve  the  oxyd  of  iron  with  eafe.  This  folu- 
tion  was  firft  noticed  by  Stahl,  and  is  called 
after  this  eminent  chemift  the  Alkaline  TinElure 
of  Iron.  This  preparation  was  originally  made 
by  adding  to  nitrat  of  iron  the  oil  of  tartar  per 
deliquium , or  common  carbonat  of  potafh  deli- 
quefced  in  the  air.  The  firft  effe£l  is  to  preci- 
pitate a red  oxyd  from  the  Solution:  but  when 
the  alkali  becomes  in  exceSs,  the  oxyd  is  redif- 
folved  and  forms  a blood-red  liquor.  The 
deliquiated  carbonated  potafh  is  really  preferable 
to  a Solution  of  the  Salt  made  direftly,  as  this 
alkali  during  expoSure  to  air  abforbs  carbonic 
acid  rapidly,  and  the  power  of  difiolving  the 
oxyd  of  iron  depends  on  the  proportion  of  car- 
bonic acid  united  with  the  alkali.  Hence  the 
cryftallized  carbonat  of  potafh  is  ftill  better  for 
this  purpofe.  The  carbonats  of  Soda  and  am- 
monia are  equally  powerful  in  diflblving  the 
precipitated  oxyd,  and  not  only  the  nitrat,  but 
any  other  Salt  of  iron  will  Succeed. 

Thefe  Solutions  are  all  decompofed  by  expo- 
sure to  air,  eSpecially  affifted  by  heat,  owing  to 
the  efcape  of  the  carbonic  acid.  They  are 
alfo  decompofed  both  by  the  Stronger  acids,  and 
by  the  alkalies  in  a cauftic  State,  the  former  aft 
by  Saturating  the  excefs  of  carbonated  alkali 
and  driving  off  the  carbonic  acid,  the  latter 
Simply  by  abforbing  So  much  carbonic  acid  that 
the  quantity  contained  in  the  whole  Solution  is 
not  Sufficient  to  hold  the  oxyd  of  iron  diflolved. 
The  Alkaline  Tincture  decompofed  by  nitric 
acid  added  gradually  So  as  not  to  pafs  the  point 
of  Saturation,  depofits  the  red  oxyd  of  iron 
which  made  in  this  manner  was  called  Stahl’s 
Aperitive  Saffron  of  Mars.  An  excefs  of  the  acid 
redifl'olves  the  precipitated  oxyd. 

Many  of  the  neutral  Salts  aft  powerfully  on 
iron,  forming  combinations,  Some  of  which  have 
been  noticed  by  chemifts. 

If  one  part  of  clean  iron  filings  be  rubbed 
with  two  or  three  parts  of  nitre,  and  the  mix- 
ture thrown  by  Spoonfuls  into  a clear  cru- 
cible made  fully  red-hot,  the  mixture  burns 
with  great  brilliance,  throwing  out  numerous 
bright  Sparks  that  have  a very  Sinking  effect. 
This  combination  is  ufed  in  Some  fire-works. 
After  the  deflagration  is  over  there  remains  a 
half-£ufed  mafs  confiding  of  the  iron  reduced  to 
the  Slate  of  red  oxyd  and  difFufed  but  not  dif- 
folved  in  a Saline  mafs  Strongly  deliquefeent. 
This  fait  is  the  alkali  of  the  nitre  in  a cauftic 
date.  If  warm  water  is  poured  on  the  mafs, 
the  alkali  readily  diffolves,  leaving  a red  oxyd  of 
iron  in  a pulverulent  Slate.  This  oxyd  is 


Zwefer’s  Saffron  of  Mars.  If  the  iron  is  more 
than  will  engage  all  the  acid  of  the  nitre,  Some 
of  it  will  remain  metallic,  if  the  nitre  be  in 
excefs,  the  lixiviated  Saline  Solution  will  contain 
Some  undecompufed  nitre  together  with  the 
cauftic  potafh. 

Iron  readily  decompofes  muriat  of  ammonia 
when  afffled  by  heat,  though  on  the  other  hand 
ammonia  precipitates  the  muriat  of  iron.  When 
equal  parts  of  iron  filings  and  fal-ammoniac  are 
intimately  mixed  together  and  heated,  the  de- 
composition is  very  considerable,  much  of'  the 
muriatic  acid  unites  with  the  iron,  much  of  the 
ammonia  flies  off  in  the  form  of  gas,  or,  if  the 
experiment  be  made  with  a retort  and  receiver, 
part  of  the  volatile  alkali  condenfes  with  the 
water  of  the  fait  in  the  receiver.  But  a por- 
tion of  the  Sal-ammoniac  efcapes  decomposition 
and  Sublimes  at  a Sufficient  heat  in  its  ufual 
form.  But  as  muriat  of  iron  is  alfo  partly 
volatile  when  heated,  Some  of  this  latter  alfo 
rifes  in  intimate  combination  with  the  volatilized 
muriat  of  ammonia,  and  the  Salt  that  concretes 
is  therefore  a mixture  of  the  muriats  of  ammo- 
nia and  iron,  but  generally  with  the  former  in 
much  greater  proportion.  The  iron  alfo  muff 
be  oxydated  before  it  can  become  Soluble  in  the 
muriatic  acid,  and  this  is  doubtlefs  effefted  by 
the  previous  decomposition  of  the  water  of 
cryftallfzation  of  the  Sal  ammoniac,  and  hydro- 
gen gas  is  aftually  found  mixed  with  the 
ammoniacal  gas  during  the  Sublimation. 

This  Salt  is  much  ufed  in  medicine,  and  is 
called  Martial  Flowers  or  Ferrum  Arnmoniacale . 
As  the  objeft  in  the  preparation  of  it  is  to 
decompofe  the  muriated  ammonia  as  little  as 
poffible,  only  a Small  quantity  of  iron  Should  be 
ufed,  the  leaft  proportions  being  about  16  parts 
of  muriated  ammonia  and  one  of  iron  filings. 
Thefe  are  mixed  together  and  put  into  a Sub- 
liming veffel,  and  a heat  applied  gradually 
increafed  to  rednefs.  Some  ammoniacal  and 
hydrogen  gaffes  are  given  cut,  and  a quantity  of 
cryftallized  martial  flowers  is  found  concreted 
at  the  upper  part.  This  Salt  is  of  a reddifh 
yellow,  and  Somewhat  deliquefeent,  both  which 
properties  are  owing  to  the  prefence  of  muriated 
iron.  When  the  quantity  of  iron  filings  is 
increafed,  more  ammonia  is  given  out,  and  of 
courfe  lefs  of  the  Sublimed  Salt  is  yielded,  but 
on  account  of  the  greater  proportion  of  muriat 
of  iron  produced,  the  Sublimed  Salt  is  redder  and 
more  deliquefeent.  The  proportions  of  iron 
and  fal-ammoniac  preferibed  in  the  London 
pharmacopoeia  are  one  of  the  former  and  two  of 
the  latter.  It  is  an  inconvenience  of  this  pre- 
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paration  that  it  is  not  of  itfclf  uniform  in  the 
dote  of  iron,  as  the  quantity  of  muriat  of  iron 
which  rifes  in  the  fublimation,  is  conftantly 
increafing.  This  inequality  is  remedied  by 
mixing  the  firft  entire  fublimate  with  the  refidue 
and  again  fubliming,  and  afterwards  mixing  the 
whole  fublimcd  fait  uniformly  by  triture. 

Iron  when  oxydated  decompofes  muriat  of 
ammonia  more  eafily  than  when  in  the  reguline 
ftate,  and  the  martial  flowers  are  fometimes 
made  by  mixing  equal  weights  of  the  red  oxyd 
and  muriated  ammonia,  and  fubliming/  Much 
ammoniacal  gas  efcapes,  but  part  alfo  of  the 
muriat  of  ammonia  rifes  undecompofed,  and 
mixed  with  the  muriat  of  iron  in  the  form  of 
the  martial  flowers. 

In  both  thefe  precedes  a mafs  of  muriat  of 
iron  remains  in  the  bottom  of  the  fubliming 
vefiel  after  the  fublimation  is  finifhed. 

lion  unites  to  fulphur  with  great  eafe  and 
in  feveral  proportions.  The  fulphuret  of  iron 
is  commonly  made  by  melting  together  equal 
parts  of  fulphur  and  iron  filings  in  a covered 
crucible,  with  a moderate  red  heat,  which 
proves  fufficient  for  perfect  fufion,  and  the  re- 
fult  is  a metallic,  tinning,  grey-black  mafs,  very 
hard  and  brittle.  Another  and  (till  Ampler  me- 
thod is  to  make  a piece  of  thick  iron  wire  or  any 
other  bar  iron  white  hot,  to  take  it  out  of  the  fire 
and  immediately  prefs  a roll  of  fulphur  upon 
the  heated  parts,  whereby  the  two  will  inftantky 
combine  and  fall  in  drops  of  black  fulphuret 
into  water  placed  beneath. 

’ When  the  fulphur  and  iron  filings  are  heated 
together,  as  foon  as  they  become  red  hot  the 
combination  takes  place  with  fudden  rapidity, 
and  the  evolution  of  great  heat  and  flame,  even 
without  the  accefs  of  external  air.  The  like 
happens  when  iron  filings  are  heated  red  hot  in 
a retort  or  clofe  vefiel,  and  fulphur  dropped 
upon  them,  an  incandefcence  immediately  takes 
place,  as  was  remarked  by  the  antient  chemifts, 
and  the  black  fulphuret  is  produced.  The  black 
oxyd  will  alfo  combine  with  fulphur  when 
heated  with  it  in  a clofe  vefiel,  but  with  much 
more  difficulty  than  metallic  iron  does. 

Sulphur  and  iron  filings  will  alfo  chemically 
unite,  and  during  their  combination  give  out 
much  heat.  If  equal  parts  of  the  two  be  well 
mixed,  and  moiftened  with  water  to  a party  con- 
fiftence,  and  expofed  to  the  air,  the  mafs  foon 
heats,  fwells,  cracks  in  every  direction,  evolves 
fulphuretted  hydrogen,  and  if  the  mafs  be  about 
five  or  fix  pounds  of  each  ingredient,  the  gas 
lakes  fire,  as  during  the  vitriolization  of  pyrites. 

‘ I’harm.  Edin. 


This  aCtual  combuftion  appears  to  have  beeft. 
firft  obferved  by  Lemery  the  elder,  who  attribu- 
ted the  explofion  of  volcanoes  to  this  caufe,  and 
fucceeded  in  forming  fomething  like  a volcano 
in  miniature,  by  burying  a large  quantity  of  the 
materials  a foot  or  two  underground.  Beaume 
deferibes  the  phenomena  of  this  combination 
with  his  ufual  accuracy,  and  upon  a very  large 
quantity.11 

One  hundred  pounds  of  iron  filings  and  as 
much  fulphur  in  powder  were  mixed,  moiften- 
ed, and  put  into  an  iron  pot.  About  fix  hours 
after,  a fmall  quantity  of  water  oozed  out  from 
the  ipafs,  which  had  a vitriolic  tafte;  in  five 
hours  the  mixture  fwelled  and  cracked  in  every 
direction,  and  began  to  heat,  and  fend  forth  an 
aqueous  vapour,  which  gradually  increafed  du- 
ring ten  hours  more,  when  the  whole  {teamed 
fo  ftrongly  that  the  pot  could  hardly  be  diftin- 
guifhed,  and  the  vapour  then  acquired  a very 
itrong  fetid  fmell  of  fulphur;  after  which  it 
took  fire  and  burnt  with  a flame  about  a foot  in 
height  for  two  or  three  minutes,  and  gave  out 
a fulphureous  fmell,  leaving  the  mafs  glowing 
hot,  which  continued  to  burn  with  frequent 
fparkling  for  forty  hours  longer.  In  this  opera- 
tion the  principal  part  of  the  phenomena  muft 
be  aferibed  to  the  decompofition  of  water  by  the 
fulphuret  of  iron,  as  foon  as  formed,  whence 
the  production  of  the  hydrogen  holding  part 
of  the  fulphur  in  folution  : the  oxygen  of  the 
water  unites  partly  to  the  iron  and  partly  to 
the  fulphur,  fo  that  the  feveral  products  are 
fulphuretted  hydrogen,  fulphuret  of  iron,  and. 
finally  fulphat  or  fulphite  of  iron,  which  again,, 
if  the  heat  be  very  ftrong,  is  in  its  turn  decom- 
pofed,  as  in  the  calcination  of  common  green 
vitriol,  and  at  laft  only  a red  oxyd  of  iron  is  left. 
The  mixture  of  iron  filings  and  fulphur  appears 
to  begin  its  oxygenation  by  abforbing  this  prin- 
ciple from  the  air,  whence  it  forms  a very  good 
eudiometer,  as  deferibea  under  that  article; 
and  by  this  the  diftinCt  exiftence  of  the  oxygen 
of  the  atmofphere  was  firft  difeovered  by  the 
illuftrious  Scheeie;  for  the  abforption  of  atmo- 
fpheric  oxygen  from  any  confined  portion  of  air 
by  this  mixture  takes  place  before  the  evolution 
of  hydrogen.  If  the  quantity  of  materials  be 
fmall,  and  the  heat  produced  be  only  moderate, 
the  refidue  after  all  mutual  aCtion  has  ceafed, 
is  a black  fulphuret  of  iron,  capable  of  yielding 
much  fulphuretted  hydrogen  with  acids,  and 
mixed  with  fome  fulphat  of  iron  that  may  be 
feparated  by  lixiviation. 

It  has  been  a queftion  in  what  ftate  the  iroa 

* Chym.  Exper.  tom.  a. 
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exifts  in  the  perfeft  fulphuret  made  artificially 
by  fufion  as  well  as  in  the  natural  pyrites. 
By  the  valuable  refearches  of  Prof.  Proud, v cor- 
roborated by  thofe  of  Mr.  Hatchett, w it  ap- 
pears to  be  fatisfadtorily  determined,  that  the 
iron  is  abfolutely  or  very  nearly  in  the  metallic 
(late,  or  in  other  words,  that  the  fulphuret  of 
whatever  kind  is  compofed  fimply  of  iron  and 
fulphur. 

Another  important  fa£t  alfo  afcertained  by 
Prouft  is  the  exidence  of  two  very  diftindt 
fpecies  of  fulphurets,  the  one  with  a larger,  the 
other  with  a fmaller  proportion  of  fulphur,  the 
latter  of  which  may  therefore  be  termed  for  the 
prefent  the  fub -fulphuret,  and  the  former  the 
fuper-fulphuret.  This  didindiion  is  confirmed, 
and  feme  other  valuable  obfervations  are  added 
.by  Mr.  Hatchett  in  the  paper  above  quoted. 
The  didindfion  particularly  applies  with  accu- 
racy to  the  natural  fulphurets,  of  which  the 
different  varieties  of  common  unmagnetic  pyri- 
tes are  the  fulphurets  with  excefs  of  fulphur; 
and  the  magnetic  pyrites  defcribed  by  Mr. 
Hatchett  is  the  natural  fub-fulphuret  as  already 
mentioned  when  treating  of  the  ores  of  iron. 
The  artificial  compounds  too  in  fome  degree 
follow  the  fame  tendency  to  unite  with  deter- 
minate dofes  of  fulphur,  poffefling  refpedtively 
peculiar  chemical  properties,  but  with  lefs  ac- 
curacy than  the  natural,  fince  indeterminate 
degrees  of  fulphuration  of  iron  may  be  artifi- 
cially procured. 

Several  of  the  experiments  of  the  two  emi- 
nent chemids  here  mentioned  deferve  particular 
notice.  It  may  be  premifed  that  the  great 
chemical  difference  between  the  two  fpecies  is 
that  the  fuper-fulphuret  (the  common  pyrites 
when  natural)  is  not  magnetical,  is  nearly  info- 
luble  in  muriatic  or  fulphuric  acid,  and  efpe- 
cially  gives  no  fulphuretted  hydrogen  by  the 
action  of  thefe  acids;  whereas  the  fub-fulphuret 
(the  magnetic  pyrites  when  native)  is  obedient 
to  the  magnet,  and  readily  diffolves  in  thefe 
acids,  with  copious  evolution  of  very  pure 
fulphuretted  hydrogen.  Both  the  natural  and 
artificial  fub-fulphuret  may  be  converted  to  the 
fuper-fulphuret  by  an  additional  dofe  of  fulphur; 
and  vice  verfa,  the  fuper-fulphuret  changed  to 
the  fub-fulphuret  by  taking  away  the  excefs  of 
fulphur. 

Prof.  Proud  gives  the  following  experiments', 
a mixture  of  iron  filings  and  fulphur  (at  random 
-quantities)  was  heated  moderately  in  a retort,  to 
procure  the  black  fulphuret  for  the  ufe  of  the 
laboratory,  to  obtain  fulphuretted  hydrogen  gas. 

' Jour,  de  Phyf.  tom.  53  and  54. 


This  appearing  to  be  not  fufficiently  charged ! 
with  fulphur,  was  heated  again  with  a freftt 
quantity,  keeping  the  crucible  in  a red  heat,  but 
not  equal  to  the  fufion  of  the  materials.  But  on 
treating  the  fulphuret  thus  obtained  with  an 
acid,  he  was  furprifed  to  find  no  fulphuretted 
hydrogen  given  out.  Comparing  this  circum- 
dance  with  the  well  known  fadl  that  common 
pyrites  gives  no  gas  with  acids,  nor  is  foluble 
in  them  till  it  is  partially  defulphuretted  by 
roading,  it  appeared  obvious  that  there  exided 
at  lead  two  difiindi  dates  of  fulphuration  in  the 
artificial  as  well  as  the  natural  pyrites,  with 
feparate  chemical  properties. 

Some  natural  pyrites  which  had  been  deprived 
of  about  20  per  cent,  of  fulphur  by  previous 
heating  in  a clofe  retort,  fo  as  to  exclude  the 
air,  and  had  become  thereby  foluble  in  acids 
and  of  a black  colour,  was  then  mixed  with  a 
large  and  indeterminate  quantity  of  fulphur  and 
expofed  to  a moderate  heat  in  a retort  by  the 
fide  of  another  retort  filled  with  fome  of  the 
fame  pyrites  in  its  natural  date.  The  ufe  of 
this  lad  was  to  ferve  as  a thermometer  to  regu- 
late the  heat,  which  was  kept  jud  below  the 
point  at  which  pyrites  yields  its  excefs  of  ful- 
phur. The  contents  of  the  fird  retort  fird 
parted  with  a quantity  of  fulphur,  but  after  this 
had  ceafed,  nothing  further  was  given  out  dur- 
ing an  hour  longer  of  heating,  in  all  which  time 
the  natural  pyrites  underwent  no  change.  The 
roaded  pyrites  was  found  after  this  to  have  ac- 
quired again  rather  more  fulphur  than  it  had 
lod,  and  had  refumed  its  greenifh  yellow  hue, 
but  it  dill  remained  pulverulent.  It  now  gave  only 
a very  fmall  quantity  of  fulphuretted  hydrogen 
by  immerfion  in  fulphuric  acid,  and  remained 
infoluble  in  it  though  heated  to  boiling.  There- 
fore, in  every  thing  but  in  the  crydallized  form, 
the  fulphuret  had  returned  compleatly  to  the 
date  of  the  natural  pyrites,  fome  flight  differ- 
ences excepted,  which  always  mud  attend  the 
laboratory  attempts  to  imitate  nature. 

The  fub-fulphuret  and  fuper-fulphuret  were 
alfo  made  entirely  artificially  by  fird  heating  in 
a retort  to  full  rednefs  200  grains  of  iron  filings 
with  fulphur  till  all  the  excefs  was  volatilized, 
which  left  318  grains  of  the  black  or  fub-ful- 
phuret, being  an  increafe  of  59  of  fulphur  in  100 
of  iron;  and  then  heating  this  fulphuret  with 
another  dofe  of  fulphur,  (ufing  a feparate  veffei 
of  natural  pyrites  as  a thermometer,  as  in  the 
former  cafe)  which  gave  378  grains,  and  was 
in  the  date  of  fuper-fulphuret  or  in  chemical 
properties  refembling  the  common  pyrites, 
w Phil.  Tranf.  for  s 804. 
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From  the  above  experiments  therefore  it 
appears  that  iron  may  be  combined  artificially 
with  at  leaft  two  very  diftindt  dofes  of  fulphur, 
or  rather,  that  there  are  two  diftindt  points  of 
extreme  fulphuration  of  iron,  according  to  the 
temperature  ufed.  The  firft  is  iron  united  with 
the  utmoft  quantity  of  fulphur  which  it,  will 
retain  in  a clofe  veffel  when  heated  fully  to 
rednefs,  or  to  that  degree  in  which  the  common 
pyrites  lofes  about  20  per  cent  of  its  fulphur. 
This  gives  the  black  fub-fulphuret,  foluble  in 
acids  with  evolution  of  fulphuretted  hydrogen. 
The  fecond  point  is  when  iron  already  fub-ful- 
phuretted,  is  heated  with  more  fulphur  at  a 
temperature  juft  below  the  former,  or  fuch  in 
which  common  pyrites  lofes  none  of  its  fulphur, 
and  the  produdl  of  this  is  the  fuper-fulphuret 
of  iron,  infoluble  or  nearly  fo  in  acids,  and  giv- 
ing no  gas. 

Thefe  two  fulphurets  feem  to  be  the  only 
ones  hitherto  found  in  nature,  the  fuper-ful- 
phuret being  the  common  pyrites,  and  the  fub- 
fulphuret  the  magnetical  pyrites,  but  in  arti- 
ficial combinations  a great  many  intermediate 
degrees  of  fulphuration  may  be  effedted. 
Thus  a lower  degree  than  is  ever  found  native 
is  that  in  which  a little  fulphur  is  dropped  upon 
red-hot  iron  filings,  exciting  a vivid  combuf- 
tion  even  in  clofe  velfels  as  already  mentioned, 
and  in  which,  according  to  Prouft,  100  parts 
of  iron  acquire  only  from  20  to  30  of  fulphur. 
There  are  befides  intermediate  ftates  of  fulphu- 
ration between  the  fub-fulphuret  and  the  fuper- 
fulphuret  as  fully  afcertained  by  the  valuable 
experiments  of  Mr.  Hatchett. 

Profelfor  Prouft  gives  the  following  propor- 
tions of  the  two  fulphurets,  namely,  in  the 
fub-fulphuret,  (meaning  the  artificial,  this  che- 
mift  not  being  then  acquainted  with  the  com- 
pofition  of  the  magnetical  pyrites)  roo  parts  of 
iron  abforb  about  60  of  fulphur,  fo  that  100  of 
the  fub-fulphuret  contain  62.5  of  iron  and  37.5 
of  fulphur : and  in  the  fuper-fulphuret,  natural 
or  artificial,  100  parts  of  iron  abforb  90  of  ful- 
phur, fo  that  100  parts  contain  52.64  of  iron 
and  47.36  of  fulphur.  Thefe  proportions  how- 
ever appear  from  Mr.  Hatchett’s  experiments 
to  be  not  quite  accurate; 

The  fub-fulphuret  may  alfo  be  conveniently 
prepared,  according  to  Prouft,  by  half-filling  a 
crucible  with  common  pyrites,  covering  it  with 
a third  or  half  its  weight  of  iron  filings,  and 
over  this  a little  charcoal-powder,  and  heating 
the  whole  red-hot  for  about  a quarter  of  an 
hour.  The  heat  need  not  be  urged  to  fuficn 


of  the  materials.  Or  the  pyrites  and  iron 
filings  may  be  previoufly  mixed.  This  gives  a 
black  brittle  pulverulent  fub-fulphuret  which 
is  the  molt  convenient  fubftance  for  the  ufe  of 
the  laboratory  for  obtaining  fulphuretted  hy- 
drogen gas. 

Mr.  Hatchett  in  his  analyfis  of  the  natural 
fub-fulphuret  of  iron  or  magnetical  pyrites, 
found  it  to  agree  in  compofition  and  all  eflen- 
tial  chemical  characters  with  the  artificial  fub- 
fulphuret  examined  by  Profelfor  Prouft,  and  to 
be  compofed  of  about  37  of  fulphur  and  64  of 
iron.  But  the  compofition  of  the  natural 
fuper-fulphuret,  or  common  pyrites,  Mr.  H. 
finds  on  the  average  of  five  experiments  made 
on  fpecimens,  the  moft  diffimilar  in  external 
appearance,  to  be  53.24  of  fulphur  and  46.76 
of  iron,  whereas  Prouft  eftimates  it  at  only 
47.36  of  fulphur  and  52.64  of  iron.  As  in 
Mr.  Hatchett’s  analyfis  the  difference  between 
the  higheft  and  loweft  quantity  of  fulphur  in 
all  the  fpecimens  did  not  amount  to  more  than 
2.19,  it  is  probable  that  this  difagreement  de- 
pends chiefly  on  the  mode  of  analyfis,  which 
being  conducted  in  the  moift  way  by  Mr.  H. 
we  mull  confider  as  by  much  the  moft  accu- 
rate. Mr.  H.  alfo  obtained  an  intermediate 
fulphuret  between  the  two  fpecies  by  diftilling 
fome  of  the  magnetical  pyrites  with  thrice  its 
weight  of  fulphur  in  a retort,  with  a heat  gra- 
dually raifed  to  rednefs.  This  produced  a 
greenifh-yellow  pulverulent  mafs,  in  which  the 
fulphur  was  about  46  per  cent,  or  9 per  cent, 
more  than  in  the  magnetical  pyrites,  and  which  • 
gave  no  fulphuretted  hydrogen  with  muriatic 
acid,  though  it  partially  diffolved  therein. 

The  circumftances  in  which  the  fulphurets 
of  iron  are  affedted  by  the  magnet,  as  ftiewn 
by  Mr.  Hatchett  in  this  memoir,  are  very  re- 
markable. 

In  all  ftates  of  fulphuration  the  iron  appears 
to  be  in  the  metallic  ftate,  and  therefore  of. 
itfelf  magnetic,  but  whilft  the  fub-fulphuret  of. 
37  per  cent,  of  fulphur  is  ftrongly  magnetical, 
the  common  pyrites  and  the  artificial  fuper- 
fulphuret  (of  52  per  cent,  of  fulphur)  are  not  in 
the  fmalleft  degree  fo,  unlefs  mixed  with  inter- 
fperfed  iron,  to  which  alone  the  magnetic  pro- 
perty is  owing. 

Sulphur  therefore  in  a certain  proportion 
deprives  reguline  iron  of  the  magnetical  pro- 
perty, and  the  exadt  point  of  fulphuration  at 
•which  this  ceafes  is  not  afcertained,  but  Mr. 
H.  found  this  property  ftill  retained  in  the 
above-mentioned  intermediate  fulphuret  of  46 
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per  cent,  of  fulphur,  and  therefore  it  is  loft 
fomewhere  between  46  and  52  per  cent,  of 
fulphuration. 

The  alkaline  fulphurets  have  little  if  any 
adlion  on  iron  but  diffolve  its  oxyd,  and  acquire 
thereby  an  intenfe  green  colour,  which  the  af- 
fufion  of  an  acid  immediately  deftroys. 

Sulphuretted  hydrogen  added  either  in  gas  or 
in  a liquid  form  to  any  folution  of  iron,  firft 
deoxygenates  it  entirely  or  partially,  and  then 
forms  a black  precipitate  of  hydro-fulphuret  of 
iron.  This  precipitate  is  however  refoluble  in 
moft  acids,  or  may  be  prevented  from  form- 
ing by  previoufly  acidulating  the  folution,  in 
which  refpedl  it  differs  from  the  hydro-fulphu- 
ret of  lead ; and  hence  in  examining  wines  and 
other  liquors  fuppofed  to  contain  lead,  this 
metal  is  prevented  from  being  confounded  with 
iron,  by  ufing  an  acid  along  with  a fulphuret, 
under  which  circumftances  the  lead  will  give  a 
precipitate  but  the  iron  none.  ( See  Lead.) 

On  account  of  the  de-oxygenating  property 
of  fulphuretted  hydrogen  in  any  form,  with 
regard  to  iron,  it  always  happens  that  the  acid 
folutions  of  this  metal  that  contain  or  are  in 
contadl  with  fulphuretted  hydrogen  pafs  to  the 
ftate  of  fub-oxyhted  falts,  the  red  fulphat  for 
example  changing  to  the  green  fulphat,  the  red 
muriat  to  the  pale  muriat,  and  the  like.  Alfo 
if  a little  of  the  perfedt  or  red  oxyd  of  iron  be 
thrown  into  a bottle  of  fulphuretted  hydroge- 
nous water,  and  well  fhaken,  the  fmell  of  ful- 
phur is  fpeedily  overcome,  and  the  oxyd  becomes 
black  and  more  voluminous  than  before,  and  if 
colledted  and  thrown  upon  a red-hot  iron  it 
gives  out  a ftrong  fulphureous  fmell  and  blue 
flame,  and  if  treated  with  muriatic  acid  it  gives 
out  fulphuretted  hydrogen.3  In  this  experi- 
ment therefore  the  fulphuretted  hydrogen  is 
decompofed,  the  hydrogen  appearing  to  be  em- 
ployed in  partially  deoxygenating  the  oxyd,  and 
the  fulphur  afterwards  uniting  with  it  into  a 
hydro-fuiphuretted  fub-oxyd  of  iron. 

Iron  readily  unites  with  phofphorus,  forming 
the  phofphuret  of  iron.  This  may  be  prepared 
according  to  Pelletier  in  two  ways,  either  by 
the  diredl  union  of  iron  and  phofphorus,  or  by  a 
mixture  of  phofphoric  acid,  charcoal,  and  iron. 
In  the  latter  method,  this  ingenious  chemift 
mixed  one  ounce  of  vitreous  phofphoric  acid, 
•one  ounce  of  iron  turnings,  and  a dram  of 
charcoal,  and  melted  them  with  a full  heat  for 
• l'ome  time  in  a covered  crucible,  and  the  refult 
was  a harlh  white  granular  button,  partly  cryf- 
Jallized  in  rhomboidal  prifms,  which  was  phof- 

“ Fourcroy.  * 


phuret  of  iron  mixed  with  fome  phofphat. 
Another  method  adopted  was  to  add  fulphat  of 
iron  in  folution  to  human  urine,  which  gave  a 
precipitate  of  phofphat  of  iron.  An  ounce  and 
a half  of  this  precipitate,  mixed  with  two  drams 
of  charcoal  powder,  two  drams  of  calcined  bo- 
rax, and  as  much  glafs,  and  melted  in  a ftrong 
heat,  gave  a button  of  phofphuret  of  iron 
weighing  two  drams.  This  phofphuret  put  on 
a muffle  in  the  midft  of  the  coals,  foon  melted, 
and  on  the  furface  fmall  jets  of  phofphoric 
flame  were  feen,  owing  to  the  phofphorus 
burning  off.  An  oehery  porous  mafs  remained. 
Iron  may  alfo  be  combined  with  phofphorus, 
according  to  the  fame  chemift,  limply  by  mix- 
ing equal  parts  of  vitreous  phofphoric  acid  and 
iron.  In  this  procefs  a portion  of  the  phof- 
phoric acid  yields  its  oxygen  to  a portion  of 
the  iron,  and  the  phofphorus  refulting  thence 
unites  with  that  part  of  the  iron  which  is  left 
metallic,  and  fettles  at  the  bottom  of  the  cru- 
cible as  phofphuret  of  iron,  whilft  the  remain- 
ing phofphoric  acid  and  oxyd  form  a black 
vitriform  fcoria  on  the  furface. 

The  fame  chemift  alfo  projedled  fmall  pieces 
of  phofphorus  on  red-hot  iron  filings,  which  both 
together  immediately  melted  down  into  a very 
hard  white  ftriated  button  of  phofphuret  of  iron 
that  was  ftill  magnetical.  The  furface  was 
covered  with  a black  vitrefcent  fcoria,  moft  of 
which  foon  run  through  the  crucible. 

The  phofphuret  of  iron  thus  produced  con- 
tained about  20  per  cent,  of  phofphorus. 

Iron  when  metallic  is  not  fenfibly  affedted 
by  oils  or  any  oleaginous  fubftances,  but  on 
the  contrary,  thefe  when  frelh  preferve  iron 
from  rufting  by  expofure  to  air.  But  when 
the  oils  grow  rancid  the  iron  itfelf  oxydates 
from  this  caufe.  A compofition  of  hog’s  lard 
and  a little  camphor  thickened  with  black-lead 
is  faid  to  preferve  iron  from  rufting  better  than 
moft  other  greafy  compofitions. 

The  oxyds  of  iron  diffolve  in  oils,  giving 
them  a reddifh-brown  colour.  A very  intimate 
combination  of  oil  and  oxyd  of  iron  is  produced 
by  adding  a folution  of  foap  to  a folution  of 
fulphat  or  any  other  fait  of  iron.  This  foon 
hardens  to  a very  ftiff  pally  mafs. 

The  alloys  of  iron  actually  employed  in  the 
arts  are  very  few,  but  this  metal  will  combine 
more  or  lefs  eafily  with  moft  of  the  other  me- 
tals. The  amalgamation  with  mercury  has 
generally  been  thought  impradticable,  but  they 
may  be  made  to  combine  by  a method  that  y\  ill 
be  mentioned  under  that  metal. 
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The  few  obfervations  to  be  made  on  the  dif- 
ferent alloys  of  iron  will  all  be  defcribed  under 
the  other  metals  refpedtively,  except  the  manu- 
facture of  Tin-Plate , which  may  be  here  men- 
tioned. 

Tin-Plate  or  Tinned  Iron  f Fer  Blanc  of  the 
French)  holds  an  intermediate  place  between 
an  alloy  and  a coating.  It  is  made  fimply  by 
immerfing  plat<^  of  iron  into  melted  tin, 
whereby  they  not  only  become  covered  with  a 
perfeCt  coating  of  this  metal,  but  a very  inti- 
mate union  of  the  two  metals  takes  place,  to  a 
certain  depth  in  the  fubftance  of  the  iron, 
which  is  feen  by  cutting  it  tranfverfely,  and 
when  the  tinning  has  bean  repeated  two  or 
three  times  the  whole  plate  is  more  or  lefs 
alloyed,  or  as  it  were  foaked  with  the  tin. 

Tin-plate  is  manufactured  in  feveral  coun- 
tries, but  no  where  to  fuch  perfection  as  in 
England,  to  judge  by  the  quantity  exported. 
The  finelt  kind  when  highly  polilhed  has  a 
luftre  and  whitenefs  fcarcely  inferior  to  Giver, 
and  the  peculiar  excellence  of  the  Englilh  plate 
appears  to  be  chiefly  owing  to  the  perfeCt 
fmoothnefs  given  to  the  plate  before  tinning, 
and  the  great  uniformity  in  the  application  of 
the  metallic  coating. 

The  general  procel's  is  extremely  Ample,  and 
is  thus  defcribed  by  Mr.  Donovan. * 

It  is  carried  on  near  Caermarthen  in  South 
Wales,  the  centre  of  an  immenfe  and  increaf- 
ing  manufacturing  diftriCt  of  many  of  the  molt 
important  metals. 

The  iron  ore  employed  in  this  manufactory  is 
the  common  kind  of  the  country,  intermixed 
with  a large  portion  of  the  fine  haematite 
from  Ulverftone  in  Lancalhire,  which  gives  a 
very  fine  metal.  This  too  is  fmelted  with 
charcoal  inftead  of  coke,  to  produce  a metal  of 
the  gre2teft  purity  and"  extenfibility,  and  clofe- 
nel's  of  texture,  which  qualities  are  particularly 
required  in  this  manufacture.  The  reduced 
ore  is  fmelted  in  the  ufual  manner  and  call 
into  pigs,  which  are  then  wrought  by  the  ham- 
mer into  long  flat  bars,  that  are  afterwards 
cut  into  pieces  of  about  ten  inches  in  length. 
Thefe  are  then  wrought  into  plates  by  being 
heated  red-hot,  and  palled  through  a flatting- 
mill  which  confifts  of  two  large  cylinders  of 
fteel,  cafe-hardened  and  fecured  in  a frame  of 
iron.  Thefe  are  placed  contiguous  to  each  other 
but  with  a certain  interval  of  fpace,  and  revolve 
in  a contrary  direction,  fo  that  when  one  end 
of  the  bar  is  thrufl  in  the  fpace  between  the 
cylinders,  the  whole  is  drawn  through  and  pro- 
’ Defcriptive  Excuriions  thiough  South  Wales  ia  i8< 
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portionably  extended  and  flattened  in  the  paf- 
fage.  The  diftance  between  the  cylinders, 
which  of  courfe  determines  the  thicknefs  of 
the  plate,  is  maintained  and  regulated  by  ferews 
which  can  be  altered  at  pleafure.  When  the 
bar  is  thus  made  into  a plate  of  twice  the 
thicknefs  of  the  ordinary  plates  it  is  heated 
red-hot,  cut  in  two  by  a pair  of  fhears,  and 
one  piece  folded  exaCUy  over  the  other,  and 
both  repafled  repeatedly  through  the  cylinders 
till  the  folded  plate  has  extended  to  the  fame 
length  and  breadth  as  the  plate  was  before 
cutting.  It  is  then  clipped  round  the  edges 
and  the  two  plates  torn  afunder  (which  requires 
fome  little  force)  after  which  they  are  each 
finilhed  by  palling  through  a finer  rolling-prefs, 
fo  as  to  take  away  every  creafe  or  inequality  in 
the  plate,  and  thofe  that  are  too  rough  to  pafs 
through  this  finer  prefs  are  thrown  afide. 

The  plates  are  then  fteeped  in  a very  weak 
acid  liquor,  and  when  taken  out  are  fcoured 
thoroughly  with  bran  fo  as  to  be  quite  bright 
and  polilhed  to  enable  the  tin  to  adhere.  The 
tin  is  melted  in  deep  redlangular  crucibles,  and 
kept  fluid  by  a moderate  charcoal  fire  beneath. 
To  prevent  its  calcination  a quantity  of  greafe 
prepared  from  litifeed-oil  and  fuet  is  conftantly 
kept  floating  on  the  l'urface  of  the  tin  and  re- 
newed as  it  evaporates  off*,  which  gives  an 
excellively  naufeous  ftench.  The  plate  is  then 
taken  up  by  one  corner  by  a pair  of  pincers 
and  dipped  vertically  into  the  tin,  and  when 
withdrawn  is  found  beautifully  wdiite  and  re- 
fplendent  with  the  coating  of  this  metal  that 
adheres  to  it.  This  dipping  is  repeated  three 
times  for  what  is  called  Jingle  tin  plate , and  fix 
times  for  the  double  plate.  The  plates  are  then 
only  cleanfed  and  forted,  and  are  fit  for  ufe. 

Some  further  particulars  may  be  added  from 
other  authorities. 

In  many  manufactories  the  iron  plates  before 
tinning  are  cleanfed  by  being  immerfed  in  large 
barrels  full  of  a mixture  of  rye-flour  and  water, 
fometimes  with  verjuice  which  by  fermentation 
has  become  very  acid.  In  Bohemia2  the  plates 
remain  three  times  twenty-four  hours  in  tubs 
filled  with  this  acefcent  mixture,  in  three  dif- 
ferent flates,  after  which  they  are  walhed, 
fcoured  with  fand  and  water,  and  kept  under 
water  till  juft  before  they  are  ufed,  to  avoid 
rulting  again. 

Attention  is  to  be  paid  to  the  heat  of  the 
melted  tin  ; if  too  hot,  the  plate  comes  out 
yellow.  The  plates  are  immerfed  quite  wet 
into  the  melted  tin,  palling  in  their  way  through 
vol.  2,  p.  194.  * Jars  Voy.  Min.  6 Mem 
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the  melted  fuet  which  covers  it.  Juft  before  dip- 
ping, fome  water  is  thrown  on  the  melted  fuet, 
which  caufes  a violent  ebullition  and  makes 
the  furface  of  the  metal  quite  clean  and  bright. 
The  plates  when  tinned  are  fet  up  to  drain,  by 
which  a number  of  drops  of  tin  colledi  in  fmall 
knobs  at  the  lower  part.  Thefe  are  taken  off 
by  a fecond  immerfion  into  a feparate  cauldron 
of  tin,  but  only  to  the  depth  of  a few  inches, 
by  which  the  drops  of  tin  melt  down  and  the 
whole  tinning  is  made  more  uniform  in  thick- 
nefs.  They  are  then  cleanfed  with  a rag  and 
faw-duft  or  bran.  About  19!  pounds  of  tin 
are  required  for  300  plates,  meafuring  1 foot 
by  9 inches.2 

The  manufa£ture  of  tin-plate  in  France  ap- 
pears to  be  conducted  fo  nearly  in  the  fame 
manner  as  not  to  require  a feparate  defcrip- 
tion. 

In  the  manufactures  of  tin-plate  on  the  con- 
tinent a quantity  of  copper  is  aways  added  to 


IS  I 

the  tin,  but  in  very  fmall  proportion.  The 
exa£t  quantity  is  regulated  by  flight  circum- 
ftances,  which  only  experience  can  teach.  It 
appears  to  be  in  general  from  r'o  to  T-jo  of  the 
tin.  The  copper  prevents  the  tin  from  adher- 
ing in  too  great  a quantity  to  the'  iron,  and 
caufes  the  fuperfluous  part  to  drain  off  more 
freely.  Too  much  copper  gives  a dull  yellow 
tint. 

It  appears  that  the  method  of  flattening  the 
bar  into  plate  by  cylinders  is  only  adopted  in 
this  country,  but  in  other  places  is  done  by  the 
hammer. 

The  affinities  of  the  oxyd  of  iron  for  the 
refpeftive  acids  are  in  the  following  order : 
the  gallic,  oxalic,  tartareous,  fulphuric,  muri- 
atic, nitric,  phofphoric,  arfenic,  fluoric,  fuc- 
cinic,  citric,  acetic,  boracic,  pruflic,  and  carbo- 
nic acids. 

ISERIN.  See  Titanium. 

ISINGLASS.  See  Gelatin. 


♦ Encycl.  Arts  & Metiers,  art.  Ferblantier. 
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In  the  following  pages  (intended  as  an  APPENDIX  to  their 
Dictionary  of  Chemistry  and  Mineralogy)  the  authors  have  endea- 
voured to  give  a perspicuous  and  sufficiently  detailed  account  of  the  various 
and  highly  important  discoveries  by  which  the  science  has  been  enriched 
during  the  few  years  that  have  elapsed  since  the  publication  of  their  former 
volumes. 

Considerable  pains  have  been  taken  in  verifying  calculations  ; in 
collecting  valuable  but  diffused  information  into  one  focus  ; in  stripping  it  of 
the  occasional  acerbity  of  controversy ; and  in  moulding  the  whole  to  that 
form  of  practical  utility,  which  may  best  secure  it  from  being  superceded  by 
future  discoveries. 

We  trust  that  the  purchasers  of  the  Dictionary  will  not  find  the 
present  Supplement  unworthy  of  their  notice. 
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Acanticone  . See  Amphibole. 
ACETIC  ACID.  Acetites.  Vinegar. 

M.  Cadet3  has  made  several  experiments  on 
the  manufacture  of  sugar-vinegar  and  the  best 
proportions  of  ingredients.  It  is  well  known 
that  pure  sugar  dissolved  in  water  will  not  fer- 
ment by  itself,  but  if  yeast  or  leaven  be  added, 
fermentation  is  soon  established,  at  first  vinous, 
afterwards  acetous.  Mucilage,  Extract,  Fecula 
contributed  materially  to  the  products  of  fer- 
mentation, but  M.  Cadet  has  apparently  been 
compelled  in  order  to  simplify  the  enquiry,  to 
pass  over  very  slightly  the  effects  of  these  sub- 
stances, and  to  confine  himself  to  the  operation 
of  sugar  alone.  His  results  therefore  can  only 
be  considered  as  affording  some  approximation 
to  accuracy.  To  form  a simple  sugar  vinegar 
he  gives  the  following  as  the  best  proportions. 
Sugar  ....  12.4. 

Leaven  or  Yeast  . 8. 

Water  ....  86.8 

1 00.0 

When  a much  greater  proportion  of  sugar  is 
added,  a portion  of  it  escapes  fermentation,  and 
may  be  procured  from  the  vinegar  unaltered. 
Though  alcohol  is  the  leading  product  of  the 
vinous  fermentation,  and  therefore  ( ceteris  pa- 
ribus ) the  more  alcohol  'a  fermented  liquor 
contains,  the  greater  quantity  of  acetous  acid  it 
will  produce,  yet  the  addition  of  alcohol  to  the 
fermenting  liquor  will  not  encrease  the  product 
of  acetous  acid,  and  if  more  than  about  T’r  of 

• An.  Chim.  tom.  62. 
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alcohol  be  added,  the  fermentation  is  entirely 
stopped  and  no  vinegar  is  formed. 

In  making  vinegar  in  the  large  way,  from 
whatever  vegetable  material,  whether  wine,  cy- 
der, grain,  carrots,  sugar,  &c.  M.  Cadet  advises 
a previous  essay  of  about  8 ounces  of  the  ma- 
terial (if  dry)  with  3 pounds  of  water  and  % oz. 
of  yeast  fermented  completely  into  vinegar.  To 
this  is  to  be  added  gradually  a solution  of  caus- 
tic potash  of  known  strength,  till  the  liquor  is 
saturated  (as  determined  by  litmus,  &c.)  and 
the  quantity  of  solid  potash  noted.  Then  for 
every  part  of  potash  used  he  estimates  1.268 
parts  of  sugar  to  have  been  acidified  by  the  fer- 
mentation, and  hence  the  saccharine  strength 
of  the  materials  is  found.  Then  to  produce 
the  strongest  possible  vinegar  without  leaving 
any  undecomposed  sugar,  he  proposes  so  much 
sugar  to  be  added  to  the  materials  (if  deficient 
in  this  principle)  as  will  raise  the  proportion  to 
12.4  per  cent,  of  the  whole  fermenting  mass, 
which  (with  the  0.8  per  cent,  of  leaven)  pro- 
duces as  above  mentioned  the  most  favourable 
proportions  for  this  manufacture. 

The  density  of  acetic  acid  cannot  be  depended 
on  singly  as  any  indication  of  the  strength  of 
acidity.  On  this  subject  M.  Mollerat  has  some 
valuable  observations.  b The  strongest  acetic 
acid  that  he  could  obtain,  which  was  quite  pure 
and  free  from  empyreuma,  had  the  specific 
gravity  of  J .063  at  60°  Fahr.  This  was  highly 
volatile  when  moderately  heated,  and  entirely 
congealed  at  about  55°,  and  did  not  thaw  at 
72°.  A given  portion  of  it  saturated  250.  of 
carbonat  of  soda,  and  its  proportion  of  real  acid 

k Ibid.  68. 
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was  reckoned  at  87.125  per  cent.  A mixture 
of  the  same  acid  and  water  in  a certain  propor- 
tion was  made,  which  had  exactly  the  same 
specific  gravity,  but  its  saturating  power  was 
only  equal  to  1 18  of  carbonat  of  soda,  or  58.725 
real  acid.  A further  addition  of  water  to  this 
last  acid  diminished  the  density  as  well  as  the 
saturating  power,  and  this  continued  uniformly 
in  every  subsequent  proportion  of  water  added. 
On  the  other  hand  the  first  -addition  of  water 
to  the  concentrated  acid  of  l.OGS  sp.gr.  en- 
creased  the  specific  gravity,  though  the  pro- 
portion of  real  acid  was  of  course  diminished. 
Hence  there  must  be  a point  of  the  maximum 
of  specific  gravity  in  which  the  gravity  would 
be  lessened  both  by  encreasing  and  diminishing 
the  real  strength  of  the  acid  as  measured  by  its 
saturating  power.  This  maximum  of  density 
M.  Mo.lerat  estimates  at  1.0791  sp.  gr.  and 
67.256*per  cent,  of  real  acid. 

The  observations  ofM.Derosne,  M.Berthollet 
and  Mr.  Chenevix,  which  we  shall  presently 
mention,  confirm  this  fact  of  a maximum  den- 
sity existing  in  this  acid  in  a certain  state  of 
dilution.  These  observations  however  only  ap- 
ply to  the  acetic  acid  or  radical  vinegar  ob- 
tained from  some  of  the  neutral  acetates.  The 
common  distilled  vinegar  contains  a quantity 
of  carbonaceous  matter  which  can  only  be  sepa- 
rated by  combining  it  with  a basis  and  redis- 
tilling it. 

Mr.  Chenevix e has  given  a valuable  experi- 
mental essay  on  acetic  acid  and  some  of  the 
acetates.  A quantity  of  acetite  of  copper  was 
distilled  per  sc,  and  the  product  separated  as  it 
came  over  into  different  portions.  The  first 
portion  had  the  specific  gravity  of  1.0659,  and 
the  proportion  of  real  acid  estimated  from  its 
saturating  power  was  62.971.  The  second  was 
1.058  sp.  gr.  and  67.461  acid  : the  third,  1.0454 
sp.  gr.  and  74.41  J acid  ; the  fourth,  1.040  sp. 
gr.  and  73.295  acid. 

Though  these  numbers  do  not  exactly  cor- 
respond with  those  of  M.  Mollerat,  they  shew 
that  the  specific  gravity  of  acetic  acid  is  no  in- 
dication of  its  strength  in  real  acid,  and  the 
reason  of  this  is  supposed  to  be  the  admixture 
of  a portion  of  an  inflammable  spirit  in  various 
proportions  formed  during  the  distillation  of 
the  acetites,  which  has  been  examined  by  va- 
rious chemists,  and  which  the  author  terms 
Pyro-acetic  Spirit ; and  M.  Derosne,  Pyro- 
acetic  Ether. 

• The  products  of  the  distillation  of  the  metal- 
lic, alkaline  and  earthy  acetates  differ  remark- 


ably in  the  proportions  of  the  acid,  pyro-acetie 
spirit,  and  gasseous  products,  though  the  ace- 
tates themselves  are  all  prepared  with  the  same 
acetic  acid.  Hence  it  becomes  an  interesting 
enquiry  to  examine  what  is  the  action  of  these 
bases  on  the  acid  during  distillation,  which  can 
explain  this  great  difference  in  the  products. 
The  analysis  is  complicated  and  attended  with 
many  difficulties,  but  the  experiments  of  Mr. 
Chenevix  on  this  subject  deserve  notice.  The 
metallic  acetates  examined  were  those  of  silver, 
copper,  nickel,  lead,  iron  and  manganese.  A 
given  quantity  of  each  was  distilled  from  a 
luted  earthen  or  glass  retort  according  to  the 
heat  required,  to  which  was  attached  a tubu- 
lated matrass  to  collect  the  liquid  products,  a 
Woulfe  bottle  holding  a solution  of  pure  ba- 
rytes, and  a pneumatic  trough.  The  heat  was 
kept  up  as  low  as  possible  to  effect  the  decom- 
position. The  results  consisted  therefore  of 
three  substances  which  required  a subsequent 
examination,  namely,  the  metal  or  metallic  oxyd 
left  in  the  retort,  the  liquid,  and  the  gasseous 
products.  The  metallic  residue  was  reguline 
in  some  cases  and  oxidated  in  others,  and  mixed 
with  a small  portion  of  charcoal  which  was 
separated  by  dissolving  the  metal. 

The  liquid  product  was  examined  in  relation 
to  its  specific  gravity,  its  acidity,  and  the  quan- 
tity of  pyro-acetic  spirit.  The  force  of  acidity 
was  measured  by  the  quantity  of  a solution  of 
pure  potash  saturated  by  a given  portion  of  the 
acid.  It  was  more  difficult  to  separate  the  pyro- 
acetic  spirit.  When  alcohol  is  mixed  with  any 
watery  liquid,  the  usual  mode  of  detecting  it  is 
by  the  addition  of  carbonate  of  potash,  but 
where  the  liquid  also  contains  an  acid  which 
by  union  with  potash  forms  a salt  soluble  in 
alcohol,  this  mode  of  separating  the  spirit  will 
not  answer.  It  was  therefore  necessary  in  the 
present  instance  to  redistill  from  potash  the 
liquid  products  of  some  of  the  acetates,  and 
thus  deprive  them  of  their  acid,  before  the  spi- 
rituous portion  could  be  obtained.  We  shall 
add  the  results  of  these  experiments  as  far  as 
concerns  the  liquid  product  in  the  three  cir- 
cumstances of  specific  gravity,  acidity  and  spirit. 

Sp.Gr  Acidity  Spirit 
Acetite  of  Silver  . 1.0656  107.309  0. 

Acetite  of  Nickel  . 1.0398  44.731  2. 

Acetite  of  Copper  . 1.0556  84.868  0.7 

Acetite  of  Lead  . .9407  3.045  0.555 

Acetite  of  Iron  . 1.011  27.236  0.24 

Acetite  of  Zinc  . .8452  2.2o8  0.695 

Acetite  of  Manganese  .8264  1.285  0.94 
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Of  these  acetites  the  metallic  bases  of  the 
four  first  were  left  after  the  process  in  the  re- 
guline  state,  the  iron  was  the  black  oxyd,  the 
zinc  the  white  oxyd,  and  the  manganese  the 
brown  cxyd.  The  enormous  difference  in 
strength  of  acidity  which  these  products  shew, 
must  immediately  strike  the  reader.  The  author 
inclines  to  the  opuiion  that  in  proportion  to  the 
greater  difficulty  of  the  reduction  of  the  metal- 
lic base  is  the  quantity  of  spirit  yielded  and  of 
acid  destroyed.  Thus  the  acetite  of  silver  which 
is  reduced  with  the  greatest  ease,  gives  an  acid 
of  much  greater  strength  than  the  others,  but 
no  ascertainable  quantity  of  spirit.  On  the 
other  hand  the  acetite  of  lead,  which  is  reduced 
with  more  difficulty,  and  the  acetite  of  zinc 
which  is  net  reduced  at  all,  give  a very  weak 
acid  but  more  spirit.  It  must  be  acknowledged 
however  that  the  production  of  spirit  bears  no 
proportion  to  the  destruction  of  acid,. so  that 
no  argument  can  be  hence  derived  of  the  con- 
version of  the  latter  into  the  former. 

When  the  acetites  of  potash  and  of  soda  are 
distilled  per  se,  they  yield  a more  spirituous  and 
less  acid  product  than  any  of  the^metallic  ace- 
tites. The  product  from  dry  acetite  of  barytes 
had  the  specific  gravity  of  only  .8458,  did  not 
redden  vegetable  colours,  but  contained  so  con- 
centrated a spirit  that  it  was  necessary  to  add 
water  to  enable  carbonat  of  potash  to  produce 
any  separation  of  spirit,  and  then  the  quantiev 
of  spirit  separated  was  more  in  bulk  than  the 
entire  original  product  of  the  distillation.  Hence 
the  spirit  was  in  a more  condensed  state  before, 
than  after  the  separation.  Mr.  Chenevix  has 
found  the  acid  product  distilled  from  acetited 
silver  to  contain  the  purest  and  strongest  acetic 
acid  and  the  least  mixed  with  spirit.  Its  specific 
gravity  was  1.0656  when  undiluted,  and  its 
saturating  power  estimated  at  107.309.  When 
gradually  lowered  by  water,  the  specific  gravity 
at  first  encreased  to  1 .0733,  but  after  this  point 
again  diminished  by  every  subsequent  dilution. 
This  anomaly  in  the  change  of  specific  gravity 
cannot  be  accounted  for  here  by  the  presence 
of  pyro-acetic  spirit,  since  none  was  detected, 
and  the  author  therefore  ingeniously  attributes 
it  to  the  strong  tendency  of  crystallization  at  a 
moderate  temperature,  which  this  very  concen- 
trated acid  possesses,  and  which  probably  acts 
as  it  does  with  water  to  produce  an  expansion 
of  the  liquid  as  it  cools  down  to  its  point  of 
congelation.  The  fact  of  the  ready  crystalli- 


zation of  the  acid  is  undoubted,  ami  this  appears 
not  to  be  owing  to  the  presence  of  any  spirit  or 
extraneous  matter,  but  rather  to  depend  on  the 
degree  of  concentration  of  the  acid  itself.- 

It  has  been  maintained  by  some  chemists 
that  prussic  acid  and  ammonia  are  among  the 
products  of  the  distillation  of  the  acetates.  This 
however  is  denied  both  by  Mr.  Chenevix  and  by 
Tromsdorff.  The  latter  chemist*1  distilled  ace- 
tite of  soda,  acetite  of  lead  and  acetite  of  pot- 
ash, separating  the  volatile  portion  from  the 
residue.  The  former  was  passed  through  an 
ignited  tube,  and  carbonic  acid,  carburetted  hy- 
drogen and  empyreumatic  oil  were  produced, 
but  no  prussic  acid  nor  ammonia  appeared 
either  in  this  or  in  the  fixed  residue. 

The  latest  analysis  of  acetic  acid  that  we  pos- 
sess, is  one  of  a very  interesting  series  on  various 
animal  and  vegetable  substances,  performed  by 
Messrs.  Gay-Lussac,  and  Thenard.d  The  mode 
of  analyzing  is  original, being  by  combustion  with 
oxymuriat  of  potash,  as  will  be  further  described 
under  the  article  Analysis.  The  acetic  acid 
was  procured  from  acetite  of  potash  by  sulphuric 
acid,  without  any  artificial  heat,  and  the  acid 
obtained  was  quite  free  from  any  admixture  of 
the  sulphuric.  It  was  first  boiled  with  carbonat 
of  barytes,  and  the  resulting  acetite  of  barytes 
dried  in  the  heat  of  boiling  water.  Thirty 
grammes  of  this  salt  were  dissolved  in  water 
and  decomposed  totally  by  sulphat  of  ammonia, 
and  the  sulphat  of  barytes,  when  ignited, 
weighed  25.445  grammes,  of  which  the  barytes, 
according  to  the  received  proportions,  forms 
67  per  cent,  and  hence  the  composition  of  the 
acetited  barytes  dried  at  a boiling  water  heat, 
is  43.17  per  cent,  of  acetous  acid,  and  56.83 
barytes. 

This  acetite  was  then  ignited  with  oxymuriat 
of  potash,  and  the  acetic  acid  when  reduced  to 
its  ultimate  elements,  carbon,  oxygen,  and  hy- 
drogen, gave  the  following  proportions: 

Carbon  50.224,  oxygen  44.147,  hydrogens 
5.629. 

Or,  supposing  all  the  hydrogen  to  be  united 
to  its  saturating  proportion  of  oxygen  to  consti- 
tute water,  the  result  will  be, 

Carbon  50.224,  water  46.911,  oxygen  ir» 
excess  2.865. 

Four  other  vegetable  acids  were  analyzed  by 
these  chemists  in  the  same  manner,  namely, 
the  oxalic,  the  mucous,  the  tartaric,  and  the 
citric,  and  the  general  results  are  as  follow  : 
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Oxygen  in  each.  Carbon.  Water. 
Oxalic  ' 50.56  — 35.57  — 22.87 

Mucous  36.15  — 33  69  — 30.16 

Tartaric  20.71  — 21  05  — 55.24 

Citric  13.44  — 33.81  — 52  75 

Acetic  2.87  — 50.22  — 46.91 

These  analyses,  if  correct,  give  a totally  differ- 
ent idea  of  the  constitution  of  the  acetic  acid, 
compared  with  the  other  vegetable  acids,  from 
that  usually  entertained.  It  has  been  maintained 
by  Westrumb,  Hermbstaedt,  Crell,  and  others, 
that  the  pure  acid  of  vinegar  was  the  ultimate 
term  of  oxygenation  of  all  the  vegetable  acids, 
so  that  any  other  of  these  could  be  converted 
into  the  acetic  by  an  oxygenating  process. 
Thus  Hermbstaedt  converted  the  dry  acid  of 
tartar  entirely  into  the  acetous,  by  distillation 
with  manganese  and  sulphuric  acid.  ( See  article 
Acetous  Acid,  (h.  Diet.  rol.  1,-p.  4.5  But 
on  the  other  hand  the  above  experiments  of 
Messrs.  Gay-Lussac  and  Thenard  shew  that 
the  acetic  acid  is  by  far  the  least  oxygenated  of 
the  five  vegetable  acids  here  mentioned,  but 
contains  a much  larger  proportion  of  carbon, 
and  hence  one  may  expect  the  acetic  acid  to  be 
among  the  earliest  products  of  any  acidifying 
process  going  on  in  vegetable  matter.  This, 
they  maintain,  is  supported  by  actual  observa- 
tion, for  the  acetic  acid  is  that  into  which  all 
vegetable  and  even  animal  matter  is  the  soonest 
changed,  whether  by  distillation  or  the  putrid 
fermentation,  or  by  the  action  of  the  nitric  and 
sulphuric  acids.  How,  say  they,  should  these 
changes  take  place  (especially  that  of  wine  into 
vinegar)  and  no  intermediate  acid  be  found,  if 
the  acetic  acid  was  the  most  oxygenated. 

Pyro  -Acetic  Spirit.  Pijro- Acetic  Ether. 
This  substance  having  already  been  partially 
described  in  our  account  of  Mr.  Chenevix’s 
experiments,  and  also  having  been  previously 
examined  by  Derosne,'  we  shall  here  add  some 
further  notice  of  it.  It  is  contained,  as  already 
mentioned,  in  the  product  of  the  distillation 
per  se,  of  most  of  the  acetites,  and  it  is  pro- 
bably in  many  cases  owing  to  the  admixture  of 
this  spirit  that  the  specific  gravity  of  the  distil- 
led liquid  is  so  much  lessened  as  to  counteract 
the  increased  density  which  would  naturally 
arise  from  a great  intensity  of  acid.  M.  Derosne 
obtained  it  in  the  following  experiments,  which 
were  also  undertaken  as  a general  examination 
of  the  products  in  the  usual  way  of  preparing 
acetic  acid.  An  earthen  retort  was  filled  with 


41|lbs.  (French)  of  verdigris,  and  distilled  per 
sc , in  a very  gradual  heat  kept  up  for  three 
days.  The  products  were  divided  into  four 
successive  portions,  each  of  which  was  kept 
separate.  The  first  portion  weighing  5 lbs.  lOoz. 
was  weakly  acid  to  the  last,  and  of  a slight  blue 
colour. 

T he  second  was  stronger  and  deeper  coloured, 
and  weighed  6 lbs.  4oz. 

The  third,  was  still  stronger  and  more  blue, 
had  a much  more  pungent  smell,  but  rather 
empyreumatic.  It  weighed  7 lbs.  4oz. 

The  fourth  was  slightly  yellow,  had  a weak 
but  very  empyreumatic  smell,  and  required  a 
very  strong  heat  to  be  expelled.  It  weighed 
8~  oz. 

The  united  weight  of  these  four  liquids  was 
20  lbs.  5 oz.  and  the  cupreous  residue  in  the 
retort  weighed  131b.  14  oz.  so  that  there  was 
a deficiency  of  7 lb.  5 oz.  to  make  up  the  origi- 
ginal  weight  of  the  verdigris  employed. 

A large  quantity  of  gas  was  produced  in  the 
operation,  the  whole  of  which  was  made  to 
pass  through  a separate  bottle  of  distilled  water 
before  it  escaped,  to  which  it  gave  some  acidity 
and  a very  disagreeable  burnt  flavour. 

The  four  distilled  products  were  again  recti- 
fied and  divided  into  successive  portions,  and  by 
comparing  the  specific  gravity  of  each  with  the 
power  of  saturating  alkali,  it  was  found  that 
the  second  and  third  products,  or  those  which 
were  obtained  at  the  middle  of  the  first  opera- 
tion, were  much  the  strongest  in  acid  with  the 
least  specific  gravity.  This  intermediate  pro- 
duct being  rectified  at  a gentle  heat,  gave  a 
quantity  of  inflammable  gas,  and  a light  inflam- 
mable liquor,  but  still  acid.  To  separate  the 
acid,  solid  caustic  alkali  was  added  to  it  in 
small  portions,  keeping  the  vessel  in  cold  water 
till  the  acid  was  saturated,  when  part  of  the 
acetited  potash  crystallized  spontaneously,  and 
a light  yellowish  liquor  rose  on  the  surface, 
which  was  carefully  decanted  and  again  recti- 
fied by  distillation  at  a very  gentle  heat.  The 
product  of  this  last  operation  is  the  Pj/ro- 
Acetic  Ether. 

It  is  quite  clear  and  colourless,  its  smell 
pungent,  its  taste  hot  and  empyreumatic.  It 
is  lighter  than  alcohol,  very  volatile,  and  pro- 
duces cold  by  evaporation.  It  is  highly  com- 
bustible, burning  with  a flame  at  first  blue, 
afterwards  yellowish  white.  After  its  combus- 
tion it  leaves  a carbonaceous  stain,  and  if  pre- 
viously mixed  with  a little  water  and  burned, 
the  water  remains  slightly  acid.  It  does  not 
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redden  litmus.  When  added  to  a solution  of 
gold  in  nitromuriatic  acid  with  a little  dry 
muriat  of  lime,  the  Pyro-acetic  ether  rises  to 
the  surface  with  a fine  golden  colour.  In  all 
these  respects  this  substance  resembles  the  other 
ethers,  but  it  differs  from  them  in  being  mis- 
cible with  water  in  any  proportion. 

Mr.  Chenevix,  in  the  memoir  already  men- 
tioned, has  examined  this  Pj/ro-Acetic  Ether 
or  Spirit  with  much  care,  and  compared  its 
properties  with  those  of  the  true  AceticEther.  To 
obtain  the  Pyro-acetic  Spirit,  acetite  of  lead  was 
distilled  per  sey  in  an  earthen  retort,  and  the 
products  again  rectified,  and  the  spirit  separated. 
Its  properties  are  the  following : It  is  perfectly 
clear  and  without  colour ; its  taste  burning  and 
somewhat  urinous ; its  smell  somewhat  re- 
sembling that  of  peppermint  mixed  with  bitter 
almond.  The  specific  gravity  was  at  first 
.7929;  but  after  rectification  over  muriat  of 
lime,  .7864.  It  burns  with  a white  flame, 
leaving  no  residue.  It  boils  at  130°  Fahr. 
It  mixes  with  water,  alcohol,  and  the  volatile 
oils,  in  every  proportion  ; also  in  some  propor- 
tions with  the  fixed  oils  when  cold,  and  in  every 
proportion  when  heated.  It  dissolves  a little 
sulphur,  more  of  phosphorus,  and  a large 
quantity  of  camphor.  White  wax  and  fat  dis- 
solve in  it  when  hot,  but  a portion  separates 
on  cooling  or  on  adding  water.  It  dissolves  a 
little  caoutchouc  which  is  separable  again  by 
water,  and  it  renders  a solution  of  gum  arabic 
extremely  turbid. 

A further  examination  of  this  spirit  by  distil- 
lation with  potash  and  with  the  mineral  acids, 
shews  some  decided  points  of  difference  be- 
tween the  Pyro-Acetic  Spirit  and  the  Acetic 
Ether  prepared  by  acetic  acid  and  alcohol,  but  a 
fuller  analysis  is  yet  wanting. 

Some  chemists  have  attributed  the  production 
of  an  inflammable  spirit  during  the  distillation 
of  the  acetites  to  that  portion  of  alcohol  which 
all  vinegar  contains,  and  is  derived  from  the 
vinous  fermentation  which  always  precedes  the 
acetous.  It  is  certain  that  when  a large  quan- 
tity of  vinegar  is  distilled,  the  first  portions 
contain  a little  alcohol  intimately  mixed  with 
the  acid.  But  this  alcohol  comes  over  at  the 
first  impression  of  heat,  and  certainly  cannot 
be  supposed  to  enter  into  the  composition  of 
those  solid  acetites  (verdigris  for  example)  that 
require  long  ebullition  of  the  acid  and  metallic 
oxyd,  and  subsequent  evaporation  to  crystallize. 
Yet  it  is  from  these  solid  acetites  that  the 
Pyro-acetic  Spirit  is  prepared,  and  it  rises  only 
towards  the  middle  and  end  of  the  distillation, 


when  a heat  much  greater  than  is  required  to 
volatilize  alcohol  has  been  kept  up  for  a con- 
siderable time.  I his  Pyro-acetic  Spirit  or  ether 
therefore,  is  obviously  a product  of  the  decom- 
position of  some  of  the  component  parts  of  the 
acetous  acid  itself,  and  not  an  adventitious  ad- 
mixture of  alcohol  derived  from  the  previous 
fermentation. 

For  some  further  remarks  concerning  the  true 
acetic  ether,  see  the  article  Alcohol  in  this 
Appendix. 

Acetate  of  A famine. 

Gay-Lussac  has  some  valuable  observations 
on  this  salt,  which  are  particularly  useful  to  the 
dyer  and  calico-printer,  who  employ  a vast 
quantity  of  it.  When  a solution  of  acetited 
alumine  is  heated,  it  becomes  turbid  and  depo- 
sits a great  deal  of  alumine ; but  (what  is  very 
remarkable)  all  the  alumine  is  gradually  redis- 
solved on  cooling  and  agitation.  A second 
heating  will  again  cause  the  alumine  to  preci- 
pitate, and  the  liquor  will  again  become  clear 
when  cold  ; and  this  may  be  repeated  an  inde- 
finite number  of  times.  In  a neutral  solution 
of  acetited  alumine  (such  as  is  made  by  the 
calico-printers,  by  mixing  alum  and  acetited 
lead)  the  author  found  that  the  quantity  of  alu- 
mine separated  by  mere  heat  was  nearly  half 
the  whole  contents.  After  the  alumine  is 
deposited  from  the  heated  solution,  the  liquor 
remains  with  an  excess  of  acid,  and  hence  the 
necessity  of  using  chalk  to  saturate  this  excess, 
which  however  is  often  an  injurious  addition  on 
other  accounts.  Alum  will  prevent  this  sepa- 
ration of  alumine  by  heat. 

ACETIC  ETHER  and  SPIRIT.  See  the 
preceding  article  and  Alcohol. 

ACIDS  VEGETABLE.  See  Analysis. 

ACTINOTE.  See  Amphibole. 

AEROLITE  or  Meteoric  Stone. 

That  stony  masses,  sometimes  solitary,  some- 
times in  showers,  have  fallen  on  the  surface  of 
the  earth  from  the  upper  regions  of  the  atmos- 
phere, is  a fact,  which,  though  distinctly  and 
particularly  testified  both  by  ancient  historians 
and  more  modern  observers,  had  gained  but 
little  credit  among  philosophers  previously  to 
the  last  twenty  years.  On  some  particular 
occasions  indeed  the  evidence  adduced  was  so 
circumstantial  and  apparently  unprejudiced  that 
nothing  but  the  supposed  impossibility  of  the 
fact  prevented  its  reception.  In  the  mean 
time  new  facts  bearing  a perfect  analogy  with 
the  preceding  ones  continued  to  accumulate, 
and  with  such  overpowering  evidence  that  all 
a priori  arguments  gave  way  before  them,  and 
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the  existence  of  atmospheric  or  meteoric  mine- 
rals is  fully  admitted. 

Iu  the  article  native  Iron,  among  the  ores 
of  that  metal,  the  reader  may  find  a few  details 
relative  to  this  subject ; and  a reference  to 
another  article  Stones  meteoric  which  by 
some  unaccountable  oversight  is  wholly  omitted. 
This  omission  it  is  the  purpose  of  the  present 
article  to  supply. 

Without  adverting  to  the  testimony  of  Livy, 
of  Pliny,  and  of  other  ancient  authors,  I shall 
confine  myself  to  a brief  enumeration  of  those 
aerolites  which  have  either  fallen  within  the 
last  twenty  or  thirty  years,  or  of  which,  though 
the  date  of  their  fall  is  considerably  more 
ancient,  specimens  are  still  extant,  many  of 
which  have  of  late  been  submitted  to  chemical 
analysis. 

Those  luminous  bodies  called  meteors  or 
fire-balls,  which  make  their  appearance  at  irre- 
gular intervals,  traversing  with  an  excessively 
rapid  motion  the  upper  regions  of  the  atmos- 
phere, and  ultimately  falling  on  the  surface  of 
the  earth,  appear  to  be  one  source  of  meteoric 
stones.  They  evidently  consist  of  a central 
nucleus  in  such  a state  of  softness  or  fluidity  as 
to  admit  of  considerable  variations  in  its  shape  ; 
sometimes  a disruption  of  the  nucleus  takes 
place,  accompanied  by  an  explosion,  and  the 
two  or  three  pieces  into  which  the  mass  is  thus 
divided  proceed  in  the  direction  of  their  pre- 
vious course  without  any  apparent  abatement 
of  velocity.  More  usually  however  the  ex- 
plosion is  so  violent  as  to  break  and  disperse 
the  meteor,  and  the  fragments  immediately 
fall  to  the  ground.  Of  these  meteors  some  of 
the  most  remarkable  2nd  the  best  observed  in 
modern  times  are  the  following.  On  the  21st 
of  May,  1676,  a meteor  was  observed  by  Mon- 
tanari,  professor  of  mathematics  at  Bologna, 
and  by  others,  passing  with  great  velocity 
across  the  north  of  Italy  in  a direction  nearly 
from  E.  to  W.  When  it  had  arrived  over  the 
sea  to  the  S.W.  of  Leghorn  it  burst  with  a 
violent  explosion,  and  its  fragments,  as  they  fell 
into  the  sea,  produced  a hissing  noise  like  that 
occasioned  by  plunging  red  hot  iron  into  water. 

On  the  11th  November,  1761,  a meteor 
was  observed  in  several  of  the  provinces  of 
France.  It  burst  with  a loud  explosion  into  a 
great  number  of  fragments  in  the  neighbourhood 
of  Dijon,  one  of  which  fell  upon  a house  and 
get  fire  to  it. 

On  the  17th  July,  1771,  a meteor,  traversing 
from  N.  to  S.  was  observed  in  England  and  in 
France.  It  hurst  with  a loud  explosion  S.W. 


of  Paris,  causing  a commotion  like  that  of  an 
earthquake.  Its  elevation  above  the  surface  of 
the  earth,  when  first  perceived,  was  more  than 
80,000  yards,  but  at  the  period  of  its  explosion 
it  had  descended  to  about  half  its  former 
elevation. 

On  the  18th  August,  1783,  a large  meteor, 
traversing  in  the  same  direction  as  the  preceding, 
was  observed  in  various  parts  of  England,  of 
France,  and  of  Italy  as  far  as  Rome.  When  it 
first  was  noticed,  its  apparent  magnitude  was 
about  equal  to  that  of  the  planet  Jupiter,  but  it 
rapidly  increased,  and  at  the  instant  of  its  ex- 
plosion was  of  greater  apparent  magnitude  than 
the  full  moon.  Its  form  varied  from  round  to 
oblong,  and  an  internal  movement  like  that  of 
ebullition  was  distinctly  visible:  it  divided  into 
several  smaller  masses,  which  continued  in  their 
onward  course  before  the  final  explosion  by 
which  it  was  dissipated.  The  rate  of  its  motion, 
according  to  the  lowest  estimate,  was  about  l£ 
mile  in  a second. 

The  diameter  of  the  nucleus  of  those  meteo- 
ric bodies  is  variously  estimated  at  from  100  to 
1000  yards;  and  it  is  obvious  that  a body  of 
much  inferior  size,  moving  with  an  equal  or 
nearly  equaL  velocity,  would  fail  to  attract 
notice,  especially  in  the  day  time,  except  at  the 
period  of  its  actual  explosion.  The  greater 
number  of  instances  of  the  fall  of  meteoric 
stones  are  under  circumstances  which  render 
it  probable  that  they  too  are  occasioned  by  the 
exploding  of  meteors,  which  their  inferior  mag- 
nitude alone  prevents  from  being  visible.  A 
loud  noise,  like  that  of  thunder  or  the  firing  of 
heavy  artillery,  or  the  overturning  of  a load  of 
stones,  sometimes  with,  often  without  any  visi- 
ble flash,  is  the  first  circumstance  which  attracts 
notice  and  excites  alarm,  then  a hissing  like 
the  noise  occasioned  by  the  passage  of  a shot 
through  the  air  is  heard ; a momentary  glance 
of  the  falling  bodies  is  caught,  and  they  are 
perceived  entering  the  surface  of  the  soil,  the 
grass  and  mould  being  at  the  same  time  thrown 
up  on  all  sides,  and  a sulphurous  odour  dif- 
fusing itself  to  some  distance  around.  On 
immediate  search  being  made,  by  digging  in 
the  direction  of  these  holes,  there  is  found, 
at  the  depth  of  a foot  or  two,  a black  roundish 
stone,  sometimes  large  sometimes  small,  often 
too  hot  to  be  held  in  the  hand,  and  smelling 
strongly  of  sulphur.  Such  are  the  general 
phenomena ; the  most  remarkable  examples  are 
as  follow : 

1.  In  the  year  1492,  according  to  Sebastian 
Brandt,  there  fell  from  the  sky  at  Ensisheim  in 
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Upper  Alsace,  a large  somewhat  oval  stone, 
•which  from  this  extraordinary  circumstance 
was  kept  attached  to  a chain  in  the  cathedral 
of  that  place.  The  weight  of  the  stone  was 
about  2 cwts.  externally  it  was  rough,  dull, 
and  of  a dark  colour.  On  being  broken,  it 
presented  a close  grained  texture  and  a blackish- 
grey  colour,  and  contained  interspersed  con- 
fusedly crystallized  grains  of  yellow  pyrites, 
and  of  grey  scaly  non-sulphurous  iron  ore 
attractable  by  the  magnet,  and  therefore  ap- 
proaching to  the  metallic  state.  The  specific 
gravity  of  the  stone  was  3.2 : it  did  not  give 
sparks  with  steel,  and  was  pulverized  without 
difficulty.  It  was  analyzed  by  professor  Bar- 
thold in  the  year  1797,  but  this  analysis  being 
performed  on  the  entire  stone,  and  not  separately 
on  the  three  substances  of  which  it  visibly 
consists,  we  can  only  gather  from  the  result, 
that  it  consists  of  silex,  alumine,  magnesia, 
iron,  sulphur  and  a little  lime.  The  conclusion 
of  the  professor  is,  that  the  stone  of  Ensisheim 
is  a common  argillo-ferruginous  mineral,  and 
that  its  traditionary  origin  is  a mere  super- 
stitious fiction. 

2.  On  ttie  Sd  July,  17 53,  a shower  of  stones, 
each  weighing  from  one  to  twenty  lbs.  and 
upwards,  was  said  to  have  fallen  during  a thun- 
der-storm at  Plann  near  Tabor  in  Bohemia. 
One  of  these  was  deposited  by  Baron  Born  in 
his  cabinet  and  described  in  his  Lithophylacium 
pt.  I.  though  he  considered  the  account  of 
their  origin  to  be  an  idle  story  •,  and  the  cabinet 
of  Baron  Born  coming  into  the  possession  of 
Mr.  Greville,  the  specimen  in  question  was 
found  to  form  a part  of  it. 

3.  On  the  20th  of  August,  1789,  a stone 
15  inches  in  diameter  fell  near  Roquefort  in 
the  Landes,  during  the  explosion  of  a meteor. 
It  broke  through  the  roof  of  a cottage  and 
killed  a herdsman  and  some  cattle. 

4.  In  the  following  year  a shower  of  stones 
fell  in  Armagnac. 

5.  On  the  12th  July,  1794,  about  a dozen 
Stones  of  various  weights  and  dimensions  fell 
in  the  neighbourhood  of  Sienna,  in  the  midst 
of  a most  violent  thunder-storm,  at  the  feet 
of  several  persons,  men,  women,  and  children. 
They  fell  about  eighteen  hours  after  the  enor- 
mous eruption  of  Mount  Vesuvius,  but  at  a 
distance  of  at  least  250  miles  from  that  vol- 
cano. One  of  the  largest  of  these  stones 
weighed  upwards  of  five  lbs.  and  a piece  of 
this  was  brought  by  Sir  Wm.  Hamilton  to 
England. 
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6.  On  the  17th  December,  1795,  a stone 
weighing  56  lbs.  was  seen  by  several  persons 
to  fall  near  Wold  Cottage,  in  Yorkshire:  as  it 
fell  a number  of  explosions  were  heard.  It 
penetrated  through  twelve  inches  of  soil  and 
six  inches  of  solid  chalk-rock,  and  in  burying 
itself  had  thrown  a large  quantity  of  earth  to 
a great  distance  ; wlien  the  stone  was  dug  out 
it  was  warm,  smoaked,  and  smelt  strongly  of 
sulphur.  The  stone  itself  was  exhibited  in 
London,  and  a piece  of  it  was  procured  by  Sir 
Joseph  Banks. 

7.  On  the  19th  December,  1798,  about 
eight  o’clock  in  the  evening,  the  sky  being 
perfectly  without  clouds,  a luminous  meteor 
was  observed  by  the  inhabitants  of  Benares  in 
India,  and  of  the  parts  adjacent,  accompanied 
by  a loud  noise  resembling  irregular  platoon 
firing.  At  a village  about  14  miles  from  the 
city  the  natives  were  alarmed  not  only  by  the 
light  and  the  thundering  noise,  but  with  the 
sound  as  of  heavy  bodies  falling  through  the 
air,  and  the  roof  of  one  cottage  was  actually 
broken  through  by  a stone  weighing  above 
two  lbs.  which  buried  itself  to  the  depth  of 
several  inches  in  the  consolidated  earth  cf  which 
the  floor  was  formed.  The  next  morning  the 
inhabitants  perceived  the  ground  to  be  pierced 
and  turned  up  in  various  places,  and  in  these 
on  digging  to  the  depth  of  some  inches  they 
found  stones  perfectly  similar  in  external  ap- 
pearance to  that  which  had  forced  its  way 
through  the  roof  of  the  hut.  They  were  of 
various  sizes,  from  about  three  inches  to  up- 
wards of  four  in  their  largest  diameter.  Some 
of  these,  with  a detailed  account  of  the  circum- 
stances above  related,  were  transmitted  to  Eng- 
land in  the  following  year. 

Thus  there  happened  to  be  at  the  same  time 
in  England  specimens  from  four  different  parts, 
viz.  from  Bohemia,  from  Sienna,  from  Benares, 
and  from,  Yorkshire,  of  stones  said  to  have 
fallen  from  the  sky.  The  date  of  three  at  least 
of  these  analogous  events,  was  so  recent  and 
the  circumstantial  and  direct  testimony  in  their 
favour  was  so  powerful,  that  the  narrations 
however  extraordinary  and  however  they  might 
separately  have  been  discredited,  could  not  fail 
of  exciting  a degree  of  attention  proportioned 
to  their  importance.  One  of  the  consequences 
of  this  was  a chemical  examination  of  these 
four  specimens  by  Ed.  Howard,  Esq.  F.R.S.* 
and  an  accurate  description  of  their  external 
characters  and  physical  properties  by  Count 
Bournon. 
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The  stones  from  Benares  are  covered  with  a 
thin  crust  of  a deep  black  colour,  without  any 
lustre,  and  sprinkled  over  with  small  asperities 
which  cause  it  to  feel  like  fish-skin.  Internally 
they  ai'e  of  a greyish  ash  colour,  and  of  a gra- 
nulated texture,  like  that  of  a coarse  grit-stone. 
They  are  evidently  composed  of  four  different 
substances.  One  of  these  (and  that  which 
forms  the  greatest  part  of  the  entire  mass)  is 
in  the  form  of  distinct  concretions,  more  or  less 
globular,  varying  in  magnitude  from  the  size 
of  a small  pin’s  head  to  a pea:  their  colour 
is  grey,  inclining  more  or  less  to  brown,  and 
they  are  perfectly  opake.  They  are  easily  fran- 
gible in  all  directions,  and  display  a compact 
conchoidai  fracture  with  a slight  degree  of  lustre 
resembling  enamel,  the  hardness  is  about  equal 
to  that  of  glass,  and  they  give  a few  feeble 
sparks  with  steel.  Another  of  the  substances 
is  reddish  yellow  iron  pyrites,  which  when  pul- 
verized becomes  black  ; it  is  not  attractable  by 
the  magnet,  and  is  irregularly  dispersed  through 
the  substance  of  the  stone.  The  third  sub- 
stance is  iron  in  minute  particles,  and  perfectly 
malleable  : its  proportion  to  the  whole,  as  esti- 
mated from  pulverizing  the  stone  and  separating 
the  iron  by  means  of  a magnet,  is  about  2 per 
cent.  These  three  substances  are  held  together 
by  a fourth,  which  is  soft,  of  an  earthy  consis- 
tence, and  a grey  colour.  The  black  crust  by 
which  the  surface  of  the  stone  is  coated,  al- 
though of  inconsiderable  thickness,  affords 
bright  sparks  when  struck  with  steel,  and  ap- 
pears to  consist  principally  of  magnetic  black 
oxide  of  iron.  The  specific  gravity  of  the  entire 
stone  is  3.35. 

The  stone  from  Yorkshire  presents  similar 
constituent  parts  with  that  from  India,  with  the 
following  exceptions.  The  distinct  concretions 
are  smaller,  and  of  a more  irregular  figure. 
The  proportion  of  iron  pyrites  is  less  ; that  of 
the  metallic  iron  is  considerably  greater,  amount- 
ing to  8 or  9 per  cent,  and  the  iron  itself  instead 
of  being  in  minute  distinct  grains  was  in  ir- 
regularly shaped  pieces,  some  of  which  weighed 
several  grains.  The  earthy  part  of  the  stone 
has  rather  more  consistence  than  that  of  the 
former  specimen,  and  greatly  resembles  in  ap- 
pearance decomposed  felspar  or  kaolin.  The 
specific  gravity  of  the  stone  is  3.5. 

The  stone  from  Sienna  was  black  externally, 
and  internally  was  coarsely  granular  like  the 
specimen  from  Benares.  Its  specific  gravity 
was  3.41.  In  it  might  be  perceived  the  same 
globular  concretions,  the  same  kind  of  iron 
pyrites,  and  the  same  grains  of  metallic  iron, 
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the  proportion  of  this  last  somewhat  exceeded 
that  afforded  by  the  specimen  from  Benares. 
The  same  kind  of  grey  earthy  substance  served 
to  connect  the  different  parts  together.  But, 
beside  the  ingredients  above  mentioned,  there 
were  a few  globules  of  black  magnetic  oxide  of 
iron,  and  a single  globule  of  a pale  greenish- 
yellow  colour  ; this  latter  was  completely  trans- 
parent, had  a perfectly  vitreous  lustre  and  frac- 
ture. and  in  hardness  was  rather  inferior  to  cal- 
careous spar. 

The  stone  from  Bohemia  greatly  resembles 
that  from  Yorkshire.  In  it  may  be  observed 
the  same  grey  substance  both  in  globular  and 
irregular  concretions,  also  the  same  particles  of 
metallic  iron,  and  the  same  kind  of  earthy  sub- 
stance connecting  together  the  other  parts.  It' 
differs  however  from  the  others  in  the  particles 
of  pyrites  being  so  small  as  not  to  be  visible 
without  the  help  of  a lens ; and  in  the  propor- 
tion of  metallic  iron  amounting  to  about  25  per 
cent,  of  the  entire  mass.  Its  specific  gravity 
was  4.28. 

The  ingredients  -being  the  most  distinct  in 
the  specimen  from  Benares,  was  the  induce- 
ment to  Mr.  Howard  to  commence  his  chemi- 
cal examination  with  this.  Some  pieces  of  py- 
rites to  the  amount  of  16  grains  being  carefully 
picked  out  from  among  the  other  substances 
were  digested  at  a low  heat  with  diluted  mu- 
riatic acid.  A small  quantity  of  sulphureted 
hydrogen  was  disengaged,  and  after  a time  all 
that  remained  undissolved  was  earthy  matter 
to  the  amount  of  two  grains  (thus  reducing  the 
real  quantity  of  pyrites  operated  on  to  14  grs.) 
and  about  2 grains  of  sulphur.  The  solution 
was  saturated  with  ammonia,  upon  which  a 
precipitation  of  oxide  of  iron  took  place,  and 
the  supernatant  fluid  acquired  a violet  purple 
colour  ; this  latter,  having  previously  been 
found  to  contain  not  copper  but  nickel,  was 
decomposed  by  sulphuretted  hydrogen.  The 
oxide  of  iron  after  ignition  weighed  15  grains, 
and  the  sulphuret  of  nickel  being  reduced  to  an 
oxide  by  calcination  weighed  something  more 
than  one  grain.  From  these  data  Mr.  Howard 
considers  the  pyrites  as  composed  of  lOj  iron, 

1 nickel  and  2 sulphur,  estimating  the  per-oxide 
of  iron  to  contain  55  per  cent,  of  metal.  On 
examination  however  it  appears  that  certain 
difficulties  or  mistakes  adhere  to  these  results, 
which  make  the  analysis  by  no  means  so  correct 
as  it  appears  to  be.  First,  Mr.  H.  from  his 
own  experiments  states  that  100  parts  of  iron 
afford  145  grains  of  oxide  by  solution  in  mu- 
riatic acid  precipitation  by  ammonia,  and  sub- 
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teijuent  ignition,  hence  this  oxide  contains  70 
per  ce  it.  of  metal,  but  by  the  concurrence  of 
Proust,  Davy,  Thomson,  Berzelius  and  all  the 
best  authorities,  the  pet-oxide  of  iron  contains 
about  52  per  cent,  of  metal,  and  the  protoxide* 
73  per  cent.  hence  it  is  evident  that  Mr. 
Howard’s  oxide  was  a mixture  of  the  two,  and 
was  not  sufficiently  calcined.  Secondly,  allow- 
ing with  Mr.  H.  that  the  real  quantity  of  iron 
was  10.5  grains,  this  when  combined  with  sul- 
phur in  the  only  two  proportions  in  which  it 
is  capable  of  combining,  would  produce  16.5 
grains  of  magnetic  pyrites,  or  21.5  of  the  com- 
mon kind.  Again,  there  is  the  distinct  testi- 
mony of  Count  Bournon  that  the  pyrites  was 
not  magnetic,  and  the  equally  distinct  testi- 
mony of  Mr.  H.  that  it  was  decomposable  by 
muriatic  acid,  and  that  a little  sulphuretted  hy- 
drogen was  at  the  same  time  evolved.  But  of 
the  two  known  kinds  of  pyrites  the  magnetic 
alone  is  decomposable  by  muriatic  acid  with 
evolution  of  sulphuretted  hydrogen.  We  must 
therefore  either  suppose  some  error  in  the  ana- 
lysis, or  that  the  pyrites  in  question  differs  es- 
sentially from  the  only  two  that  chemistry  as 
yet  acknowledges.  In  either  case  all  that  can 
be  concluded  from  the  analysis  is  the  presence 
of  much  iron,  of  a little  sulphur,  and  of  less 
nickel. 

After  examining  the  pyrites  Mr.  H.  under- 
took the  analysis  of  the  metallic  iron  of  the 
aerolite,  which  being  treated  in  the  Way  already 
described  in  the  article  Iron,  appeared  to  be  an 
alloy  of  about  17  parts  iron  and  G nickel. 

The  globular  concretions  were  then  analysed 
by  fusion  with  potash  in  the  usual  way  and 


afforded 

50 

silex 

15 

magnesia 

34 

oxide  of  iron 

2.5  oxide  of  nickel 
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Lastly,  the  earthy  matter,  which  served  as  a 
cement  for  the  three  other  ingredients,  was 
examined  in  the  same  manner  as  tire  globular 
concretions  were,  and  yielded 
48  silex 
18  magnesia 
34  oxide  of  iron 
24  oxide  of  nickel 
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The  excess  in  both  these  analyses  is  no  doubt 
to  be  attributed  to  the  difference  of  oxydat'ion 
of  the  iron  as  existing  in  the  substance  and  as 
obtained  by  analysis. 

The  component  parts  of  the  stones  from 
Sienna,  from  Yorkshire,  and  from  Bohemia, 
being  in  too  small  grains  to  allow  of  their  se- 
paration with  sufficient  exactness,  a small  por- 
tion of  each  specimen  was  pulverized  and  ex- 
amined in  the  usual  way.  They  all  afforded 
silex,  magnesia,  the  oxides  of  iron  and  of  nickel, 
and  nothing  else ; thus  exhibiting  a perfect 
analogy  with  each  other  and  with  the  aerolite 
from  Benares. 

It  deserves  to  be  remarked  how  striking  a 
resemblance  as  to  their  component  parts  exists 
between  the  earthy  parts  of  these  aerolites,  and 
the  granular  peridot  or  olivine  which  is  almost 
peculiar  to  basalt;  this  substance  being  com- 
posed according  to  Klaproth  of 

50  silex 
38  magnesia 
12  oxide  of  iron 

It  is  further  worthy  of  notice  that  the  exter- 
nal characters  of  the  small  transparent  globule 
found  in  the  stone  from  Sienna  for  the  most 
part  agree  with  those  of  the  transparent  globules 
that  occur  in  the  cells  of  the  supposed  meteoric 
iron  from  Siberia ; and  that  these  are  also' 
strikingly  similar  to  those  of  olivine. 

It  remains  to  take  some  notice  of  a few  other 
aerolites  of  still  more  recent  origin,  and  which 
have  exhibited  certain  peculiarities  in  their 
analysis. 

8.  On  a the  12th  of  March,  1798,  the  air 
being  calm  and  without  clouds,  the  inhabitants 
of  Valence,  in  the  Lyonnais,  and  its  neighbour- 
hood, were  alarmed  with  the  appearance  of  a 
meteor,  accompanied  by  a singular  noise,  and 
exhibiting  partial  explosions.  It  was  seen  to 
fall  in  a vineyard,  and  on  the  day  after,  when 
the  terror  of  the  peasants  had  in  a degree  sub- 
sided, an  officer  of  the  police  being  present, 
search  was  made  in  the  vineyard,  a recent  ir- 
regular hole  of  the  depth  of  about  20  inches 
presented  itself,  at  the  bottom  of  which  was 
found  a black  stone  weighing  above  20  lbs.  On 
being  broken  it  appeared  to  be  composed  of  a 
granular  ash-grey  earthy  matter,  in  which  were 
imbedded  grains  of  metallic  iron,  and  of  pale 
reddish  yellow  pyrites,  with  globular  concre- 
tions of  a grey  colour,  and  some  small  irregular 
masses  of  a substauce  resembling  olive  coloured 
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steatite.  A portion  of  the  entire  stone  being 
analysed  by  Vauquelin  afforded 
46.  silex 
15.  magnesia 
2.  lime 

38.  oxide  of  iron 
2.  oxide  of  nickel 
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9.  On  the  26th  of  April,3  1803,  about  one 
o’clock  in  the  afternoon,  the  air  being  calm  and 
only  a few  clouds  floating  in  the  sky,  a brilliant 
meteor  was  observed  moving  rapidly  from  S. 
to  N.  in  the  vicinity  of  the  town  of  l’Aigle, 
in  Normandy.  In  a few  seconds  afterwards 
there  was  heard  at  l’Aigle,  and  all  around  to 
the  distance  of  even  90  miles  radius,  a violent 
explosion  which  lasted  five  or  six  minutes  : this 
was  succeeded  by  three  or  four  bursts  like  the 
discharge  of  cannon,  and  by  a number  of 
smaller  explosions  like  musket  firing,  the  whole 
being  terminated  by  a noise  like  the  roll  of  a 
prodigious  drum.  These  sounds  evidently  pro- 
ceeded from  a small  cloud  which  appeared  to 
be  nearly  stationary  during  the  whole  time, 
and  the  vapours  of  which  it  was  composed 
were  thrown  out  on  all  sides  during  each  ex- 
plosion. The  inhabitants  of  the  district  imme- 
diately under  the  cloud  were  also  alarmed  by 
the  hissing  noise  as  of  stones  discharged  from 
slings,  and  at  the  same  time  a multitude  of 
masses  of  solid  matter  were  observed  to  fall  to 
the  ground.  The  area  upon  which  these  stones 
fell  is  an  irregular  ellipse  about  7 miles  long 
by  3 miles  wide  ; the  largest  stones  were  found 
at  the  S.  Eastern  extremity  of  this  space,  the 
smallest  ones  at  the  opposite  extremity,  while 
the  middle-sized  occupied  the  middle  of  the 
area.  The  size  of  the  stones  varied  from  181bs. 
to  a quarter  of  an  ounce : their  number  could 
not  be  ascertained,  but  they  certainly  amounted 
to  some  thousands.  They  were  so  hot  when 
they  fell  as  to  burn  those  who  attempted  to 
take  them  up,  their  odour  was  sulphureous,  or 
rather  like  that  arising  from  the  discharge  of 
gunpowder.  In  their  external  characters,  and 
as  far  as  can  be  judged  from  a coarse  analysis 
of  them  by  M.  Sage,  they  bear  a close  analogy 
to  those  vhich  have  been  already  described. 

10.  On  the  15th  of  March,  1806, b a loud 
explosion  with  a roll  like  thunder  was  heard 
at  Valence  Dept.  Du  Gard,  and  immediately 
afterwards  a stone  weighing  about  4 lbs.  was 
observed  to  fall  \ in  its  descent  it  broke  a 
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branch  of  a fig-tree  and  buried  itself  a few 
inches  in  the  soil,  (at  the  same  time  another 
stone  of  the  weight  of  eight  or  nine  lbs.  was 
observed  to  fall  in  the  adjacent  district  of  St. 
Etienne).  This  aerolite  differs  greatly  in  ap- 
pearance from  all  those  that  have  been  hitherto 
observed.  It  is  black  throughout  its  whole 
substance,  and  is  composed  of  slightly  adhering 
friable  lamellae  ; when  rubbed  on  paper  it  leaves 
a grey  trace  not  unlike  that  of  plumbago  : it 
acquires  a kind  of  bituminous  polish  by  friction, 
and  by  bruising  in  a mortar  it  is  reduced  to 
thin  flat  plates  instead  of  powder.  When 
heated  it  exhales  a slightly  bituminous  odour. 
Its  specific  gravity  is  1.94.  Certain  small  gra- 
nular portions  of  the  stone  were  found  to  be 
attracted  by  the  magnet.  When  calcined  in 
contact  with  air  its  colour  soon  changed  from 
black  to  red,  without  losing  any  weight ; but 
when  ignited  in  a small  retort  it  remained 
black,  gave  out  a little  carbonic  acid,  and  lost 
about  17  per  cent,  of  its  weight,  which  pro- 
bably was  water,  which  its  porous  structure 
enables  it  readily  to  absorb.  By  ebullition  with 
muriatic  acid  it  affords  a very  small  quantity 
of  sulphuretted  hydrogen.  It  has  been  analysed 
by  Vauquelin  with  the  following  result : 

38.  sub-oxide  of  iron 
30.  silex 
14.  magnesia 
2.  oxide  of  nickel 
2.  oxide  of  manganese 
2.  oxide  of  chrome 
2.5  carbonaceous  matter 


90.5 

9.5  sulphur,  water,  and  loss 

An  analysis  of  the  same  substance  has  been 
published  by  Thenard,  who  found  in  it  the 
same  ingredients  as  those  already  mentioned, 
but  in  somewhat  different  proportions.  Mr. 
Howard’s  analyses  of  the  aerolites  related  above, 
were  not  calculated  to  detect  the  presence  either 
of  manganese  or  of  chrome;  as  far  therefore 
as  certainly  appears,  the  loose  texture  of  this 
stone  and  the  presence  of  a little  carbonaceous 
matter  are  the  principal  circumstances  in  which 
it  differs  from  the  other  meteoric  stones.  If 
at  the  period  of  its  formation  or  explosion  it 
had  been  subjected  to  a high  degree  of  heat, 
the  iron  and  other  metals  would  have  been 
deoxygenated  at  the  expence  of  the-  carbon* 
and  this  would  probably  have  also  induced  a 
greater  compactness  of  structure,  in  which  case 

* Arm.  de  Cliifli*  lix.  p.  34.  104* 
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the  composition  ami  probably  the  external  cha- 
racters would  have  been  strictly  analogous  to 
those  of  the  other  aerolites. 

11.  On  the  22d  of  May  1809,“  an  aerolite, 
or  rather  several,  fell  at  Stannern  in  Moravia. 
Of  the  circumstances  attending  its  fall  there  is 
no  published  account  ; the  following  are  the 
external  characters  of  a specimen  in  the  pos- 
session of  the  Count  d’Unin,  and  procured  by 
him  on  the  spot.  Its  external  surface  is  black, 
and  shows  evident  signs  of  fusion.  Internally 
it  presents  a pale  ash-grey  earthy  base  in  which 
are  disseminated  some  concretions  of  a darker 
colour,  and  more  compact  than  the  rest  of  the 
mass  ; a few  dispersed  grains  of  pyrites  are  also 
visible.  The  entire  stone  is  tender,  friable,  and 
its  specific  gravity  is  3. 19.  It  is  not  attracted  by 
the  magnet,  but  before  the  blow-pipe  it  fuses 
with  difficulty  into  a black  glass,  which  is  then 
acted  on  by  the  magnet.  On  digestion  in  mu- 
riatic acid  it  affords  a very  small  quantity  of 
sulphuretted  hydrogen.  It  has  been  analysed 
by  Klaproth,  by  M.  Moser  of  Vienna,  and  by 
Vauquelin.  The  particulars  of  Klaproth’s  ana- 
lysis we  are  unacquainted  with,  being  only 
informed  in  general  that  the  composition  of  this 
aerolite  bears  a strong  resemblance  to  that  of 
basalt.  Vauquelin’s  analysis,  which  was  per- 
formed with  much  care,  gives  the  following 
constituent  parts  of  the  entire  stone. 

30.  silex 
12.  lime 
9.  alumine 
29.  oxide  of  iron 
1.  oxide  of  manganese 

nickel  and  sulphur,  of  each  a trace. 

101. 


Hence  it  appears  that  the  Moravian  aerolite 
is  specifically  different  from  all  those  that  have 
hitherto  been  described,  by  the  absence  of  mag- 
nesia, and  the  presence  of  lime  and  of  alumine. 

12.  The  last  meteoric  stoneb  that  we  shall 
mention  is  one  that  fell  near  Sigena  in  Arragon, 
in  the  year  1773,  and  was  deposited  in  the  royal 
museum  at  Madrid.  In  1805  M.  Proust  ob- 
tained leave  to  analyse  a portion  of  it,  and  to 
publish  the  result,  with  a description  of  the 
stone.  Its  present  weight  is  6 lbs  lOoz.  but 
several  fragments  have  been  broken  from  it : 
where  the  surface  is  unbroken  it  presents  the 
black  vitreous  crust  which  is  characteristic  of 
most  of  these  bodies.  Its  colour  internally 
is  a light  bluish  grey.  It  is  an  aggregate  of 

a Ann.de  Cliim.  Ixx.  321.  k Journ.  de  Phys,  1805. 
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globular  concretions  the  largest  of  which  aiv? 
scarcely  bigger  than  hemp-seeds,  and  which  on 
examination  with  a lens  are  evidently  covered 
over  with  extremely  minute  crystalline  points. 
Intermixed  irregularly  with  these  concretions' 
are  particles  of  bronze  coloured  pyrites  and  of 
metallic  matter.  On  pulverizing  portions  of 
the  stone,  and  separating  by  the  magnet  the 
metallic  particles,  their  proportion  to  the  rest 
of  the  mass  was  found  to  vary  from  17  to  22. 
per  cent.  This  metallic  matter  was  an  alloy  of 
iron  and  nickel  in  the  proportion  of  97  of  the 
former  to  about  3.  of  the  latter.  The  rest  of 
the  stone,  including  the  pyrites,  was  then  ana- 
lysed and  afforded  by  the  usual  methods, 

12.  sub-sulphuret  of  iron 
5.  black  oxide  of  ditto 
G6.  silex 
20.  magnesia 

103. 


The  excess  of  weight  in  this  as  in  the  pre- 
ceding cases  is  no  doubt  to  be  attributed  to  the 
oxidation  of  the  iron. 

AFFINITY. 

M.  Berthollet,  one  of  the  most  profound  and 
eminent  chemical  philosophers  of  the  age,  has 
endeavoured  to  shew  that  it  is  the  tendency  of 
ehemical  affinity  to  combine  bodies  in  all  pro- 
portions, so  that  where  any  limits  to  this  in- 
definite combination  appear,  they  arise  from 
the  operation  of  circumstances  distinct  frora- 
chemicaj  affinity,  which  essentially  modify  its 
action. 

On  the  other  hand  it  is  advanced  by  many 
most  ingenious  chemists,  and  supported  by  a 
daily  encreasing  body  of  experiments,  that  sub- 
stances unite  in  proportions  which  are  rendered 
definite  by  the  sole  operation  of  their  mutual 
affinity,  and  are  equally  definite  whether  only 
one  or  more  compounds  of  the  same  bodies 
exist. 

To  this  opinion,  which  has  been  advanced 
by  Richter,  Proust,  and  other  eminent  che- 
mists, Mr.  Daltona  has  added  a most  important 
rule  (supported  by  a variety  of  striking  examples) 
which  is,  that  where  two  bodies  combine  in 
different  proportions,  if  the  quantity  of  one  of 
them  be  assumed  as  a fixed  number,  the  pro- 
portions of  the  other  body  that  unite  to  it  are 
in  the  simplest  possible  ratio  to  each  other,  be- 
ing produced  by  multiplying  the  lowest  propor- 
tion by  a simple  integral  number  as  2,  3,  4r,  & c. 

Thus  for  example,  if  a metal  can  combine 
» New  System  of  Chemical  Philosophy. 
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chemically  with  different  proportions  of  oxygen, 
if  100  of  the  metal  take  9 of  oxygen  for  the 
lowest  degree  of  oxygenation,  all  the  other  de- 
grees will  be  in  the  proportion  of  100  of  metal 
to  twice  9 (IS)  of  oxygen;  or  100  of  metal  to 
three  times  9 (27)  of  oxygen  ; or  100  of  metal 
to  four  times  9 (36)  of  oxygen,  See.  &c.  A rea- 
son for  this  simplicity  in  the  ratio  of  binary 
compounds  maybe  found  in  the  general  principle 
assumed  by  Mr.  Dalton,  which  is,  that  in  all 
cases  the  simple  elements  of  bodies  are  disposed 
to  unite  atom  to  atom  singly,  or  if  either  is  in 
excess  it  exceeds  by  a ratio  to  be  expressed  by 
some  simple  multiple  of  the  number  of  its 
atoms. 

Hence,  from  the  relative  weights  of  the  con- 
stituent parts  of  a compound,  Mr.  Dalton  infers 
the  relative  weights  of  the  ultimate  particle  or 
atom  of  each  of  these  parts ; and,  this  being 
found,  the  number  of  atoms  of  each  constituent 
which  enters  into  the  formation  of  the  com- 
pound particle  is  also  deduced. 

Thus  (taking  a compound  of  two  constituent 
parts  A and  B.  as  the  simplest  case)  if  its  ele- 
ments are  found  by  experiment  to  unite  in  the 
proportion  of  5 of  A to  7 of  B,  it  is  inferred  by 
Mr.  Dalton  that  the  numbers  5 and  7 express 
the  comparative  weight  of  an  atom  of  A and  B. 
respectively.  And  these  elements,  though  uni- 
ting in  several  proportions,  will  yet  be  found 
by  experiment  to  be  confined  to  either  5 A to 
14,  21,  28,  &c.  ofB.  which  is,  one  atom  of  A 
to  2,  3,  4,  &c.  atoms  of  B ; or  conversely  it 
will  be  7 13  to  10,  15,  20,  &c.  of  A,  which  is 
one  atom  of  B,  to  2,  3,  4,  &c.  atoms  of  A.  It 
is  essential  to  the  consistency  of  this  system 
therefore,  that  there  should  be  no  other  propor- 
tions of  combination  between  these  two  ele- 
ments, unless  indeed  it  be  one  that  is  expressed 
by  an  even  sub-division  of  one  of  these  propor- 
tions, as  for  example,  5 A to  7,  10|,  14,  &c. 
of  B ; in  which  case  the  10|  being  resolvable 
into  three  portions  of  3|  each,  the  number  ex- 
pressing the  relative  weight  of  an  atom  of  B, 
must  be  reduced  to  3|  instead  of  7,  and  conse- 
quently the  several  proportions  of  7,  10y,  14, 
and  21  of  B,  will  be  resolved  respectively  into 
2,  3,  4,  and  6 atoms  of  B. 

To  verify  the  numbers  expressing  the  relative 
weights  of  an  atom  of  A and  B,  (supposing 
that  of  A to  be  assumed  as  5,  and  that  of  B as 
7)  let  them  each  be  examined  in  their  separate 
compounds  with  a third  body,  C.  1 hen,  sup- 
pose that  in  the  simplest  binary  compound  of 
A and  C,  analysis  discovers  3 parts  by  weight 
of  C,  to  5 of  A,  it  is  assumed,  that,  as  5 is 
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taken  as  the  numerical  expression  of  an  atom 
of  A,  the  number  expressing  an  atom  of  C. 
must  be  3 ; and  consequently , if  this  mode  of 
estimation  be  just,  it  will  also  be  found  by  ex- 
periment that  in  the  simplest  combination  of  C 
with  B,  7 parts  of  B will  unite  exactly  with  3 
parts  of  C.  This  supposes  indeed  that  this 
simple  combination  of  one  atom  of  each  body 
is  known  by  experiment ; but  even  if  this 
should  not  be  the  case,  the  general  principle 
will  not  be  contravened,  if,  instead  of  a single 
portion  of  C being  found,  there  should  be  a 
double,  triple,  or  quadruple  portion,  provided 
the  radical  number  or  common  divisor  is  3,  that 
of  B being  7. 

To  illustrate  this  by  an  example  from  Mr. 
Dalton  (in  which  however  the  numbers  as- 
sumed are  not  perfectly  accurate  though  suffi- 
cunt  for  the  present  purpose.)  The  substance 
of  which  as  far  as  we  yet  know  the  smallest 
relative  weight  enters  into  chemical  combina- 
tion is  hydrogen,  and  on  this  account  the 
weight  of  its  atom  is  assumed  as  unity,  and  is  the 
standard  of  comparison  for  the  relative  weight 
of  the  atom  of  all  other  bodies.  The  only  com- 
pound of  hydrogen  and  oxygen  that  we  know 
is  water,  in  which  the  oxygen  is  to  the  hydrogen 
as  7 to  1.  The  number  7 therefore  is  assumed 
as  the  relative  weight  of  the  atom  of  oxygen, 
and  water  is  a binary  compound  containing  an 
atom  of  hydrogen  with  an  atom  of  oxygen  in 
every  atom  of  water.  Sulphuretted  hydrogen- 
is  composed  according  to  Mr.  Dalton  of  13 
parts  by  weight  of  sulphur  and  1 of  hydrogen. 
If  it  be  assumed  that  an  atom  of  sulphuretted 
hydrogen  contains  an  atom  of  sulphur  united  to 
an  atom  of  hydrogen,  the  relative  weight  of 
an  atom  of  sulphur  must  be  13.  To  prove  that 
this  number  13  may  be  assumed  as  the  weight 
of  an  atom  of  sulphur,  let  it  be  examined  in  it* 
compounds  with  oxygen,  and  if  correct,  all  the 
compounds  of  these  two  elements  will  contain 
for  every  13  parts  by  weight  of  sulphur,  either 
7,  or  14,  or  21,  & c.  paris  of  oxygen,  according 
as  the  compound  contains  to  every  atom  of  sul- 
phur one,  or  two,  or  three  atoms  of  oxygen. 

Now  according  to  Mr.  Dalton  Sulphureous 
acid  actually  contains  13  parts  by  weight  of 
sulphur  to  14  of  oxygen,  and  therefore  its 
atom  consists  of  one  atom  of  sulphur  to  two 
atoms  of  oxygen  •,  and  Sulphuric  acid  consists 
of  13  parts  by  weight  of  sulphur  to  21  of  oxy- 
gen, or  one  atom  of  the  former  to  three  atom$ 
of  the  latter. 

Phis  hypothesis  therefore  is  perfectly  con- 
sistent in  the  above  examples- 
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The  comparative  weight  of  each  atom  being 
thus  ascertained,  the  relative  diameter  of  the 
atom  is  found  by  comparing  its  relative  weight 
with  the  specific  gravity  of  the  substance  of 
which  the  atom  is  an  integrant  particle.  But 
as  this  part  of  Mr.  Dalton’s  system  is  not  es- 
sential to  our  present  purpose  we  shall  not 
pursue  it. 

Not  oniy  do  elementary  atoms  unite  in  defi- 
nite proportions  but  also  compound  particles 
unite  in  the  same  manner.  Thus  both  sul- 
phuric acid  and  potash  are  compound  particles, 
being  each  oxyds,  the  one  of  sulphur  and  the 
other  of  potassium.  But  as  potash  combines 
with  two  different  proportions  of  sulphuric 
acid,  one  being  just  double  the  quantity  of  the 
other,  the  compound,  sulphat  o f potash,  may 
with  propriety  be  considered  as  composed  of  an 
edom  of  potash  with  an  atom  of  sulphuric  acid, 
and  the  compound,  super-sulphat  of  potash , 
rnay  be  considered  as  consisting  of  one  atom  of 
potash  to  two  atoms  of  sulphuric  acid. 

Mr.  Dalton  gives  the  term  Binary  atom  to 
any  compound  of  two  elements  in  which  one 
atom  of  each  is  combined,  and  hence  there 
can  be  but  one  species  of  binary  compound  of 
any  two  elements. 

A Ternary  Atom  is  composed  of  two  atoms 
of  one  of  the  elements  with  one  atom  of  the 
other,  and  hence  there  may  be  two  species  of 
ternary  atoms  of  the  same  element,  according  as 
one  or  other  is  in  the  greater  proportion.  Thus 
an  atom  of  nitrous  oxyd  is  a ternary  compound 
of  two  atoms  of  azote  and  one  atom  of  oxygen; 
and  on  the  other  hand  nitrous  acid  is  alsd  a 
ternary  compound  of  the  same  elements,  but 
consisting  of  one  atom  of  azote  with  two  atoms 
of  oxygen. 

A Quaternary  Atom  is  composed  of  three 
atoms  of  one  element  with  one  atom  of  the 
other,  and  hence  also  there  may  be  two  species 
of  quaternary  atoms  as  either  element  predomi- 
nates ; and  so  on  of  the  other  numbers. 

We  shall  now  proceed  to  mention  a number 
of  facts  that  illustrate  in  a striking  manner  the 
chemical  union  of  substances  in  ehfuiite  pro- 
portions. 

If  one  measure  of  pure  oxygen  and  two 
measures  of  hydrogen  be  mixed  in  a jar  over 
mercury  and  ignited  by  the  electric  spark,  both 
the  gasses  will  disappear,  and  water  will  be  pro- 
duced. If  two  measures  of  each  gas  be  used, 
water  will  be  produced  as  before,  but  one  mea- 
sure of  oxygen  will  remain.  Hydrogen  there- 
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fore  unites  with  water  in  one  exact  proportion, 
and  in  no  other. 

If  a piece  of  well  burnt  charcoal  be  confined 
in  oxygen  gas  and  inflamed  by  a burning  glass 
the  volume  of  gas  is  not  altered  when  again 
cooled,  but  the  whole  is  converted  into  carbonic 
acid  gas.  If  more  oxygen  be  present  than  is 
necessary  for  the  consumption  of  the  charcoal, 
the  products  will  be  carbonic  acid  gas  and  an 
excess  of  oxygen;  if  there  is  less  oxygen  than 
will  consume  the  charcoal,  carbonic  acid  alone 
will  be  produced,  and  part  of  the  charcoal  will 
remain  unconsumed. 

The  combination  of  two  elements  in  several 
definite  proportions  is  very  happily  shewn  by 
the  various  compounds  of  oxygen  and  azote. 
These  are  nitrous  oxyd,  nitrous  gas,  and  nitrous 
acid  gas. 

If  two  measures  of  Nitrous  Oxyd,  and  two 
measures  of  hydrogen  are  ignited  by  the  electric 
spark,  the  product  is  water,  and  two  measures 
of  azote  remain.  Now  as  water  is  produced 
by  two  measures  of  hydrogen  and  one  of  oxygen 
the  nitrous  oxyd  here  employed  must  have 
consisted  of  two  measures  of  azote  with  one  of 
oxygen  condensed  into  the  space  of  one  measure. 

If  charcoal  is  ignited  in  two  measures  of 
Nitrous  gas  the  products  are  one  measure  of 
carbonic  acid  gas  and  one  measure  of  azote. 
Hence,  as  carbonic  acid  gas  always  occupies 
the  same  volume  as  the  oxygen  of  which  it  is 
formed,  nitrous  gas  consists  of  equal  volumes 
of  oxygen  and  of  azote  not  condensed  by  their 
union. 

If  two  measures  of  nitrous  gas  be  mixed 
over  water  with  one  measure  of  oxygen  gas, 
both  of  them  totally  disappear,  and  a solution 
of  Nitrous  arid  gas  in  water  is  the  result. 

In  all  the  above  examples  the  proportions  of 
azote  and  oxygen  encrease  or  diminish  by  equal 
quantities,  and  no  intermediate  states  of  combi- 
nation are  known. 

Dr.  Wollaston  has  given  some  striking  expe- 
riments in  illustration  of  this  theory  of  definite 
proportions  in  the  composition  of  some  super- 
acid and  sub-acid  salts, k which  may  be  here 
mentioned  as  they  are  easily  performed.  Let  two 
grains  of  crystallized  carbonat  of-  potash  re- 
cently prepared  be  wrapped  in  thin  paper,  and 
passed  up  into  an  inverted  tube  filled  with  mer- 
cury, and  let  the  gas  be  extricated  from  it  by 
muriatic  acid,  and  the  space  it  occupies  be 
marked  on  the  tube.  Then  let  four  grains  of 
the  same  carbonat  be  exposed  for  a short  time  to 
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a,  red-heat,  and  afterwards  let  the  gas  be  ex- 
pelled from  it  in  the  same  apparatus,  and  it  will 
be  found  to  occupy  exactly  the  same  space  as 
that  obtained  from  the  two  grains  of  crystallized 
salt  in  the  former  experiment. 

The  same  results  are  obtained  from  the 
super-carbonat  and  the  sub-carbonat  of  soda. 

Super-sulphat  of  potash  in  like  manner  con- 
tains twice  the  quantity  of  acid  as  the  neutral 
sulphat.  Let  twenty  grains  of  carbonat  of  pot- 
ash be  mixed  with  about  twenty-five  grains  of 
sulphuric  acid  in  a covered  platina  crucible,  or 
in  a glass  tube,  and  this  mixture  gradually 
heated  till  it  ceases  to  boil  and  becomes  slightly 
red-hot.  This  will  produce  the  super-sulphat 
of  potash,  which  will  be  very  nearly  neutralized 
by  an  addition  of  20  grains  of  the  same  car- 
bonat of  potash. 

The  common  super-oxalat  of  potash  is  shewn 
by  Dr.  Thomson  to  consist  of  potash  united  to 
twice  the  quantity  of  oxalic  acid  necessary  to 
saturate  it.  If  two  equal  portions  of  this  super- 
oxalat  be  taken,  and  one  portion  calcined  so  as 
to  destroy  the  acid,  the  alkali  that  remains  will 
be  just  sufficient  to  saturate  the  other  portion. 

When  nitric  or  muriatic  acid  is  added  to  the 
common  super-oxalat  of  potash,  the  latter  salt 
is  only  partially  decomposed,  and  crystals  form 
in  the  mixture  which  are  found  on  examination 
to  be  a Quadroxalat  of  Potash , or  potash 
with  four  times  as  much  acid  as  will  saturate  it. 

The  formation  of  these  various  salts  with  a 
definite  excess  of  acid  which  is  expressed  by  a 
simple  multiple  of  the  least  definite  quantity  is 
particularly  important  as  it  affords  an  answer  to 
the  powerful  objection  urged  by  M.  Berthollet 
against  the  common  opinion  of  chemical  affi- 
nity. This  eminent  chemist  shews  that  a con- 
siderable excess  of  a weaker  acid  will  decompose 
a compound  of  a base  and  a stronger  acid;  for 
example,  that  a large  quantity  of  nitric  acid 
added  to  sulphat  of  potash  will  occasion  some 
crystals  of  nitre  to  form,  though  the  nitric  acid 
has  a weaker  affinity  to  potash  than  the  sul- 
phuric. But  though  there  is  an  undoubted  de- 
composition of  some  portion  of  the  sulphat  of 


potash  in  this  case,  it  is  highly  probable  that 
for  every  particle  of  nitre  formed  there  is  an 
equivalent  quantity  of  a super-sulphat  of  potash 
produced,  in  equally  definite  proportions  with 
the  neutral  sulphat,  and  in  which  probably  tlia 
acid  is  in  the  ratio  of  a simple  multiple  of  that 
which  exists  in  the  neutral  salt. 

Among  the  philosophers  who  within  these 
last  few  years  have  laboured  with  the  greatest 
zeal  and  success  in  discovering  the  laws  of 
chemical  affinity  a distinguished  place  is  due  to 
Professor  Berzelius/  whose  experiments  we 
shall  now  briefly  notice.  He  states  that  he  was 
led  to  this  train  of  enquiry  from  the  two  follow- 
ing most  important  theorems  laid  down  by  the 
learned  Richter. 

1.  When  two  bodies  A.  and  B.  have  each  an 
affinity  for  two  others  C.  and  D.  the  C.  which 
saturates  a given  quantity  of  A.  is  to  the  D. 
which  saturates  the  same  quantity  of  A.  in  the 
same  proportion  as  the  C.  saturating  any  given 
quantity  of  B.  is  to  the  D.  saturating  the  same 
quantity  of  B.  Hence  the  saturating  propor- 
tions of  A.  C.  A.  D.  and  B.  C.  being  known 
those  of  B.  D.  may  be  found  by  simple  calcula- 
tion. For  example,  let  A.  B.  C.  and  D.  be 
respectively  sulphuric  acid,  muriatic  acid,  ba- 
rytes and  potash,  and  let  100  parts  of  sulphuric 
acid  be  saturated  by  190  of  barytes,  and  by  116  of 
potash,  and  let  100  of  muriatic  acid  be  saturated 
by  281  of  barytes,  then,  the  quantity  of  potash 
saturating  100  of  muriatic  acid  will  be  173; 

Bar.  Pot.  Bar.  Pot. 
for  190  : 116  ::  281  : 173  nearly. 
This  law  of  chemical  combination  is  indeed  a 
direct  inference  from  the  fact  that  when  two 
neutral  salts  are  mixed  together  and  decompose 
each  other  the  mixture  remains  neutral.  Thus, 
supposing. 381  parts  of  muriat  of  barytes  be 
exactly  decomposed  by  322  parts  of  sulphat  of 
potash,  and  the  mixture  remain  neutral,  the  re- 
spective proportions  of  the  new  compounds 
formed  will  be  273  of  muriat  of  potash,  and 
430  of  sulphat  of  barytes,  as  by  the  following 
scheme : 


273 

Muriat  of 
Potash. 


Muriatic  Acid 
173 


Barytes. 

149 


Potash 


Sulphuric  Acid. 


J 


430 

Sulphat  of 
Barytes. 


* An.  Cliim,  Tom.  77  to  83  inclusive. 


A F F 


( 15  ) A FF 


The  respective  proportions  of  potash  and 
barytes  that  saturate  any  acid  are  always  as 
173:281,  and  in  the  decomposition  here  as- 
sumed the  muriatic  acid  that  saturates  these 
bases  is  100  parts.  Therefore  the  sulphuric 
acid  must  be  149  parts  as  calculated  both  from 
the  elements  of  sulphat  of  potash  and  sulphat 
of  barytes,  In  the  former  case  116  of  potash 
saturate  100  parts  of  sulphuric  acid,  and 
116  : 100  : : 173  : 149.  In  the  latter  case  190 
of  barytes  saturate  100  of  sulphuric  acid,  and 
190  : 100  ::  281  : 149. 

The  importance  of  this  lav/  of  chemical  com- 
bination is  so  great  that  the  composition  of  all 
the  binary  compounds  might  be  found  with  ab- 
solute certainty,  provided  the  data  founded  on 
actual  experiment  could  be  brought  to  perfect 
accuracy.  Hitherto  however  this  has  not  been 
the  case,  as  no  series  of  numbers  representing 
the  neutral  -compounds  has  yet  been  given 
which  will  apply  throughout.  It  is  a chief  part 
of  the  present  labours  of  Prof.  Berzelius  to 
correct  the  elements  of  these  calculations  by 
varied  experiments  conducted  with  great  care 
and  intelligence. 

Another  equally  important  law  laid  down  by 
Richter  is,  that  when  the  metal  of  a neutral 
metallic  solution  is  precipitated  by  another  me- 
tal, it  is  the  metallic  base  alone  which  is  changed, 
the  oxygen  and  the  acid  remaining  united  with 
the  last  added  metal.  Hence  it  follows  that  all 
the  different  metallic  oxyds  which  saturate  a 
definite  portion  of  acid  contain  the  same  quan- 
tity of  oxygen.  Or  in  other  words  it  may  be 
expressed  that  a given  quantity  of  any  acid 
combines  to  saturation  with  only  a definite  pro- 
portion of  oxygen  united  to  so  much  of  any 
base  as  contains  this  portion  of  oxygen.  Thus 
for  example,  if  100  parts  of  sulphuric  acid  sa- 
turate 20  parts  of  oxygen  and  the  base  united 
with  it,  the  proportion  of  every  oxyd  that  com- 
bines with  100  of  sulphuric  acid,  and  the  com- 
position of  every  neutral  sulphat  is  known  as 
soon  as  the  oxyd  itself  is  analyzed.  And,  con- 
versely, the  composition  of  any  unknown  oxyd 
may  be  discovered  by  finding  the  quantity  of 
this  oxyd  which  neutralizes  a given  weight  of 
any  acid  whose  saturating  quantity  of  oxygen 
in  any  other  oxyd  is  previously  known.  Thus, 
for  example,  if  100  parts  of  sulphuric  acid  satu- 
rate any  oxyd  that  contains  20.  of  oxygen,  it 
may  be  inferred  that  116  parts  of  potash  are 
composed  of  20  of  oxygen  and  96  of  potassium, 
since  this  quantity  of  potash  saturates  100  of 
sulphuric  acid.  The  like  quantity  of  oxygen  is 
therefore  contained  in  78  of  soda,  in  190  of 


barytes,  &c.  & c.  each  of  which  saturate  100  of 
sulphuric  acid. 

The  late  discovery  of  the  compound  nature 
of  the  alkalies  and  earths  therefore  gives  an 
additional  importance  to  this  law  of  chemical 
affinity. 

Another  law  of  chemical  combination  which 
is  laid  down  by  Berzelius,  and  illustrated  by 
numerous  examples,  is  the  following,  viz.  In 
any  compound  of  two  oxydated  substances,  that 
substance  which  is  attracted  to  the  positive  pole 
of  the  electric  circuit  (the  acid,  for  example) 
contains  as  much  oxygen  as  is  produced  by 
multiplying  the  oxygen  of  the  substance  at-' 
tracted  to  the  negative  pole  (such  as  alkali, 
earth,  metallic  oxyd)  by  some  of  the  integral 
numbers  2,  3,  4,  5,  &c.  For  example,  as  J00 
parts  of  sulphuric  acid  saturate  as  much  of  any 
oxyd  as  contains  about  20  parts  of  oxygen,  the 
quantity  of  oxygen  in  100  parts  of  the  acid  it- 
self must  be  equal  to  twice  20,  or  three  times 
■ 20,  &c.  In  this  example  it  will  be  shewn  pre- 
sently that  sulphuric  acid  contains  almost  ex- 
actly three  times  20,  or  60,  per  cent,  of  oxygen. 
Most  of  the  other  acids  however  contain  only 
twice  the  oxygen  of  their  saturating  base  : the 
carbonic  and  sulphureous  acids  are  of  this  kind. 

In  all  the  compounds  in  which  water  forms 
an  element  (which  are  all  the  crystallized  salts 
and  liquid  acids)  this  substance  also  seems  to 
be  subjected  to  some  similar  law  of  definite 
proportion,  as  will  be  soon  explained. 

We  shall  now  give  a short  abstract  of  a few 
of -the  important  series  of  Prof.  Berzelius’  ex- 
periments, to  shew  to  what  degree  they  illustrate 
and  confirm  the  above  laws  of  chemical  combi- 
nation, together  with  some  others  which  will 
be  stated  in  their  place. 

The  composition  of  sulphuric  acid  which  has 
so  often  been  attempted  was  ascertained  in  se- 
veral methods ; and  first  through  the  medium 
of  the  oxyd  and  sulphuret  of  lead. 

Lead  and  Oxygen.  Lead  has  three  degrees 
of  oxygenation,  viz.  the  yellow,  the  red,  and 
the  brown. 

For  the  yellow  oxyd,  some  pure  lead  (re- 
duced from  the  nitrat  of  lead)  was  dissolved  in 
nitric  acid  evaporated  and  ignited;  a hundred 
parts  of  metal  thus  gained  7.8  of  oxygen. 

The  red  oxyd,  or  purified  minium,  contains 
to  100.  of  metal  11.07  oxygen. 

The  brown  oxyd  formed  by  digesting  mini- 
um in  nitric  acid,  contains  to  100.  of  metal 
15.6  of  oxygen. 

Therefore  these  portions  of  oxygen,  viz.  7.8; 
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11.07;  and  15.6,  arc  respectively  in  the  pro- 
portions of  1,  1|  and  2.  _ 

'I'he  yellow  oxyd  is  the  only  one  which  enters 
into  the  salts  of  lead. 

Lead  and  Sulphur.  100  parts  of  lead  mix- 
ed with  as  much  pure  sulphur,  and  heated  in 
a close  vessel,  as  long  as  any  sulphur  was 
sublimed,  produced  115.6  of  the  sulphuret ; so 
that  100  parts  of  lead  when  thus  united  with 
sulphur  absorb  1 5.6,  which  is  exactly  twice 
the  weight  of  oxygen  united  with  the  same 
quantity  of  lead  in  the  yellow  oxyd.  On  this 
coincidence  a law  of  combination  is  deduced 
which  will  be  presently  mentioned. 

This  sulphuret  of  lead  is  therefore  thus  com- 
posed : 


Lead 

Sulphur 


100 

15. 6 

1J5.6 


86.51 

13.49 

100.00 


Lead  - 
Sulphur 


86.51 

13.49 


A hundred  parts  of  the  sulphuret  of  lead  last 
described  were  digested  in  nitro-muriatic  acid 
till  the  whole  was  converted  into  sulphat  of 
lead,  the  sulphur  and  lead  both  acquiring  oxygen 
from  the  nitro-muriatic  acid.  No  product 
whatever  was  yielded  from  the  sulphuret  but 
the  sulphat  of  lead,  which  was  perfectly  neu- 
tral and  weighed  126.5  parts.  The  respective 
changes  that  took  place  therefore,  supposing 
the  base  of  this  salt  to  be  the  yellow  oxyd,  are 
as  follows : 

Oxygen. 

with  6.748  produce  93.258  oxyd  of  lead 
19.752  33.242  sulphuric  acid 


Sulphuret  of  lead  100.00 


26.500 


126.5  sulphat  of  lead 


Two  things  are  to  be  particularly  noticed 
here : 

One  of  them  is  : that  the  sulphur  of  the  sul- 
phuret of  lead  was  exactly  sufficient  when  con- 
verted to  sulphuric  acid  to  saturate  the  lead  of 
the  same  sulphuret  when  converted  to  the  sub- 
oxyd  of  lead. 

The  other  thing  to  be  noticed  is : that  the 
quantity  of  the  sulphur  in  the  sulphuret  was 
almost  exactly  double  the  quantity  of  oxygen 
taken  up  by  the  lead  of  the  sulphuret,  being  as 
13.49  to  6.748. 

From  the  former  of  these  facts  the  author 
infers  as  a general  rule,  that  a metal  combines 
with  sulphur  in  such  a proportion,  that  when 
the  sulphur  is  converted  to  sulphuric  acid  and 
the  metal  to  an  oxyd,  the  sole  product  will  be 
a neutral  sulphated  oxyd  of  the  same  metal. 

From  the  latter  of  these  two  facts  the  author 
infers  : that  in  every  neutral  sulphat  the  oxygen 
of  the  base  equals  half  the  weight  of  the  sulphur 
of  the  acid  with  which  it  is  saturated. 

The  composition  of  sulphuric  acid  is  inferred 
from  the  above  oxydation  of  sulphuret  of  lead, 
to  be  in  the  proportion  of  13.49  of  sulphur  to 
19.752  of  oxygen,  the  whole  addition  of  oxygen 
to  the  sulphuret  being  26.5,  and  6.748  of  this 
being  estimated  as  the  portion  belonging  to  the 
oxyd  of  lead. 

Sulphuric  acid  therefore  consists  of 
Sulphur  40.58  — 100.000 
Oxygen  59.42  — 146.426 


According  to  the  second  of  the  two  propo- 
sitions just  mentioned,  100  parts  of  sulphuric 
acid  therefore  will  saturate  so  much  of  any 
oxy dated  base  as  contains  40 ‘25-  = 20.29  of 
oxygen. 

As  an  exact  determination  of  the  elements  of 
sulphur' c acid  is  of  great  importance  in  ana- 
lysis, the  author  proceeds  to  compare  the  above 
mentioned  result  with  those  produced  by  other 
modes  of  operating. 

Both  Bucholz  and  Klaproth  have  sought  to 
fix  the  elements  of  this  acid  by  acidifying  a 
given  quantity  of  sulphur,  and  then  combining 
it  with  the  barytes  of  a known  quantity  of  some 
soluble  barytic  salt.  The  analysis  of  sulphat 
of  barytes  depends  also  on  that  of  carbonat  of 
barytes,  out  of  which  all  the  barytic  salts  are 
prepared.  By  multiplied  experiments  the  au- 
thor fixes  the  elements  of  carbonat  of  barytes 
at  Carbonic  acid  216  — 100 

Barytes  78.4  — 363 

100.0  463 

Of  this  carbonat,  100  parts  (containing  78.4 
of  base)  gave  from  118.6  to  1 19  parts  of  sulphat 
of  barytes,  which  will  give  for  the  elements  of 
sulphat  of  barytes  within  t<to oo  of  the  follow- 
ing numbers : 

Sulphuric  acid  34  — 100 
Barytes  66  — 194 


100.00 


246.426 


100 


294 
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Bucholz  acidified  100  parts  of  fused  suiphur 
with  intro-muriatic  acid,  and  by  combining  with 
barytes  the  sulphuric  acid  thus  produced  ob- 
tained 724  parts  of  sulphat  of  barytes.  If  this 
sulphat  is  estimated  according  to  Berzelius’  re- 
sult above  given,  its  acid  part  will  be  246.16, 
whence  100  parts  of  sulphur  will  have  combined 
with  146.16  of  oxygen,  and  this  estimation  of 
sulphuric  acid  will  be  found  to  correspond  al- 
most exactly  with  that  already  given  as  found 
by  the  acidification  of  sulphuret  of  lead. 

Sulphureous  Acid.  The  production  of  this 
acid  by  the  direct  combustion  of  sulphur  being 
attended  with  nearly  insuperable  difficulties, 
Pr.  Berzelius  attempted  its  analysis  by  means 
of  the  sulphite  of  ammonia.  This  salt  was 
decomposed  by  muriat  of  barytes,  and  the  re- 
sulting sulphite  of  barytes  was  changed  to  the 
sulphat  of  barytes,  by  means  of  nitric  acid, 
none  of  the  sulphureous  acid  being  expelled  in 
t|ie  process.  By  these  and  other  experiments 
the  author  determines  the  elements  of  sulphu- 
reous acid  to  be 

Suiphur  50.57  — 100.00 
Oxygen  49.43  — 97.83 

100.00  197.83 

The  oxygen  in  the  sulphureous  acid  i«  there- 
fore to  that  in  the  sulphuric  acid  very  nearly 
as  l:lyj  as  100  parts  of  sulphur  unite  with 
97.83  of  oxygen  in  the  sulphureous,  and  with 
446.426  in  the  sulphuric,  and  79.83  X If  = 
146.785. 

Copper  with  Sulphur  and  Oxygen. 

The  author  proceeds  to  examine  the  com- 


pounds of  copper  with  sulphur  and  oxygen,  to 
ascertain  whether  they  agree  with  those  of  lead 
in  the  three  law's  of  combination  which  he  had 
laid  down.  These  laws  (to  repeat  them)  are 
the  following : 

1.  That  the  sulphuret  of  any  metal,  when 
oxydated,  is  totally  changed  to  a neutral  sulphat. 

2.  That  in  every  sulphat  tire  oxygen  belong- 
ing to  the  base  equals  half  the  weight  of  the 
sulphur  in  the  acid. 

3.  That  in  every  compound  of  an  acid  and  a- 
base,  the  oxygen  of  the  acid  equals  that  of  the 
base  multiplied  by  some  integral  number.  To 
this  may  be  added  the  other  law  of  all  chemical 
combination  (which  is  entirely  adopted  by  the 
author)  namely, 

4.  That  where  tw'o  bodies  unite  in  different 
proportions,  if  the  quantity  of  one  of  them  be 
assumed  as  a fixed  number,  the  proportions  of 
the  other  body  are  in  the  simplest  ratio  to  each 
other,  being  produced  by  multiplying  the  low- 
est proportion  by  some  integral  number. 

Copper  and  Sulphur.  One  hundred  parts 
of  copper  heated  in  a retort  with  as  much  sul- 
phur, till  all  the  excess  of  the  latter  was  ex- 
pelled, produced  125.6  of  sulphuret  of  copper. 
Some  difficulties  attend  this  operation  to  pro- 
duce uniform  results,  but  the  above  number 
appears  to  approach  the  nearest  to  accuracy. 
Hence  from  this  single  fact,  the  following  com- 
position of  the  suboxyd  and  sulphated  suboxyd 
of  copper  should  be  made  out,  assuming  that 
the  oxyd  of  copper  corresponding  with  this  sul- 
phuret is  at  a minimum  of  oxydation. 


Copper  100.0  with  12.800  oxygen  give  112.800  suboxyd  of  copper 
Sulphur  25.6  37.4S5  63.085  sulphuric  acid 


Sulphuret  of  Copper  125.6  50.285 


175.885  Sulphated  Suboxyd  of  Copper 


This  therefore  would  give  for  the  compo- 
sition of  the  suboxyd  of  copper, 

Copper  100.0  — 88.652 

Oxygen  12.8  — 11.348 


112.8  100.000 


Now,  supposing  the  Peroxyd  of  copper  to 
contain  twice  the  quantity  of  oxygen  to  a given 
weight  of  metal,  as  the  suboxyd,  this  peroxyd 
of  copper  would  consist  of 

Copper  100.0  — 79.618 
Oxygen  25.6  — 20.382 


And  the  sulphated  suboxyd  of  copper  would 
consist  of  63.085  acid  to  112.8  of  suboxyd  : or 
as  follows:  (the  oxygen  of  the  base  equalling 
half  the  sulphur  in  the  acid). 

Sulphuric  acid  100.0  — 35.87 
Suboxyd  of  copper  178.8  — 64.13 


278.8  100.00 


125.6  100.000 


Then  if  this  peroxyd  were  the  base  of  a neu- 
tral sulphat  of  copper,  this  sulphated  peroxyd 
would  contain 

Sulphuric  acid  100.000  — 50.113 
Peroxyd  of  Copper  99.548  — 49.887 


*0L.  in; 


c 


199.548 


100.000 


A F F 


A F F 


( 13  ) 

since  99.548  would  be  the  quantity  of  this  the  direct  oxygenation  of  a super-sulphuret  of 
peroxyd  that  contains  oxygen  equal  to  half  the  copper,  this  would  of  course  contain  a double 
sulphur  in  the  acid.  proportion  of  sulphur,  and  its  proportions  when 

Lastly,  it  this  latter  sulphat  "were  formed  by  resolved  would  be  as  follows  : 

Oxygen. 

Copper  - lOO.O  with  2.3. GO  give  125. GO  peroxyd  of  copper 
Sulphur  - 51.2  74.97  i 26.17  sulphuric  acid 

Super-sulphuret  151.2  100.57  251.77  Sulphated  Peroxyd  of  Copper 


The  author  then  proceeds  to  examine  the 
accuracy  of  these  hypothetical  numbers  by 
actual  experiment.  We  shall  state  them  in  a 
very  few  words. 

The  peroxyd  of  copper  was  formed  by 
evaporating  and  igniting  a given  weight  of 
metal  dissolved  in  nitric  acid.  Another  portion 
of  the  nitrat  was  decomposed  by  a carbonated 
alkali,  and  the  precipitate  ignited.  In  the  former 
case  some  of  the  metal  was  volatilized  with  the 
acid,  and  in  the  latter  a portion  was  left  in 
the  solution  and  separated  by  sulphuretted  hy- 
drogen, both  of  which  circumstances  produce 
some  little  inaccuracy  in  the  results.  An  al- 
lowance must  also  be  made  for  the  sulphur  and 
carbon  retained  by  all  copper.  If  this  be  fixed 
at  \ per  cent,  (which  however  is  quite  arbitrary) 
the  composition  of  the  peroxyd  of  copper  will 
be  Copper  80  — 100 

Oxygen  20  — 25 

100  125 


which  very  nearly  agrees  with  the  proportion 
deduced  from  the  sulphuret. 

The  suboxyd  of  copper  was  formed  by  mix- 
ing 10  parts  of  the  peroxyd  with  the  same 
quantity  of  pure  copper  in  a flask,  containing 
75  parts  of  muriatic  acid,  and  keeping  the 
vessel  well  closed  on  a gentle  stove-heat  for 
three  days,  with  frequent  shaking.  After  this 
the  whole  of  the  peroxyd  and  part  of  the  cop- 
per were  dissolved,  and  the  quantity  of  the 
latter  was  found  by  weighing  the  undissolved 
portion.  Then  supposing  the  oxygen  of  the 
peroxyd  to  be  equally  divided  between  its  own 
portion  of  metal  and  that  added,  and  the  whole 
to  constitute  the  suboxyd,  this  will  nearly  con- 
tain half  the  oxygen  of  that  in  the  peroxyd, 
allowing  a small  deviation  to  be  produced  by 
the  unavoidable  action  of  the  muriatic  acid  on 
a small  portion  of  the  copper,  independently  of 
the  oxygen  present,  which  was  shewn  by  an 
escape  of  hydrogen  when  the  vessel  was  opened. 
A suboxyd  of  copper  containing  half  the  oxy- 
gen of  the  peroxyd,  will  therefore  consist  of 


Copper  88.89  — 100.0 

Oxygenll.il  — 12.5 

100.00  112.5 


This  very  nearly  agrees  with  the  result  of 
a similar  experiment  made  by  Mr.  Chenevix, 
who  reckons  19.  of  oxygen  to  100.  of  metal ; 
and  the  composition  of  this  suboxyd  estimated 
from  the  sulphuret  is  the  mean  of  these  two, 
or  12.8  of  oxygen. 

The  common  sulphat  of  copper  was  then 
analyzed  : 5 parts  of  this  salt  dried  at  a tin- 
melting  heat  and  decomposed  by  muriat  of 
barytes,  gave  7.22  of  sulphat  of  barytes,  the 
acid  of  which  is  2.455,  leaving  therefore  2.515 
for  the  oxyd  of  copper  in  the  5 parts.  The 
basis  of  this  salt  is  the  peroxyd  of  copper, 
and  therefore  this  salt  is  properly  the  sulphated 
peroxyd  of  copper.  It  is  thus  composed,  from 
the  above  analysis : 

Sulphuric  acid  49.10  100.00 

Peroxyd  of  copper  50.90  103. GG 

100.00  2 03.66 


On  the  other  hand,  if  100  parts  of  sulphuric 
acid  neutralize  so  much  of  any  base  as  contains 
20.29  parts  of  oxygen,  it  would  require  101.45 
instead  of  103.66  of  the  peroxyd. 

The  quantity  of  peroxyd  saturating  100.  of 
sulphuric  acid,  as  estimated  by  the  composition 
of  the  sulphuret,  is  99.548,  which  is  still  suf- 
ficiently near  103.66  to  come  within  the  limits 
of  probable  error. 

The  above  experiments  on  the  compounds 
of  copper  with  sulphur  and  oxygen  are  so  far 
defective  that  they  do  not  exhibit  any  super- 
sulphuret  of  copper,  which  is  the  regular  base 
of  the  common  sulphat  of  copper  or  sulphated 
peroxyd  : nor  on  the  other  hand  do  they  shew 
any  sulphated  suboxyd  of  copper,  which  is  the 
regular  product  of  the  oxydation  of  the  subsui- 
phuret  actually  known.  They  sufficiently  il- 
lustrate, however,  the  Jaw  of  definite  proportions 
in  the  different  degrees  of  oxydation  j and  that 
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of  ,1  precise  portion  of  oxygen  in  the  oxyd  sa- 
turated by  a given  quantity  of  sulphuric  acid. 

Iron , Sulphur  and  Oxygen. 

We  shall  briefly  mention  these,  on  account 
of  an  apparent  anomaly  in  the  relation  between 
the  sulphuret  and  sulphat  as  already  laid  down. 

Subsulphuret  of  Iron.  This  was  formed  by 
heating  red-hot  for  a considerable  time  a mix- 
ture of  thin  iron  plate  and  thrice  its  weight  of 
sulphur,  till  all  the  excess  of  the  latter  was 
sublimed.  The  remaining  sulphuret  of  iron 
was  brilliant,  brittle,  and  magnetic  only  in  pow- 
der. A given  portion  of  it  was  analyzed  by 
being  first  totally  dissolved  and  acidified  in 
nitro-muviatic  acid,  and  die  sulphuric  acid  thus 
generated  was  separated  by  muriat  of  barytes 
and  the  oxyd  of  iron  by  ammonia.  Reckoning 
34  per  cent,  of  acid,  or  13.797  of  sulphur,  in 
sulphat  of  barytes,  and  69.3  per  cent,  of  iron  in 
the  peroxyd  here  produced  by  the  action  of  the 
nitro-muriatic  acid,  this  subsulphuret  of  iron 
would  consist  nearly  of 

Sulphur  . . 37  — 5S.75 

Metallic  iron  03  — 100.00 


100  138.75 


The  super-sulphuret  of  iron,  or  natural  crys- 
tallized pyrites,  gave  by  a similar  analysis, 
Sulphur  . 53.92  — 117 

Iron  . . 40.08  — 100 


-300.00  217 


Therefore  the  sulphur  combined  with  1 00 
parts  of  iron  is  twice  as  much  in  the  super- 
sulphuret  as  in  the  subsulphuret. 

Ox/yds  of  Iron.  This  very  important  sub- 
ject has  been  examined  here  with  peculiar  care. 
It  was  first  asserted  by  Proust,  and  has  been 
pretty  generally  allowed,  that  there  are  but 
two  oxyds  of  iron,  the  black  and  the  red  oxyd, 
the  former  being  the  suboxyd  and  the  latter  the 
peroxyd.  That  there  are  these  two  distinct 
oxyds  is  not  doubted,  but  Thenard  has  given 
some  experiments  which  appear  to  establish 


another  oxyd  of  a still  lower  degree  of  oxy- 
genation than  the  black  oxyd,  and  which  when 
first  separated  from  its  solution  is  white.  11 
this  be  correct,  there  are  three  oxyds,  namely, 
the  white,  the  black,  and  the  red,  of  which  the 
latter  has  the  highest  proportion  of  oxygen. 
The  existence  of  this  white  oxyd  is  aho  pro- 
bable on  account  of  the  ratio  of  oxygenation,  as 
will  be  further  mentioned  here,  and  also  in  the 
article  Iron  in  this  Appendix. 

At  present  however  only  the  black  and  the 
red  oxyd  are  concerned,  which  may  be  here 
termed  the  Suboxyd  and  the  Peroxyd. , 

The  composition  of  these  as  determined  by 
Berzelius  from  many  experiments,  is  the  follow- 
ing. 


For  the  suboxyd 

Iron  . 77.22  — 

100.0 

Oxygen  22.78 

29.5 

100.00 

329.5 

For  the  peroxyd 

Iron  . 69.34  — 

100.00 

Oxygen  30.66 

44.25 

100.00 

141.25 

Therefore  the  oxygen  of  the  peroxyd  is  to  that 
of  the  suboxyd  only  as  If.  to  1.  for  29.  5 X 
1 j — 44.23. 

But  on  the  other  hand  the  sulphur  of  the 
super-sulphuret  is  twice  the  proportion  of  that 
in  the  sub-sulphuret : and  therefore  if  each  of 
these  sulphurets  were  acidified  and  converted 
into  a sulphat  of  iron  (the  base  of  the  sulphat 
corresponding  with  the  sub-sulphuret  being  the 
suboxyd,  and  that  of  the  other  sulphat  being 
the  peroxyd)  it  is  evident  that  the  laws  that 
regulate  this  change  as  deduced  from  the  sul- 
phuret and  sulphat  of  lead  could  not  be  pre- 
served. 

The  combinations  that  would  take  place  are 
as  follows. 

The  sub-sulphuret  converted  into  a sulphated 
suboxyd  would  give 


Iron 

Sulphur 


Oxygen. 

100.00  with  29.50 
58.75  — 86.03 


give  3 29.5  Suboxyd 
— 344.78  Sulphuric  acid 


Subsulphuret  138.75  1 15.53  274.28  Sulphated  Suboxyd 


In  this  case  all  the  laws  of  combination  are 
observed  pretty  accurately,  the  sulphuric  acid 
saturating  so  much  of  the  base  as  contains  oxy- 
gen equal  to  half  the  sulphur  in  the  acid, 


within  a trifling  difference.  But  on  the  other 
hand,  if  the  supersulphuret  of  iron  or  the 
natural  crystallized  pyrites  (which  contains  a 
double  proportion  of  sulphur)  were  totally 
c 2 
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oxydated  in  the  same  way,  and  converted  into  of  only  If  the  quantity  of  the  suboxyd,  whereas 
a sulphat  with  the  peroxyd  for  its  base,  it  is  the  supersulphuret  is  a sulphuration  of  twice  the 
obvious  that  the  same  relative  proportions  be-  quantity  in  the  subsulphuret.  This  compound 
tween  the  sulphat  and  the  sulphuret  could  not  therefore,  if  it  could  exist,  must  be  one  with 
be  preserved,  as  the  peroxyd  is  an-  oxygenation  a double  portion  of  acid  as  follows  ; 


Iron 

Sulphur 


100.00 

117.50 


Oxygen. 

with  42.25 
— 172.06 


Supersulphuret  217.50 


214.31 


give  144.25  Peroxyd 
— 289.56  Sulphuric  acid 

433.81  Supersulphat 


The  resulting  salt  in  this  case  therefore  must 
be  with  excess  of  acid,  for  289.56  : 144.25  : : 
100:49.82  so  that  100.  of  sulphuric  acid  would 
Only  unite  with  49.82  of  the  peroxyd  of  iron 
which  contains  only  15.27  of  oxygen  ; whereas 
it  is  found  by  all  the  previous  experiments  that 
100.  of  sulphuric  acid  requires  for  its  saturation 


as  much  of  any  oxyd  as  contains  20.29  of  oxy- 
gen, or  thereabouts. 

But  the  actual  composition  of  the  sulphated 
peroxyd  of  iron  (or  red  sulphat)  is  very  differ- 
ent. Berzelius  finds  it  by  experiment  to  con- 
tain about  100  sulphuric  acid  to  65.5  peroxyd, 
which  are  resolved  into  the  following  numbers.- 


Oxygen. 


Sulphuric  acid  100  contain  59.42  with  40.58  Sulphur 
Peroxyd  . . 65.5  20.10  — 45.40  Iron 


These  numbers  agree  sufficiently  well  with 
the  laws  of  combination  all  along  observed,  for 
the  oxygen  of  the  peroxyd  is  very  nearly  half 
the  weight  of  the  sulphur  in  the  acid,  and  100 
parts  of  the  acid  saturate  as  much  peroxyd  as 
contains  20.1  of  oxygen.  Therefore  the  sul- 
phuret of  iron,  which  is  the  base  of  this  sulphat, 
is  one  in  which  the  sulphur  is  to  the  iron  as 
40.58  : 45.40  and  would  therefore  consist  of 
Iron  100. 

Sulphur  89. 3S 


189.38 

which  is  an  intermediate  degree  of  sulphuration 
between  the  two  actually  ascertained  by  expe- 
riment. A sulphuret  not  far  deviating  from 
these  proportions  has  been  actually  produced 
by  Mr.  Hatchett  by  distilling  the  magnetical 
pyrites  with  sulphur  in  a low  red  heat,  as  men- 
tioned in  our  original  article  Iron.1 

JSluriam:  Acid. 

A perfect  analysis  of  muriat  of  silver  that 
could  be  depended  on  even  to  a thousandth  part 
is  a great  desideratum,  as  it  would  afford  a 
means  of  ascertaining  the  muriatic  acid  in  all 
the  other  muriats,  and  also  the  quantity  of 
oxygen  contained  in  the  base  of  all  these  salts, 
if  the  hypothesis  of  equal  saturation  of  acids 
by  so  much  of  every  oxyd  as  contains  a given 
portion  of  oxygen  be  correct.  There  is  no 
great  difficulty  in  ascertaining  the  quantity  of 
metallic  silver  in  a given  portion  of  the  fused 
muriat  of  silver,  but  it  is  not  so  easy  to  find  the 


exact  proportion  of  oxygen  that  unites  to  the 
metal  and  of  muriatic  acid.  It  is  thus  attempted 
by  Professor  Berzelius. 

Muriat  of  Silver.  100  of  ignited  carbonat 
of  barytes  contain  by  experiment  21.6  of  car- 
bonic acid,  and  therefore  78.4  of  barytes,  which 
last  when  saturated  with  muriatic  acid  giveif 
105.6  of  muriat  of  barytes,  which  salt  therefore 
contains  78.4  of  barytes,  and  27.2  of  acid- 
Hence  the  elements  of  muriat  of  barytes  are 
Muriatic  acid  25.75  100.0 

Barytes  . . 74.-25  288.4 


100.00  388.4 

On  the  other  hand  105.6  of  muriat  of  barytes 
decomposed  by  nitrat  of  silver  produce  145.5 
of  fused  muriat  of  silver,  which  last  therefore 
contains  all  the  acid  in  105.6  muriat  of  barytes, 
namely,  27.2  parts,  and  144.5  : 272  :r  100 : 18.7. 
Therefore  100.  parts  of  muriat  of  silver  contain 
18.7  acid  and  8J.3  oxyd  of  silver. 

Likewise,  100  parts  of  silver  being  dissolved  in 
nitric  acid,  muriatic  acid  added  in  excess,  and 
the  whole  evaporated  and  fused  gave  132.7  of 
muriat  of  silver,  the  metal  of  which  therefore 
is  100.  parts,  or  (reduced  to  the  proportion  of- 
100  parts  of  the  muriat  of  silver)  this  will  con- 
tain 75.358  per  cent,  of  silver,  and  24. 64^ 
oxygen  and  muriatic  acid. 

But  as  muriat  of  silver  has  already  been 
shewn  to  contain  18.7  per  cent,  of  muriatic 
acid,,  the  difference  between  24.644  and  18  7* 
or  5.942,  is  the  oxygen. 


» See  Cheru.  Diet.  vol.  1 . 
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From  these  data  therefore  the  fused  muriat  of  silver  is  thus  composed : 


Muriatic  acid  . . 18.7 
Silver  . 75.358  > 8i  o 
Oxygen  . 5.942  5 

Silver  . 402.984  \ 
Oxygen  . 31.775  $ 

100.600 

434.759 

100.0 

534.759 

silver 

oxygen 

And  the  oxyd  of  silver  will  consist  of 
. . . . 92.67  ......... 

....  7 .33  • . ^ 

100.000 

7.925 

100.00 

107.925 

Therefore  100  parts  of  muriatic  acid  saturate 
so  much  of  this  base  as  contains  3 1.775  of  oxy- 
gen, and  if  the  rule  of  equal  saturation  be  just, 
every  base  that  saturates  100.  parts  of  dry  mu- 
riatic acid  will  contain  3 1.775  of  oxygen,  pro- 
vided this  analysis  of  muriat  of  silver  be  correct. 

Another  mode  of  analysing  muriat  of  silver 
is  by  means  of  the  sulphuret.  Sulphuret  of 
silver  the  author  finds  to  consist  of  100  silver 
to  14.9  sulphur ; sulphuret  of  lead  contains  100 
lead  and  15.42  sulphur;  and  suboxyd  of  lead 
contains  100  of  lead  to  7.7  oxygen.  Then, 
applying  Richter’s  rule,  the  sulphur  saturating 
100  parts  of  lead,  is  to  the  oxygen  saturating 
100  of  lead,  in  the  same  proportion  as  the  sul- 
phur saturating  100  of  silver  is  to  the  oxygen 
saturating  100  of  silver.  This  will  give  7.44 
for  the  oxygen  saturating  100  of  silver ; for 
15.42  : 7.7  : : 14.9  : 7.44.  If  this  result  be 
taken  in  conjunction  with  the  fact  thdt  100.  of 
silver  produce  132.7  of  the  muriat  of  silver, 
this  132.7  of  muriat  will  consist  of  100.  of 
silver,  and  7.44  of  oxygen,  leaving  25.26  for 
the  muriatic  acid.  This  would  give  as  much 
as  19.035  per  cent,  of  muriatic  acid  in  muriat 
of  silver,  and  only  6.925  per  cent,  of  oxygen 
in  the  oxyd  of  silver;  and  would  give  only 
29.455  for  the  oxygen  in  the  base  saturated  by 
100.  of  dry  muriatic  acid. 

As  the  latter  mode  of  estimating  muriat  of 
silver  is  obviously  exposed  to  many  more  sources 
of  inaccuracy,  the  former  is  preferable.  All 
things  considered,  the  disagreement  between 
the  two  is  not  very  great,  though  sufficient  to 
render  it  unsafe  to  take  the  mean  number  a3 
the  most  accurate.  We  may  therefore  for  the 
present  infer  that  a dry  saturated  muriat  (re- 
taining the  old  theory  of  muriatic  acid)  contains 
for  every  100  parts  of  muriatic  acid  about  31.5 
of  oxygen  in  the  base  which  saturates  the  acid. 

The  author  examines  the  muriats  of  copper 


and  lead  with  this  view.  The  particulars  we 
shall  not  here  give,  but  the  results  considerably 
confirm  this  general  law  of  equal  saturation 
above  mentioned. 

On  Water 
Composition. 

Water  according  to  Berzelius  performs  the 
part  of  a base  when  united  to  an  acid,  and  of 
an  acid  when  in  union  with  a base.  Some 
acids  cannot  exist  in  a separate  state  unless- 
combined  with  a certain  portion  of  water,  which 
portion  is  exactly  sufficient  to  oxydate  that 
quantity  of  any  metal  which  will' combine  with 
the  acid  to  form  a neutral  compound.  This  is- 
the  case  most  remarkably  with  the  muriatic 
acid,  and  also  with  the  sulphuric,  which  last 
can  never  be  concentrated  singly  to  a greater 
degree  than  that  at  which  it  retains  as  much 
water  as  contains  oxygen  equal  to  half  the  sul- 
phur in  the  acid  itself,  this  being  the  propor- 
tion required  in  the  bases  saturating  this  acid 
as  has  been  already  fully  described.  Hence- 
the  impossibility  of  forming  sulphuric  acid  by 
the  combustion  of  sulphur  in  dry  oxygen  with- 
out the  presence  of  water  ; and  hence  when  the 
dry  sulphats,  such  as  alum,  are  distilled  per  sef, 
the  product  is  not  sulphuric  acid,  but  only  its 
elements  sulphureous  acid  and  oxygen.  The 
same  takes  place  writh  the  nitric  acid,  which 
can  never  be  produced  by  the  mere  distillation 
of  the  dry  nitrats  that  contain  no  water  of 
cyrstallization,  as  these  when  heated  yield 
only  oxygen  and  nitrous  acid  gas  till  water  be- 
added. 

Besides  this  water  of  composition  there  ex- 
ists (often  in  the  same  compounds)  another  por- 
tion, which  is  the  water  of  crystallization^  and 
there  seems  some  reason  to  infer  from  the 
author’s  numerous  experiments,  that  the  quan- 
tity of  water  of  crystallization  is  such  that  its- 
oxygen  is  always  a multiplication  or  a division  o£ 


of  Crystallization  and  Water  of 
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that  of  the  base  by  ;m  integrant  number.  Some 
of  the  experiments  we  shall  mention. 

Tartaric  Acid,  100  parts  of  this  acid -well 
dried,  were  dissolved  in  water,  and  decomposed 
by  acetited  lead.  The  resulting  tartrite  of  lead 
weighed  235.  1 . Five  parts  of  this  tartrite  were 
then  decomposed  by  .sulphuric  acid,  and  gave 
4.23  of  sulphat  of  lead,  the  composition  of 
whicli  being  already  known,  that  of  tartrite  of 
lead  was  inferred  to  be  104.87  oxyd  of  lead 
(containing  1 1.79  oxygen)  to  100  of  pure  tar- 
taric acid.  Hence  the  20.5.1  of  tartrite  of  lead 
before  mentioned  contained  88.7.5  of  tartaric 
acid  free  from  water,  and  11. 2.5  of  water;  or, 
(in  the  same  proportions)  100.  parts  of  pure 
tartaric  acid  combine  with  12.7  oT  water,  con- 
taining 11.2  of  oxygen.  As  this  11.2  does  not 
very  much  differ  from  11.79,  it  may  therefore 
be  inferred  (making  allowance  for  inaccuracy 
of  experiment)  that  the  water  and  the  oxyd  of 
lead  saturating  100  parts  of  pure  tartaric  acid 
contain  the  same  quantity  of  oxygen. 

Citric  Acid.  100  parts  of  dry  citric  acid  were 
dissolved  in  water,  mixed  with  300.  of  oxyd  of 
lead,  evaporated  to  dryness  and  dried  for  some 
hours  at  a heat  above  boiling  water.  The  re- 
sidue weighed  379.  parts,  and  hence  there  was 
a loss  of  water  from  the  acid  amounting  to 

20.8.5  per  cent.  Another  100.  parts  of  the 
same  citric  acid  combined  with  lead  from  the 
acetite,  as  in  the  foregoing  experiments  with 
tartaric  acid,  gave  2 37.56  of  citrat  of  lead. 
Another  100.  of  the  same  citric  acid  heated  on 
a sand  bath  till  it  first  melted  and  then  hardened. 


but  without  decomposition,  lost  7.08  of  wafer. 
100.  parts  of  the  citrat  of  lead  treated  with 
sulphuric  acid,  gave  90.50  of  suiphat  of  lead, 
which  contain  00  00  of  oxyd  of  lead,  and  hence 
the  composition  of  citrat  of  lead  is  1.  of  acid  to 
2.  of  oxyd  of  lead.  From  these  data  the  in- 
ferences (which  need  not  be  gone  over  at  length) 
are,  that  100  parts  of  mere  citric  acid  saturate 
as  much  oxyd  of  lead  as  contains  14. 13  oxygen: 
that  100  parts  of  the  crystallized  acid  contain 

20.8.5  of  water,  7.03  of  which  may  be  repelled 
by  heat  alone,  and  may  therefore  be  considered  as 
i cater  of  crystallization  ; and  the  remaining 
13.77  is  the  water  of  composition , and  the. 
former  is  (within  a trifling  difference)  half  the 
latter.  Moreover,  1(X).  of  real  citric  acid  will 
unite  to  17.14  of  water  of  composition  (which 
here  acts  the  part  of  a base,  as  it  is  expelled  only 
by  displacing  it  by  the  intervention  of  another 
base)  and  this  17.14  of  water  contains  15  of 
oxygen  ; and  this  quantity  of  acid  also  combines 
with  8.52  water  which  containshalf  this  quantity 
of  oxygen.  Hence  (making  large  allowance  for 
inaccuracy)  the  oxygen  of  the  water  of  crystal- 
lization in  citric  acid  being  taken  as  1.  that  of 
water  of  composition,  and  also  that  of  the  sa- 
turating portion  of  oxyd  of  lead  are  each  about 
2.  which  agrees  with  the  law  of  composition 
laid  down. 

Many  other  saline  substances  examined  by  the 
author  were  found  tolerably  well  to  agree  with 
the  above  law.  For  example,  100  parts  of  cry  - 
stallizcd  sulphat  of  iron  contain  the  following 
elements,  Hz. 


Sulphuric  acid  — — 28.9  containing  17.34  oxygen 

Suboxyd  of  iron  — — 25.7  — 5.8 

Water  — — — 45.4  — 40.16 


therefore  the  oxygen  of  each  of  these  three 
elements  is  respectively  in  the  proportion  of 
J .3  and  7. 

The  author  gives  many  other  experiments  on 
this  subject  from  which  he  deduces  the  following 
law,  namely,  that  in  every  compound  of  three 
or  more  oxydated  substances,  the  oxygen  of 
that  constituent  part  which  contains  the  least 
quantity  of  it  is  a common  divisor  for  the  other 
quantities  of  oxygen.  And  where  one  of  the 
compounds  is  water  its  oxygen  is  equal  to  that 
of  the  base  multiplied  by  some  integral  number. 
Hut  it  does  not  always  happen  that  the  oxygen 
in  the  water  bears  the  same  simple  ratio  to  that 
of.  the  acid  ; though  each  of  them  are  measured 
by  a simple  multiplication  of  that  of  the  lowest 
base.  Thus  in  the  case  just  stated,  the  oxygen 


of  the  water  is  to  that  of  the  base  as  7 to  I, 
and  that  of  the  base  is  to  that  of  the  acid  as  1 
to  3 ; but  that  of  the  water  is  to  that  of  the 
acid  as  7 to  3,  which  is  a ratio  that  cannot  be 
expressed  by  an  integral  number. 

ALALITE.  See  Augite. 

ALAUNSTEIN. 

A specimen  of  this  mineral  was  found  by 
Klaproth1  to  contain 

55.5  silex 

19.  alumine 

16.5  sulphuric  acid 
4.  potash 

3.  water 


9S.0 


3 Journ.  ilc  Pkys.  lxxi.  412. 
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•om  the  concurrence  of  this  analysis  with 
that  of  Vauquelin,  it  may  be  concluded  that 
the  above  are  the  ingredients  which  enter  into 
the  compostion  of  the  alum-stone  of  LaTolfa. 
The  difference  in  the  respective  proportions 
obtained  by  these  able  chemists  depends  in  part, 
no  doubt,  on  a want  of  perfect  uniformity  in 
different  portions  of  the  mineral  itself. 
ALBUMEN. 

Dr.  Bostock  has  given  some  useful  obser- 
vations concerning  this  substance. 1 When 
white  of  egg  is  coagulated  by  heat  and  then 
long  digested  in  water,  about  a fourth  part  is  dis- 
solved, the  remainder  being  untouched.  White 
of  egg  also  loses  about  80  per  cent,  of  its 
weight  by  gentle  drying,  which  loss  appears  to 
be  pure  water.  When  water  containing  only 
a thousandth  part  of  pure  aibumen  is  heated  to 
boiling  its  presence  is  indicated  by  a perceptible 
opacity.  The  pure  albumen  here  mentioned 
is  reckoned  to  constitute  15j  per  cent,  of  the 
entire  white  of  egg.  A solution  of  albumen  of 
the  above  strength  is  rendered  milky  by  a few 
drops  of  corrosive  sublimate  solution,  and  after 
a while  a curdy  precipitate  collects.  Nitro- 
muriat  of  tin  has  a similar  effect  but  is  not 
quite  so  powerful.  Equal  parts  of  an  infusion 
of  galls  (half  an  ounce  to  half  a pint  of  water) 
and  a solution  of  ToW  of  pure  albumen  form  a 
precipitate  after  standing  a time.  Goulard’s 
extract  (a  saturated  solution  of  litharge  in  hot 
vinegar)  precipitates  albumen  very  speedily. 

Most  of  these  and  other  substances  which 
coagulate  albumen  also  act  upon  other  animal 
fluids,  but  Dr.  B.  considers  the  coagulation  by 
heat  alone  and  by  corrosive  sublimate  as  ex- 
clusively belonging  to  albumen  when  compared 
with  jelly  and  mucus.  When  corrosive  subli- 
mate is  first  added  to  a solution  of  albumen 
and  heat  afterwards  applied,  the  coagulation  is 
very  complete,  and  the  coagulum  separable  from 
a very  dilute  solution,  but  then  it  is  a solid 
compound  of  albumen  with  oxyd  of  mercury. 
The  solution  of  tan,  though  considered  as  the 
appropriate  precipitant  of  jelly,  will  also  affect 
a solution  of  albumen,  though  not  to  the  same 
degree,  and  the  compound  precipitate  of  tan  and 
the  animal  matter  is  not  so  dense  and  separable 
from  the  liquid  when  albumen  is  present. 

Almost  every  metallic  solution  is  precipitated 
by  albumen, b and  this  precipitate  then  consists 
of  acid,  metallic  oxyd  and  albumen,  but  it  is 
again  soluble  more  or  less  completely  in  an 
excess  of  albumen.  Hence  it  may  be  inferred 
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that  it  is  the  albumen  which  holds  in  solution 
the  oxyd  of  iron  met  with  in  the  blood. 

Mr.  Brande  has  given  some  very  valuable 
facts  respecting  the  detection  of  small  quantities 
of  albumen  by  the  galvanic  action.0  When 
the  conductors  from  a galvanic  battery  are 
brought  near  each  other  in  white  of  egg,  an 
immediate  and  rapid  coagulation  takes  place  at 
the  negative  wire  but  only  a thin  film  of  albu- 
men forms  at  the  positive  wire.  This  has  been 
explained  on  an  idea  first  suggested  by  Dr. 
Thompson,  namely  that  the  fluidity  of  albumen 
depends  on  tire  presence  of  alkaline  matter, 
the  separation  of  which  at  the  negative  pole 
causes  the  albumen  to  assume  a solid  form. 

Pursuing  this  idea,  Mr.  Brande  coagulated 
some  white  of  egg  by  heat  and  then  extracted 
by  hot  water  that  portion  of  the  coagulum 
which  (as  observed  by  Dr.  Bostock)  is  again 
soluble  in  water,  this  solution  was  then  exposed 
to  the  galvanic  action,  and  a copious  coagu- 
lation took  place  at  the  negative  pole. 

The  decomposition  of  liquid  albumen  by 
voltaic  electricity  takes  place  however  in  very 
different  ways  according  to  the  power  employed. 
When  the  power  is  comparatively  high  the 
coagulation  goes  on  rapidly  at  the  negative 
pole  and  only  slowly  at  the  positive ; whereas 
with  an  extremely  low  power,  the  coagulation 
is  comparatively  rapid  at  the  positive  surface, 
whilst  an  alkaline  solution  of  albumen  continues 
to  surround  the  negative  pole.  It  would  ap- 
pear also  that  gelatine  is  not  precipitated  by 
galvanic  action  as  albumen  is ; which  may 
afford  an  useful  mode  of  analyzing  and  sepa- 
rating a mixture  of  these  two  fluids,  and  also 
of  distinguishing  a solution  of  albumen  in  al- 
kali (such  as  exists  in  the  serum  of  blood)  from 
real  jelly,  which,  when  concentrated,  it  resem- 
bles, in  having  a gelatinous  appearance.  Thus 
on  mixing  a solution  of  isinglass  with  serum 
of  blood  and  exposing  the  mixture  to  galvanic 
action,  the  albumen  of  the  serum  was  first  se- 
parated by  this  means,  after  which  an  addition 
of  galls  detected  the  jelly  of  the  isinglass  ap- 
parently unaltered. 

Professor  Berzelius  in  his  elaborate  analysis 
of  the  blood d (which  will  be  further  noticed 
under  that  article)  finds  that  a solution  of 
albumen,  such  as  exists  in  the  serum  of  blood, 
wall  readily  dissolve  many  metallic  salts  par- 
ticularly the  suboxyds  of  iron.  This  solution 
is  readily  made,  and  is  green  when  the  black 
oxyd  is  used  and  becomes  yellow  by  exposure 
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to  the  air,  with  deposition  of  red  oxyd.  A 
mineral  acid  precipitates  the  albumen  colour- 
less and  retains  the  iron  in  solution.  The 
prussiates  alone  do  not  disturb  the  solution  of 
iron  in  albumen,  but  on  adding  a little  muriatic 
acid,  an  exquisitely  beautiful  blue  precipitate 
falls  down,  which  is  a compound  of  Prussian 
blue  and  albumen. 

The  same  author  finds  (as  indeed  has  every 
other)  that  there  appears  to  be  very  little  dif- 
ference between  fibrin  and  albumen  except 
in  the  mere  circumstance  that  albumen  does 
not  coagulate  spontaneously,  and  albumen  seems 
to  be  intermediate  between  fibrin  and  the  colour- 
ing matter  of  blood.  The  ash  of  coloured  al- 
bumen is  white*,  it  contains  no  iron,  but  shews 
a little  soda,  phosphate,  and  carbonate  of  lime, 
and  some  magnesia. 

The  ultimate  analysis  of  albumen  when  de- 
composed by  combustion  with  oxymuriate  of 
potash  is  thus  given  by  Messrs.  Gay  Lussac 
and  Thenard.1  i 00  parts  of  albumen  supposed 
to  be  free  from  all  earthy  and  metallic  parts, 


contain. 

Of  carbon 52.883 

Of  oxygen  and  hydrogen  in  the  "I  ^ 
proportions  to  constitute  water  J 
Of  hydrogen  in  excess  ....  4.285 
Of  azote 15.705 


100.000 

The  albumen  here  employed  was  white  of 
egg,  dried  as  much  as  posstble  in  a boiling 
water  heat.  Sixteen  grammes  left  after  cal- 
cination in  open  fire  0.  976  of  a gramme. 

In  the  results  of  this  analysis  of  the  propor- 
tion of  its  elementary  ingredients  it  is  found  to 
agree  most  closely  with  fibrin.  (S zq  Analysis 
in  this  Appendix .) 

ALCOHOL  and  ETHER. 

Muriat  of  lime  affords  a still  better  means 
of  bringing  alcohol  to  the  highest  degree  of 
rectification  than  subcarbonate  of  potash,  or  it 
may  be  used  after  the  alkali  has  ceased  to 
exert  its  power.  Dry  muriat  of  lime  added  to 
alcohol  already  highly  rectified  will  produce 
two  liquors,  the  lowest  a watery  solution  of 
the  salt,  the  highest  a spirit  which  when 
carefully  decanted  and  redistilled  at  a gentle 
heat,  will  afford  alcohol  of  extreme  purity  and 
strength,  the  first  distilled  portion  is  the  light- 
est and  therefore  the  purest. 

An  elaborate  series  of  experiments  on  the 
ultimate  analysis  of  alcohol  and  ether,  has  been 
undertaken  by  Th.  d“  Saussure, c in  methods 
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somewhat  differing  from  that  of  Lavoisier. 
The  operation  of  analysis  consisted  fundamently 
in  combining  the  alcohol  with  ihe  utmost 
possible  quantity  of  oxygen,  so  as  to  reduce  it 
entirely  into  carbonic  acid  and  water,  (which 
indeed  was  that  of  Lavoisier)  and  calculating 
from  the  known  proportions  of  these  sub- 
stances, those  of  the  respective  constituent 
parts  of  alcohol. 

Several  data  must  be  laid  down  as  elements 
of  these  calculations,  and  those  assumed  by 
M.  de  Saussure  are  the  following  : 

100.  parts  of  water  contain  by  weight  88.  of 
oxygen  and  12  of  hydrogen,  2.  parts  by  measure 
of  hydrogen  saturate  one  measure  of  oxygen  to 
form  water. b 

1000.  cub.  inch,  of  hydrogen  gas  (Bar.  28®. 
Ther.  10°.  Reau.)at  the  point  of  extreme  dryness 
weigh  34.303  grs.  (French  weights  & measures.) 

1000.  cub.  inch,  of  oxygen  gas  under  the 
same  heat  and  pressure  but  at  the  term  of  ex- 
moisture weigh  512.37  grs. 

1000.  cub.  inch,  of  carbonic  acid,  under 
the  same  circumstances  as  the  last,  weigh 
693.71  grs. 

Carbonic  acid  contains  its  own  bulk  of  oxy* 
gen  gas. 

100.  parts  by  weight  of  carbonic  acid  gas  at 
the  point  of  extreme  humidity  contain  26. 
parts  of  carbon. 

The  alcohol  here  used  had  the  specific  gravity 
of  0.792  at  16°.  Reau.  (68°.  Fahr.)  and  was 
obtained  by  distilling  common  spirit  of  wine 
from  half  its  weight  of  muriat  of  lime  dried 
nearly  at  a red  heat,  and  drawing  off  only  half  the 
liquor ; and  again  distilling  this  from  its  own 
weight  of  muriat  of  lime  and  drawing  only  half. 

This  alcohol  was  burned  in  three  different 
ways. 

The  first,  (which  was  that  of  Lavoisier)  wat 
to  burn  it  in  a lamp  under  a receiver  filled 
with  oxygen  gas. 

The  second,  was  to  detonate  its  gasseous 
vapour  with  oxygen  gas  in  Volta’s  Eudiometer. 

The  third,  was  to  decompose  it  by  passing 
it  through  a red  hot  porcelain  tube. 

The  exact  process  of  the  first  mode  differed 
in  some  particulars  from  that  of  Lavoisier. 
From  this  the  composition  of  100  parts  of  the 
alcohol  used  was  estimated  as  follows  : 

Carbon 36.890 

Hydrogen 9.365 

Oxygen  and  hydrogen  as  water  53.745 

100.000 
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Of  the  above  53.745  of  water,  the  oxygen 
is  47.296  and  the  hydrogen  therefore  is  6.44.9, 
which  added  to  the  9.365,  gives  15.814  for 
the  entire  hydrogen. 

As  these  results  differed  considerably  from 
those  of  Lavoisier,  M.  de  Saussure  repeated 
the  experiment  with  alcohol  rectified  by  dis- 
tillation alone  without  addition;  but  after  making 
due  allowance  for  the  proportion  of  water  in 
this  lower  alcohol  (from  Richter’s  tables)  the 
composition  of  the  pure  alcohol  contained  there- 
in, hardly  differed  from  the  former  where  this 
alcohol  alone  was  employed.  Hence  the  com- 
parative accuracy  of  the  experiments  was  proved, 
and  also  the  important  point  was  proved  that 
alcohol  thus  highly  rectified  by  distillation  twice 
from  muriat  of  lime,  does  not  sensibly  approach 
to  the  nature  of  ether,  as  has  been  supposed. 

The  second  mode  of  analysis  was  by  deto- 
nating the  vapour  of  this  alcohol  with  oxygen 
in  Volta’s  tube  by  the  electric  spark.  This 
however  would  not  detonate  without  the  mixture 
of  a little  hydrogen.  The  fumes  left  after  the 
detonation  had  no  smell  of  burning  spirits. 
After  all  calculations  the  composition  of  the 
alcohol  from  this  experiment  is  : 

Carbon  . . . 42.82 

Hydrogen.  . . 15.82 

Oxygen  . . . 41.36 

100.00 


The  third  mode  of  analysis  was  by  passing 
the  alcohol  through  a red-hot  tube  and  ex- 
amining all  the  products,  an  operation  of  great 
length  and  very  complicated.  Several  foreign 
substances  were  thus  detected  in  the  alcohol, 
such  as  potash,  lime,  silex  and  acetic  acid,  but 
in  very  minute  quantity.  The  immediate  pro- 
ducts of  the  whole  process  were  a carburctted 
hydrogen  gas,  water,  oil,  charcoal  and  ashes. 
Of  these  the  gas  was  in  by  far  the  greatest 
proportion,  and  was  analyzed  separately. 

The  composition  of  alcohol  derived  from 
this  last  process,  agreed  very  nearly  with  the 
last  mentioned,  it  was  : 


Carbon  . 

. . 43.65 

Oxygen  . 

. . 37.85 

Hydrogen  . 

. . 14.95 

Nitrogen 

. . 3.51 

Ashes  . . 

. . 0.04 

100.00 


This  result  however  shews  a small  propor- 


tion of  nitrogen  which  escaped  notice  in  the 
former  experiments. 

Sulphuric  Ether.  This  fluid  was  analyzed 
also  by  M.  Theod.  de  Saussure,  both  by  trans- 
mission through  a red-hot  porcelain  tube,  and 
by  the  detonation  of  its  elastic  vapour.  In  the 
former  method  the  ether  was  entirely  decom- 
posed and  the  immediate  products  were  a large 
quantity  of  oxycarburetted  gas,  amounting  to 
near  nine  tenths  of  the  weight  of  the  ether,  some 
oil  and  some  charcoal  deposited  in  the  tube. 

The  ultimate  analysis  of  ether  gave  the 
following  results : 

100  parts  of  ether  contain 

Carbon  ....  59. 

Oxygen  . . . . .19 

Hydrogen  ...  22 

100 


Hence  in  equal  weights  ether  contains  much 
more  carbon  and  hydrogen  than  alcohol,  but 
less  oxygen.  The  author  endeavoured  to  as- 
certain what  quantity  of  ether  a determinate 
weight  of  alcohol  would  produce.  By  dis- 
tilling alcohol  first  with  sulphuric  acid  and 
then  rectifying  the  residue  by  several  alternate- 
distillations  from  a solution  of  potash  and  fresh 
sulphuric  acid,  he  obtained  from  100  parts  by- 
weight  of  common  spirit  of  wine,  25.25  parts 
of  ether  in  the  first  process ; 10.3  in  the- 
second  ; and  3.2  in  the  third,  reckoning  as  part 
of  the  product  the  actual  loss  of  weight  during 
each  distillation,  which  is  here  considered  as 
etherized  vapour.  The  sum  of  these  products 
and  losses  of  ether  amounts  to  38.75,  which 
is  nearly  half  the  weight  of  the  pure  alcohol 
contained  in  the  100  parts  of  the  common 
spirit  of  wine.  These  experiments,  like  most 
of  the  others  made  on  these  substances  with  a 
view  of  analysis,  are  confessedly  only  approx- 
imations to  accuracy,  being  laborious  and  com- 
plicated. 

Nitric  Ether.  An  elaborate  and  important 
series  of  experiments  on  this  and  many  other 
ethers  has  been  performed  by  M.  Thenard,  c 
from  the  particulars  of  which  the  following 
description  of  its  properties  is  deduced. 

Nitric  ether  is  a very  inflammable,  odorous,, 
pungent  liquid,  somewhat  lighter  than  alcohol, 
and  soluble  in  this  fluid  in  all  proportions ; 
almost  insoluble  in  water,  though  when  mixed 
with  it  giving  it  the  smell  of  rennet  apples; 
decomposable  by  heat  and  forming  nitrous  and 
acetous  acid ; soluble  iu  every  gas,  and  with- 
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the  nitrous  and  acetous  acid  gasses,  producing 
a most  intimate  combination  which  can  with 
difficulty  be  separated  by  alkalies.  Nitric  ether 
reduced  to  its  ultimate  elements  is  thus  com- 
posed : 

Azote  ....  14.49 

Carbon  ....  23.6.5 

Oxygen  ....  48.52 
Hydrogen  . . . 8.54 


100.00 


Nitric  ether  is  obtained  by  distilling  equal 
parts  of  highly  rectified  alcohol  and  nitric  acid. 
1000.  parts  of  the  mixture  give  about  160  of 
pure  ether,  but  for  this  purpose  the  gasseous 
product,  which  is  very  abundant,  must  be 
passed  through  five  or  six  bottles  half  full  of 
saturated  brine,  and  cooled  by  ice  or  snow  and 
salt,  or  some  similar  freezing  mixture  •,  and  the 
retort  itself  must  be  frequently  cooled  with 
cold  water  to  moderate  the  action  of  its  con- 
tents. All  the  etherial  liquors  contained  in 
the  bottles  must  be  then  collected  and  freed 
from  their  acid,  by  being  shaken  in  a bottle 
in  contact  with  lime. 

The  gas  disengaged  by  the  first  distillation  is 
very  abundant,  and  consists  of  much  nitrous 
oxyd,  a little  nitrous  gas,  azote,  nitric,  acetic, 
and  carbonic  acids,  together  with  a good  deal  of 
ether,  most  of  which  however  is  separated  by 
the  intense  cold  of  the  apparatus. 

If  the  distillation  is  Slopped  when  no  more 
ether  is  given  over,  the  residue  contains  nearly 
three  fifths  of  the  whole  mixture,  and  is  yel- 
lowish, acid,  alcoholic,  and  contains  nitric  and 
acetic  acids. 

Nitric  ether,  or  etherized  nitrous  gas,  may  he 
decomposed  by  potash,  in  the  latter  case  by 
frequent  agitation  with  a solution  of  the  alkali, 
in  the  former  by  being  added  to  an  alcoholic 
solution  of  potash.  After  a day  or  two  the 
decomposition  is  compieat,  and  the  residue 
contains  alcohol,  nitrite  and  acetite  of  potash. 

Muriatic  Ether.  The  properties  of  this 
ether  have  also  been  examined  by  M.  Thenard. 
Muriatic  ether  may  be  made  in  various  ways, 
with  more  or  less  ease,  both  by  distilling 
alcohol  and  the  metallic  muriats,  and  also  by 
the  direct  union  of  muriatic  acid  and  alcohol, 
as  we  have  mentioned  in  the  Chem.  Dictionary. 
M.  Thenard  prepared  it  in  the  following  way  : 
equal  volumes  of  alcohol  and  muriatic  acid 
botli  highly  concentrated,  were  put  into  a 
retort  (with  a few  grains  of  sand  at  the  bottom 
to  avoid  the  spirting  up  of  the  contents  when 


boiling)  and  well  shaken,  and  then  set  over  a 
furnace.  A tube  of  safety  connected  the  retort 
with  a tubulated  receiver,  double  the  size  of 
the  retort,  and  partly  filled  with  water  so  as  to 
immerse  the  end  of  the  tube.  Another  tube 
proceeded  from  the  receiver  to  the  first  of  a 
series  of  bottles  also  filled  with  water.  The 
retort  was  gently  heated,  and  bubbles  of  ethe- 
rized gas  socn  appeared,  mixed  with  some 
alcohol,  acid,  and  water,  all  of  which  iast  were 
detained  in  the  receiver,  whilst  the  pure  gas- 
seous ether  passed  on  in  great  abundance  in 
proportion  as  the  water  became  saturated  with 
it.  This  gas  is  colourless,  strongly  etherial  to 
the  smell,  and  tastes  saccharine,  particularly 
when  dissolved  in  water.  It  has  no  action  on 
litmus,  violets,  nor  lime-water.  Its  sp.  gr. 
is  2.219  at  64°  Fahr.  (common  air  being'  1.00) 
and  at  a medium  pressure  and  the  above  tem- 
perature is  soluble  in  its  own  bulk  of  water. 
It  becomes  liquid  at  52°.  Fahr.  and  hence  the 
liquid  ether  may  easily  be  obtained  separate, 
by  conducting  the  gas  into  an  empty  vessel 
surrounded  with  ice.  The  liquid  ether  also 
has  no  effect  on  litmus.  Its  specific  gravity  at 
41°.  F.  is  .874.  When  poured  on  the  hand  it 
immediately  boils  and  evaporates,  producing 
much  cold.  It  does  not  congeal  at  — 20°.  F. 
At  a medium  temperature  and  in  a short  time 
this  ether,  whether  gasseous  or  liquid,  shews 
no  trace  of  muriatic  acid  either  by  the  action  of 
alkalies  or  by  nitrat  of  silver ; but  the  moment 
that  this  ether  is  burned,  so  large  a quantity  of 
muriatic  acid  is  set  at  liberty  as  to  diffuse  its 
suffocating  vapour  all  around  and  to  be  mani- 
fested by  all  the  proper  chemical  tests.  It  is 
therefore  a peculiar  property  of  this  ether  to  - 
contain  a large  quantity  of  muriatic  acid  in  a 
state  which  is  not  readily  detected  except  by 
combustion. 

Muriatic  ether,  both  liquid  and  gasseous, 
is  slowly  absorbed  by  a solution  of  potash  in 
water  or  in  alcohol,  at  a low  temperature.  At 
first  no  muriatic  acid  appears  to  combine  with 
the  alkali,  but  after  a considerable  time  a little 
of  the  acid  separates,  though  partially,  and 
becomes  sensible  by  the  test  of  nitrated  silver. 
But  by  raising  the  temperature  this  separation 
of  the  acid  becomes  much  more  rapid. 

The  sulphuric  and  nitric  acids  in  like  manner 
have  but  little  action  on  the  ether  when  cold, 
but  decompose  it  rapidiy  when  heated.  On 
the  other  hand  oxymuriatic  gas  and  muriatic 
ether,  act  upon  each  other  immediately  at  a 
common  temperature,  and  a large  quantity  of 
muriatic  acid  appears. 
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Some  experiments  have  been  made  with  the 
same  view  as  those  above  mentioned,  by  M. 
Boul!ay.d  The  muriatic  ether  was  prepared 
in  the  following  way.  Muriatic  acid  gas,  dis- 
engaged from  dried  common  salt  and  sulphuric 
acid,  was  passed  through  1000.  parts  of  pure 
alcohol  by  a suitable  apparatus,  and  680  parts 
of  the  acid  gas  were  absorbed,  during  which 
the  temperature  (at  first  50°.  F.)  was  raised  to 
75°.  F.  The  alcohol  thus  saturated  with  mu- 
riatic acid  gas  was  colourless,  of  an  oily  con- 
sistence, of  1.1.34-  sp.  gr.  smoking  when  ex- 
posed to  air,  miscible  with  water,  but  with  the 
disengagement  of  heat  and  hubbies  of  air  smel- 
ling strongly  of  ether.  This  muriated  alcohol 
was  distilled  separately,  and  the  products  re- 
ceived first  into  an  empty  bottle,  kept  at  the 
temperature  of  14°.  to  17°.  F.  by  muriat  of 
lime  and  snow,  and  beyond  this,  into  water. 
r\  he  distillation  from  the  retort  took  place  at 
about  86°.  and  most  of  the  etherized  gas  con- 
densed in  the  empty  bottle  into  a liquid,  which 
after  washing  with  potash  appeared  to  be  pure 
muria  ic  ether. 

M.  Thenard  states  in  a note  (Mem  Arcueil, 
tom.  1.  page  154}  his  surprize  at  learning  that 
his  experiments  on  the  production  of  muriatic- 
ether  by  muriatic  acid  and  alcohol  alone,  which 
he  considered  as  nearly  original,  had  been 
anticipated  by  Basse,  a chemist  of  Hameln, 
who  prepared  the  ether  by  sulphuric  acid, 
alcohol,  and  common  salt,  and  by  Gehlen  who 
had  repeated  Basse’s  experiment.  It  appears 
however  that  Scheele  discovered  most  of  the 
remarkable  properties  of  this  ether,  and  pointed 
out  its  gasseous  form,  its  peculiar  sensible 
qualities,  its  giving  no  indication  of  acidity  by 
litmus  or  nitrat  of  silver  before  combustion, 
but  abundantly  afterwards. 

Muriatic  ether  is  also  made  (as  mentioned  in 
the  Chem.  Dicty.)  by  distilling  some  of  the 
metallic  muriats  or  butters  with  alcohol,  a 
process  described  by  Scheele,  Rcuelle  and 
Gourtanvaux.  This  was  repeated  by  Thenard 
with  a little  variation.  A mixture  was  made 
in  a retort  of  7 parts  of  highly  rectified  alcohol 
and  12  parts  of  muriat  of  tin.  A tubulated 
Jong-neckcd  matrass  was  connected  with  the 
retort,  and  a Woulfe’s  apparatus  was  annexed, 
'l'lie  matrass  was  empty  and  kept  cool,  the 
other  bottles  were  full  of  water.  On  mixing 
the  materials,  a hissing  noise  like  the  quenching 
of  hot  iron  in  cold  water  was  heard,  and  a very 
great  heat  was  excited.  The  distillation  was 
continued  at  a boiling  heat  till  nearly  all  the 


alcohol  was  driven  over.  No  gas  whatever 
was  generated.  In  the  retort  was  left  a hard 
yellow  muriat  of  tin  j the  matrass  contained 
two  strata  of  liquids,  the  lower,  which  was  in 
small  quantity  was  a solution  of  muriat  of  tin  ; 
and  the  upper  was  a thick  liquid  strongly 
etherial  and  alcoholic,  with  a sharp  metallic 
taste,  reddening  litmus,  and  depositing  oxyd  of 
tin  on  saturation  with  alkali.  This  liquid  was 
diluted  with  water  and  redistilled,  and  the 
products  were  alcohol,  etherized  gas  and  muriat 
of  tin.  The  etherized  gas  on  further  exami- 
nation was  nearly,  if  not  absolutely,  identical 
with  the  gasseous  muriatic  ether  obtained  by 
the  former  processes. 

M.  Thenard  in  a subsequent  memoir  give9 
his  experiments  on  the  ultimate  analysis  of 
muriatic  ether,  though  confessedly  imperfect. 
An  essential  part  of  this  inquiry  was  to  discover 
the  proportion  of  muriatic  acid,  or  its  elements, 
combined  in  the  ether.  For  this  purpose  a 
given  quantity  of  muriatic  acid  and  alcohol 
were  put  into  a retort  and  distilled,  with  proper 
precautions  to  collect  all  the  products,  liquid 
and  gasseous,  and  these  were  afterwards  sepa- 
rately examined.  The  quantity  of  muriatic 
acid  entering  into  the  composition  of  the  ether 
was  estimated  by  comparing  the  quantity  of 
potash  required  to  saturate  the  acid  in  the 
retort  before  and  after  the  distillation,  all  the 
loss  of  acid  from  the  retort  being  supposed 
to  enter  into  the  composition  of  the  ether. 
From  these  data  it  would  appear  that  muriatic 
ether  contains  full  30  per  cent,  of  its  weight  of 
muriatic  acid  of  an  equal  degree  of  concentra- 
tion as  exists  in  fused  muriat  of  potash. 

Action  of  Oxymurialic  Acid  upon  Alcohol. 

The  mutual  action  of  these  two  substances 
was  first  examined  by  Scheele,  and  afterwards 
by  Berthollet,  Pelletier,  and  other  chemists. 
They  have  noticed  the  production  of  a green 
oil  in  the  process,  and  of  a quantity  of  ether. 
M.  Thenard  in  repeating  this  experiment  em- 
ployed 300  parts  of  alcohol,  and  passed  through 
it  the  oxymuriatic  gas  arising  from  1750  parts 
of  common  salt,  450  of  black  oxyd  of  man- 
ganese, and  800  parts  of  sulphuric  acid  diluted 
with  as  much  water.  The  gas  was  first  washed 
by  transmission  through  water,  and  then  sent 
into  the  alcohol,  and  the  whole  was  absorbed. 
The  liquor  contained  a greenish-white  oil,  and 
a great  excess  of  muriatic  acid.  On  rec- 
tification with  alkali  no  ether  was  obtained, 
but  only  an  alcoholic  liquor  holding  more  of 
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the  same  oil  in  solution.  This  in  some  respect 
agrees  with  the  result  of  Dolifuss’s  experiments 
before  mentioned  •,  e so  that  it  seems  still  doubt- 
ful whether  true  muriatic  ether  is  formed  by 
the  mere  transmission  of  oxymuriatic  acid 
through  alcohol. 

Phosphoric  Ether. 

The  following  process  is  given  by  M. 
Boullay  f for  the  preparation  of  phosphoric 
ether,  the  existence  of  which  had  been  doubted 
by  several  chemists.  To  a tubulated  retort 
placed  on  a sand-bath  was  joined  a tubulated 
receiver  connected  with  a Woulfe’s  bottle  full 
of  lime  water  and  with  a pneumatic  apparatus. 
Into  the  retort  were  put  500  grammes  of  pure 
phosphoric  acid,  made  by  acidifying  phos- 
phorus by  nitric  acid,  vitrifying  the  acid,  re- 
dissolving and  evaporating  it  to  the  consistence 
of  honey.  A glass  vessel  similar  to  the  Acid- 
Holdcr , open  at  both  ends  and  terminating  at 
one  end  in  a long  tube  with  a stop  cock,  was 
fitted  to  the  tubulure  of  the  retort,  the  length- 
ened tube  dipping  into  the  phosphoric  acid. 
The  receiver  being  kept  cool  by  a mixture  of 
salt  and  ice,  the  acid  in  the  retort  was  heated 
to  about  245°.  Fahr.  Then  500  grammes  of 
alcohol  were  let  down,  drop  by  drop,  into  the 
heated  phosphoric  acid.  A violent  ebullition 
took  place  on  the  mixture,  which  turned 
black,  and  numerous  streaks  of  condensed 
vapour  immediately  appeared  on  the  neck  of 
the  retort.  The  fire  was  kept  up  till  the 
contents  of  the  retort  were  dry. 

There  passed  into  the  receiver, 

1st.  120  grammes  of  weakly  etherized  al- 
cohol. 

2d.  2G0  grammes  of  a clear,  light  liquid, 
smelling  much  more  strongly  etherized  than 
the  last. 

3d.  GO  grammes  of  water  saturated  with 
ether,  on  which  floated  about  four  grammes  of 
a yellow  empyreumatic  liquid  resembling  oil 
of  wine. 

4th.  Another  liquid  insupportably  fetid,  red- 
dening litmus  and  effervescing  with  carbonat 
of  potash.  When  saturated  with  this  alkali  it 
afforded  acetite  of  potash. 

The  lime  water  became  turbid  only  at  the 
end  of  the  distillation. 

The  gas  collected  had  a sweet  penetrating 
smell,  burning  with  a white  flame  and  deposit- 
ing a copious  black  soot. 

The  two  first  products  of  the  distillation 
being  mixed  and  rectified  by  gentle  distillation 
from  muriat  of  lime,  gave  GO  grammes  of  a 


very  pure  ether  strongly  resembling  sulphuric 
ether,  in  its-  partial  solubility  in  water,  rapid  eva- 
poration in  the  air,  burning  with  a white  flame 
and  smoke,  and  leaving  no  marks  of  acidity 
when  kindled  on  the  surface  of  water. 

Alcohol  and  the  Vegetable  Acids. 

Most  of  the  vegetable  acids  dissolve  in  alco- 
hol, but  the  spirit  is  separable  again  by  dis- 
tillation in  an  unaltered  state  from  all  but  the 
acetic  acid,  and  even  this  latter  will  not  convert 
alcohol  into  ether  without  frequent  cohobation, 
or  the  use  of  some  of  the  dry  acetites. 

But  if  a small  portion  of  any  of  the  con- 
centrated mineral  acids  be  added  to  the  vege- 
table acid  and  alcohol  before  distillation,  a 
most  striking  difference  of  result  is  observed. 
The  alcohol  is  changed  more  or  less  compleatly 
into  an  ether  or  a substance  resembling  ether, 
consisting  of  an  intimate  combination  of  the 
alcohol  and  acid,  which  hardly  if  at  all  shews 
any  acid  properties  before  combustion,  but 
gives  a large  quantity  of  acid  afterwards.  This 
curious  subject  was  first  undertaken  by  Scheele, 
who  shewed  by  experiment  the  facility  with 
which  the  addition  of  a little  muriatic  acid 
promotes  the  separation  of  acetic  ether  from 
acetic  acid  and  alcohol,  and  observed  a singular 
product  obtained  in  this  method  from  benzoic 
acid,  muriatic  acid  and  alcohol,  but  failed  in 
procuring  any  particular  results  from  the  tar- 
taric, citric,  boracic  and  succinic  acids.  This 
subject  has  also  been  examined  with  some 
minuteness  by  M.  Thenard.  s 

Some  of  the  experiments  we  shall  mention. 

Benzoic  Acid,  Alcohol  and  Muriatic  Acid. 

30  parts  of  benzoic  acid,  60  of  alcohol,  and 
15  of  concentrated  muriatic  acid,  were  distilled 
till  two  thirds  of  the  ingredients  had  passed 
over.  No  gas  but  common  air  appeared,  and 
scarcely  a trace  of  muriatic  ether.  The  first 
distilled  product  was  only  alcohol,  but  after- 
wards a peculiar  matter  came  over  dissolved  in 
the  spirit  but  separable  by  water.  The  retort 
also  contained  much  of  the  same  substance 
which  had  congealed  to  the  bottom.  It  was 
separated  from  all  the  other  matters  by  washing 
with  hot  water  in  which  itself  was  hardly 
soluble.  This  substance  was  yellowish,  pun- 
gent, somewhat  heavier  than  water,  fusible  at 
from  76°.  to  86°.  F.  and  volatile  at  about  17G°. 
F.  it  was  acid,  oleaginous,  nearly  insoluble  in 
cold  water,  but  considerably  soluble  in  hot 
water  and  in  alcohol,  from  which  last  it  was 
precipitable  by  water.  When  the  excess  of 
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acid  was  saturated  with  an  alkali  it  still  re- 
mained white,  pungent,  and  odorous,  and 
quite  liquid  at  a common  temperature.  When 
long  agitated  with  liquid  potash  it  gradually 
was  absorbed  without  the  disengagement  of 
any  gas,  and  appeared  to  be  resolved  into 
alcohol  and  benzoic  acid,  but  no  muriatic,  and 
yet  it  cannot  be  formed  by  the  direct  distillation 
of  benzoic  acid  and  alcohol,  without  the  inter- 
vention of  the  muriatic  acid. 

The  citric,  oxalic,  and  malic  acids,  distilled 
with  alcohol  and  a little  sulphuric  acid,  ail  gave 
a peculiar  substance  somewhat  resembling  that 
from  the  benzoic  acid. 

Acetic  Ether.  20  parts  of  acetic  acid  con- 
gealable  at  32 3.  F.  were  distilled  once  with  30 
parts  of  alcohol  of  .800  sp.  gr.  It  required 
much  heat  to  bring  the  mixture  to  boiling,  and 
only  a very  little  acetic  ether  was  produced. 

The  same  experiment  was  repeated  with  the 
addition  of  5 parts  of  strong  sulphuric  acid: 
19  parts  of  the  acetic  acid  disappeared,  the 
ether  was  produced  with  singular  ease  and 
almost  without  hear,  and  as  much  as  40  parts 
were  obtained  : this  appears  to  be  a very  simple 
and  excellent  process,  and  the  ether  may  be 
rectified  easily  by  a little  potash  even  without 
a second  distillation. 

Acetic  ether  may  also  be  made  very  well  by 
Scheele’s  method,  ( them.  Diet.  art.  Ether.) 
The  following  are  given  by  M.  Thenard  as 
good  proportions  : 3 parts  of  acetate  of  potash, 
3 parts  of  strong  alcohol,  and  2 parts  of  con- 
centrated sulphuric  acid,  distilled  to  dryness. 
The  product  again  slowly  distilled  with  a fifth 
ol  its  weight  of  fresh  sulphuric  acid,  will  give 
as  much  rectified  acetic  ether  as  the  alcohol 
employed.  The  sulphuric  acid  should  be  al- 
ways concentrated.  Any  other  neutral  acetite 
will  answer  the  same  purpose,  and  the  dose  of 
sulphuric  acid  should  be  somewhat  more  than 
will  saturate  the  base  of  the  acetite.  The 
neutral  acetites  distilled  per  se  yield  a peculiar 
substance  called  Ppro-Acciic  Spirit,  already 
described  in  the  article  Acetic  Acid  in  this 
appendix.  M.  Thenard  infers  as  a general 
law,  from  these  and  other  experiments,  that 
when  the  vegetable  acids  are  pure,  none  of 
them,  except  the  acetic,  will  combine  with 
alcohol  in  such  a way  as  to  lose  their  acid 
properties;  but  when  a mineral  acid  capable  of 
strongly  condensing  alcohol  is  added,  all  these 
vegetable  acids  acquire  the  property  of  uniting 
with  alcohol  into  a peculiar  compound  which 
shews  no  acidity  till  the  compound  is  again 


decomposed  by  heat  or  alkalies,  and  which 
does  not  contain  any  of  the  mineral  acid  neces- 
sary to  its  formation. 

Alcohol — how  produced  from  fermented 
liquors. 

In  our  original  article  ( Fermentation , vol.  1. 
p.  4314  we  mentioned  that  a question  has 
arisen  whether  alcohol  exists  ready  formed  in 
fermented  liquors,  or  whether  it  is  a product 
generated  from  them  by  the  act  of  distillation. 
Mr.  Brande  has  given  some  experiments  on 
this  subject  in  which  he  favours  the  former 
opinion.  a Fabbroni  who  advanced  the  latter 
of  these  two  opinions,  asserts  that  though  dry 
carbonat  of  potash  will  not  separate  any  alcohol 
from  wine  in  its  natural  state,  yet  if  as  little  as 
a hundredth  part  of  alcohol  is  purposely  added 
to  wine,  this  addition  will  be  made  apparent 
by  mixing  dry  subcarbonate  of  potash  to  the 
wine.  Mr.  Brande  however  did  not  find  this 
to  be  the  case  with  the  wines  which  he  em- 
ployed ; for  when  4 oz.  of  the  dry  alkali  were 
added  to  8 oz.  of  port  wine,  both  pure,  and 
mixed  with  £ of  alcohol,  no  separation  of  spirit 
took  place  in  either  instance,  but  the  mixture 
in  both  cases  divided  itself  into  two  portions, 
the  lower  of  which  was  a saturated  solution  of 
the  alkali,  and  the  upper  was  a gelatinous  mass 
containing  apparently  all  the  colour  and  extract 
of  the  wine,  uniformly  and  undistinguishably 
mixed  with  the  spirit.  Nevertheless  as  it  was 
found  that  very  exactly  the  same  proportion  of 
alcohol  was  yielded  by  pure  wine,  when  dis- 
tilled at  different  temperatures,  (the  boiling 
point  being  raised  artificially  in  some  of  the 
experiments  by  adding  muriat  of  lime)  tha 
author  conceives  that  this  is  a sufficient  proof 
that  the  alcohol  is  not  formed  but  merely 
expelled  from  the  wine  by  distillation,  since  if 
it  had  been  actually  formed  in  the  process,  he 
supposes  that  a change  in  the  boiling  tem- 
perature must  have  influenced  the  product  of 
alcohol  in  one  way  or  other. 

A much  more  satisfactory  proof  of  this 
opinion  with  regard  to  the  formation  of  alcohol 
is  however  furnished  by  the  same  chemist  in 
his  last  paper,  in  which  he  first  precipitates  all 
the  extractive  and  colouring  matter  from  wine 
by  the  subacetate  of  lead,  and  then  the  addition 
of  the  alkali  separates  the  alcohol  from  the 
wine  thus  clarified  in  a very  distinct  manner. 
One  measure  of  a saturated  solution  of  the  salt 
of  lead  added  to  8 measures  of  port  wine,  and 
shaken  for  a few  minutes  and  thrown  on  a 
filter,  gave  a perfectly  clear  and  colourless 
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liquid,  from  which  on  the  addition  of  dry  sub- 
carbonat of  potash  the  alcohol  separated  rapidly. 
Mr.  Brande  found  by  experiments  with  alcohol 
and  coloured  water,  that  this  mode  separated 
the  spirit  almost  totally  from  the  mixture, 
whence  it  is  reasonable  to  infer  that  no  spirit 
whatever  is  generated  by  distillation,  but  only 
expelled  from  the  fermented  liquor. 

The  subacetate  of  lead  is  prepared  by  boiling 
two  parts  of  sugqr  of  lead  with  one  of  finely 
powdered  litharge,  in  six  parts  of  water.  It 
should  be  kept  carefully  excluded  from  the 
air  which  is  constantly  converting  it  to  insolu- 
ble carbonat  of  lead.  The  effect  of  this  sub- 
acetate in  separating  all  vegetable  matter  from 
infusions  of  vegetables  has  been  long  noticed 
by  Dr.  Bostock  and  other  experimental  chemists. 

ALCOHOL  of  SULPHUR.  See  Sul- 
phur, Alcohol  of. 

ALKALI  (FIXED.) 

Potash  and  soda  prepared  from  the  carbonats 
of  these  alkalies  by  lime,  the  caustic  alkaline 
solution  being  evaporated  to  dryness,  redis- 
solved in  alcohol,  and  again  dried  and  heated 
to  redness,  have  long  been  considered  as  being 
in  as  high  a state  of  purity  as  can  be  produced  by 
chemical  means.  See  the  Article  ( Potash) 
Chem.  Diet.  Vol.  Jl. 

But  a most  important  discovery  has  lately 
been  made  which  affects  the  results  of  all  the 
analyses  of  the  neutral  salts  with  a basis  of 
potash  or  soda,  and  indeed  is  peculiarly  satis- 
factory, as  it  explains  the  anomaly,  before  un- 
accountable, of  the  great  difference  in  the  esti- 
mation of  these  salts  when  the  experiments  are 
made  with  the  dry  alkaline  carbonats  or  the  dry 
caustic  alkali.  The  discovery  is,  that  the  caus- 
tic fixed  alkali  prepared  with  the  utmost  care 
and  brought  to  a state  of  fusion  in  a red  heat, 
is  not  the  simple  alkali,  but  contains  a consi- 
derable proportion  of  Water , which  cannot  be 
expelled  by  any  length  of  fusion,  though  it 
does  not  accompany -the  alkali  when  neutralized 
with  an  acid  and  again  brought  to  the  heat  of 
ignition.  Hence  if  in  any  analytical  experi- 
ment a given  weight  of  ignited  caustic  alkali  is 
saturated  with  an  acid,  and  the  entire  neutral 
salt  thence  resulting  is  ignited  and  weighed, 
it  is  obvious  that  if  the  caustic  alkali  employed 
be  considered  as  mere  alkali , the  proportion  of 
alkali  in  the  neutral  salt  will  be  much  over- 
rated, and  therefore  the  quantity  of  acid  re- 
quired to  saturate  J00  parts  of  the  alkali  will 
be  estimated  much  lower  than  the  truth. 

This  anomaly  was  very  accurately  stated  and 
3 An.  Chim.  tom.  08. 


its  real  cause  suggested  by  M.  Darcet,  in  a 
Memoir  read  at  the  French  Institute,  January, 
1808.  a The  experiments  of  this  eminent 
chemist  are  (in  a few  words)  the  following  : — . 
Some  very  pure  subcarbonat  of  soda  was  pre- 
pared and  saturated  with  a dilute  sulphuric 
acid,  containing  exactly  a tenth  part  of  a pure 
concentrated  sulphuric  acid  of  1.844  sp.  gr. 
This  subcarbonat  was  found  by  various  analyses 
to  consist  of  63.61  of  water  : 16.04  of  carbonic 
acid,  and  20.35  of  soda.  A hundred  grammes 
of  this  subcarbonat  were  exactly  saturated  by 
347  grammes  of  the  dilute  sulphuric  acid, 
equal  to  34.7  of  the  concentrated  acid  ; which 
wmuld  give  170.515  of  the  concentrated  acid 
to  saturate  100.  of  the  mere  soda  in  the  state 
in  which  it  exists  in  the  carbonat.  On  the 
other  hand  100.  grammes  of  caustic  soda  pre- 
pared by  alcohol  and  fused  in  a silver  vessel  at 
a red  heat,  saturated  only  119.6  grammes  of 
the  sulphuric  acid  in  one  experiment,  and  122.4 
in  another,  making  a difference  of  about  50 
grammes  of  acid  in  the  estimated  quantity  in 
the  two  cases.  Hence  it  must  follow  that  the 
soda  prepared  by  alcohol  contains  only  71  to 
72  per  cent,  of  real  alkali  in  that  state  in  which 
it  exists  in  the  carbonat,  both  salts  being  equally 
ignited,  and  therefore  that  which  has  usually 
been  considered  as  pure  soda,  is  properly  Hy- 
(trat  of  Soda , consisting  of  about  72  of  pure 
soda  and  28’ of  water. 

The  next  experiments  on  this  subject  which 
we  shall  mention  are  those  of  M.  Berthollet.1’ 
This  eminent  philosopher  in  his  Researches  on 
the  Laws  of  Chemical  Affinity,  has  taken  much 
pains  to  determine  the  respective  quantities  of 
most  of  the  acids  and  bases  that  saturate  each 
other,  and  in  this  enquiry  the  composition  of 
sulphat  of  barytes  came  under  particular  consi- 
deration, as  it  is  a salt  very  commonly  obtained 
in  analytical  experiments,  and  its  insolubility 
renders  it  a very  convenient  basis  of  calculation. 

It  would  appear  at  first  to  be  a problem  of 
no  great  difficulty  to  determine  the  elements  of 
this  salt,  and  yet  the  calculations  of  equally 
skilful  and  accurate  chemists  varied  as  much 
as  to  give  a difference  of  from  67  to  75  per 
cent,  in  the  proportion  of  acid,  which  is  much 
too  great  to  be  accounted  for  from  any  of  the 
common  inaccuracies  in  chemical  experiment. 

On  further  examination  M.  Berthollet  found 
the  cause  of  this  difference  to  be  in  the  barytes 
used,  tie  and  M.  Thenard  employed  barytes 
crystallized  from  its  aqueous  solution,  evapo- 
rated to  dryness,  and  strongly  ignited.  M. 
k Mem.  dArcueil,  tom.  2.  p.  50 
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Berthier,  Richter,  Bucholz,  and  other  equally 
distinguished  chemists  used  the  barytes  pre- 
pared from  the  nitrat  of  barytes  by  a strong 
heat,  which  destroys  the  acid  and  leaves  the 
barytes  pure.  In  the  first  instance  the  barytes 
was  more  easily  fusible  than  the  other,  and 
when  cold  had  the  appearance  of  a semi-trans- 
parent glass.  The  barytes  from  the  nitrat  on 
the  other  hand  required  a much  greater  heat 
for  its  fusion,  and  in  melting  absorbed  a little 
carbonic  acid.  By  adding  a little  water  to 
this  barytes  it  became  in  every  respect  like  the 
other.  The  barytes  from  the  watery  solution 
of  this  earth,  was  also  strongly  heated  with 
iron  filings  in  a porcelain  retort,  and  gave  out 
a large  quantity  of  hydrogen.  From  these 
facts  the  author  shews  that  the  barytes  from 
the  aqueous  solution  is  a II if  that  of  Barytes, 
containing  about  10  per  cent,  of  water,  and  the 
purer  form  of  barytes  is  that  which  arises  trom 
the  calcination  of  the  nitrat. 

This  discovery  led  the  author  to  suspect  that 
potash  might  retain  water  when  heated  per  se, 
and  give  it  up  when  it  enters  into  saline  com- 
binations. The  principal  experiment  is  the 
following  : Some  potash  was  melted  in  a silver 
crucible  whose  weight  was  known,  and  kept  in 
fusion  till  it  exhaled  white  vapours,  when  the 
cover  was  lifted  off.  The  crucible  with  its 
contents  wras  weighed  when  cool,  and  15.73 
grammes  of  fused  alkali  were  found  to  be  con- 
tained in  it.  This  was  dissolved  in  muriatic 
acid,  and  the  whole  solution  with  the  washings 
was  carefully  evaporated  and  ignited  in  a pla- 
tina  crucible,  till  the  muriat  of  potash  was  in 
perfect  fusion.  When  cold,  the  muriat  of 
potash  weighed  20.335  grammes,  and  produced 
with  nitrat  of  silver  38.586  gr.  of  well  dried 
luna  cornea,  which  (reckoning  17.5  per  cent, 
of  muriatic  acid  in  luna  cornea)  indicated 
6.752  gr.  of  acid.  Consequently  the  20.335 
of  fused  muriat  of  potash  consisted  of  6.752 
of  muriatic  acid  and  13.583  of  potash;  but 
15.73  of  fused  caustic  potash  was  employed, 
and  hence  the  difference  between  15.73  and 
13.583  (2.147)  is  the  quantity  of  water  con- 
tained in  the  fused  caustic  potash,  which  gives 
the  proportion  of  13.64  of  water  in  100.  of 
fused  potash. 

The  existence  of  a large  quantity  of  water  of 
composition  in  fused  potash  is  also  shewn  by 
heating  the  alkali  strongly  with  iron  filings  in 
a porcelain  retort,  by  which  a prodigious  quan- 
tity of  hydrogen  gas  is  given  out. 

It  appears  however  that  though  fused  potash 


gives  up  a large  quantity  of  its  water  of  com- 
position when  neutralized  by  an  acid,  yet 
some  water  is  still  retained,  at  least  by  one  or 
other  of  the  component  parts  of  the  compound, 
for  most  saline  bodies  will  give  hydrogen  when 
heated  strongly  with  iron  filings. 

Messrs.  Gay-Lussac  and  Thenard, c have 
also  made  several  experiments  to  determine  the 
quantity  of  water  contained  in  fused  caustic 
alkali  prepared  with  alcohol.  A portion  of 
fused  potash  was  carefully  weighed  in  a closed 
vessel,  it  was  then  taken  out,  put  upon  a dish 
of  platina,  and  introduced  into  a large  glass 
globe  nearly  full  of  a measured  quantity  of 
carbonic  acid,  standing  over  mercury,  so  that 
the  alkali  did  not  touch  any  portion  of  the  glass. 
'1  he  alkali  was  then  heated  very  gradually, 
when  it  became  white  on  its  surface,  softened, 
rapidly  absorbed  the  carbonic  acid  gas,  and  in 
so  doing  such  a quantity  of  water  was  disen- 
gaged as  to  trickle  down  the  sides  of  the  glass 
globe.  The  heat  was  very  gradually  raised  to 
a cherry  red.  The  water  was  then  absorbed 
by  blotting  paper,  and  the  remaining  carbonic 
acid  gas  measured,  and  the  carbonat  of  potash 
weighed. 

A similar  experiment  was  performed  on  fused 
soda. 

The  results  of  these  were,  that  100  parts  of 
fused  potash  in  combining  with  carbonic  acid, 
give  up  13.596  parts  of  water  ; and  100  parts 
of  fused  sod  . give  up  22.166. 

The  next  experiment  was  to  combine  the 
alkali  with  silex  by  fusion,  forming  a glass. 
A given  weight  of  the  fused  alkali  and  ignited 
silex  were  put  into  a silver  crucible,  and  some 
water  added  to  promote  an  entire  mixture  of 
the  ingredients,  which  was  then  slowly  dried 
and  ignited  to  redness  for  an  hour.  The  result 
was  a perfect  glass,  which  was  weighed.  From 
this  experiment,  100.  parts  of  fused  potash 
were  found  to  contain  18.45  of  water  of  com- 
position, and  100.  parts  of  fused  soda  contain 
26.15  of  water. 

The  third  experiment  was  the  following : 
A certain  weight  of  fused  potash  and  of  fused 
soda  were  saturated  with  sulphuric  acid  and' 
the  quantity  noted.  On  the  other  hand  known 
quantities  of  potassium  and  sodium  were  ex- 
posed to  a moist  air  in  long  narrow  vessels, 
till  they  were  converted  into  their  respective 
alkalies,  which  were  then  saturated  with  the 
same  sulphuric  acid  as  that  employed  before. 
Hence  supposing  the  alkali  produced  from  the 
potassium  and  sodium  to  be  pure,  and  free 
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from  water  of  composition,  and  knowing  the 
quantity  of  alkali  produced  by  the  alkaline 
basis,  it  was  easy  to  compare  the  saturating 
powers  of  these  alkalies  with  those  of  the  fused 
potash  and  soda  prepared  by  alcohol.  From 
these  data  100  parts  of  fused  potash  prepared 
by  alcohol  contain  20.72  of  water  of  compo- 
sition : and  100  parts  of  fused  soda  contain 
23.S9  of  water. 

The  authors  take  as  a mean  from  these  ex- 
periments (rejecting  the  first  as  far  as  regards 
the  potash  as  being  imperfect!  that  caustic 
potash,  prepared  in  the  common  way  by  alco- 
hol, and  fused  at  a red  heat,  contains  a fifth 
of  its  weight  of  water ; and  fused  soda  a 
fourth. 

We  may  observe  however  that  these  results 
differ  much  too  widely  to  be  a fair  subject 
for  taking  an  average,  except  in  a very  general 
way.  Perhaps,  too,  it  is  impossible  to  fix 
precisely  the  quantity  of  water  contained  in 
the  fused  caustic  alkali,  as  this  may  vary  ac- 
cording to  the  heat  employed  and  other  cir- 
cumstances. It  shews  however  that  this  form 
of  alkali  is  certainly  a Iljdrat,  or  one  that 
contains  a notable  quantity  of  water  of  com- 
position, and  also  that  no  great  dependance  is 
to  be  placed  on  the  accuracy  of  any  calculation 
on  the  proportions  of  the  alkaline  neutral  salts, 
which  is  founded  on  the  quantities  of  the 
Hydrated  Alkali  employed. 

ALKALINE  BASIS.  Potassium.  Sodium. 

One  of  the  most  interesting  discoveries  of 
modern  chemistry  is  the  decomposition  of  the 
fixed  alkalies  which  had  often  been  conjectured 
to  be  of  a compound  nature,  but  no  evidence  of 
the  truth  of  this  opinion  had  ever  been  given 
till  Sir  H.  Davy  applied  to  this  enquiry  the 
astonishing  powers  of  electro-chemical  agency. 
The  researches  which  he  had  made  on  the  de- 
composition of  acids  and  neutral  salts  by  gal- 
vanic electricity  were  full  of  new  and  most  in- 
teresting results,  they  pointed  out  a mode  of 
chemical  analysis  far  more  powerful  than  any 
that  had  been  hitherto  undertaken,  and  the  ad- 
mirable skill  in  contriving  experiments,  and 
sagacity  in  deducing  from  them  the  general  laws 
of  chemical  decomposition,  enabled  him  to 
make  the  brilliant  discovery  which  is  the  sub- 
ject of  this  article.  He  conjectured  that  if  a 
freed  alkali  was  an  oxyd  of  some  unknown 
base,  it  was  probable  that  when  it  was  subjected 
to  the  action  of  opposite  electricities,  the  oxy- 
gen of  the  alkali  would  be  conveyed  to  the 


positive  pole,  whilst  the  inflammable  base  would 
appear  iu  a separate  state  at  the  negative  pole. 

Some  difficulties  ar.  se  at  first  in  selecting  a 
proper  mode  of  conducting  the  experiment. 
When  a solution  of  the  alkali  was  used,  the 
electric  power  was  expended  chiefly  in  the  de- 
composition of  the  water  present ; and  on  the 
other  hand,  when  the  alkali  was  dry  and  fused 
at  the  time  of  applying  the  electric  power,  it 
was  indeed  decomposed,  but  the  basis  instantlv 
burnt  with  a most  intense  light  and  flame,  and 
could  not  be  collected.  The  great  difficulty  in 
the  experiment  was  that  the  alkali,  when  dried 
and  fused,  is  a non-conductor  of  electricity  •, 
but  it  was  found  that  slightly  moistening  the 
surface  renders  it  a conductor,  and  in  this  state 
it  readily  fuses  and  is  decomposed  by  strong 
electrical  powers. 

The  basis  of  potash  was  thus  discovered.  1 
A small  piece  of  potash  which  had  been  ex- 
posed for  a few  seconds  to  the  atmosphere,  so  as 
to  give  conducting  powers  to  the  surface,  was 
placed  upon  an  insulated  disk  of  platina,  con- 
nected with  the  negative  side  of  the  galvanic 
battery  in  intense  activity,  and  a platina  wire 
communicating  with  the  positive  side  was 
brought  into  contact  with  the  upper  surface  of 
the  alkali.  A vivid  action  soon  took  place.  The 
potash  began  to  fuse  at  both  points  of  con- 
tact ; there  was  a violent  effervescence  at  the 
positive  surface,  and  at  the  negative  there 
was  no  liberation  of  elastic  fluid,  but  small  glo- 
bules having  a high  metallic  lustre,  exactly 
resembling  quicksilver  in  appearance,  were 
formed,  some  of  which  immediately  after  burnt 
with  explosion  and  bright  flame,  while  others 
remained  being  first  tarnished,  and  finally 
covered  by  a white  film  on  their  surfaces.  The 
gas  liberated  at  the  positive  surface  was  found 
to  be  pure  oxygen,  and  the  globules  were  found 
by  numerous  experiments  to  be  a peculiar  in- 
flammable principle,  the  Basis  of  Potash.  The 
platina  was  in  no  way  connected  with  the  result 
except  as  a medium  for  the  electric  power,  for 
the  same  effects  were  produced  by  substituting 
copper,  gold,  plumbago  or  charcoal. 

Soda  when  acted  on  in  the  same  manner 
gave  a similar  result,  but  it  required  a greater 
intensity  of  galvanic  action  to  produce  the 
Basis  of  Soda  With  a good  battery  of  100 
6-inch  plates,  the  Basis  of  Potash  could  be  ob- 
tained from  pieces  of  the  alkali  weighing  40  or 
50  grains,,  which  made  the  distance  between 
the  opposite  wires  nearly  J of  an  inch  ; hut 
with  the  same  galvanic  power,  pieces  of  soda 
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not  exceeding  15  or  20  grains  could  be  used, 
making  the  distance  between  the  electric  poles 
not  more  than  f or  TV  of  an  inch. 

The  Basis  of  Potash  has  been  named  by  the 
discoverer  Potassium,  and  ihe  Basis  of  Soda, 
Sodium,  which  term  has  been  universally  a- 
dopted. 

The  principal  properties  of  Potassium  dis- 
covered by  Sir  H.  Davy  in  his  first  series  of 
experiments,  are  the  following. 

When  exposed  to  the  air  a white  crust  ra- 
pidly collects  on  the  surface,  tarnishing  its 
metallic  lustre,  and  this  continues  to  be  pro- 
duced till  the  whole  is  converted  to  this  white 
crust,  which  is  found  to  be  pure  potash.  When 
globules  of  Potassium  are  confined  in  common 
air,  or  especially  in  oxygen,  at  a common  tem- 
perature, the  same  crust  is  formed,  but  not 
being  removed  by  deliquescence,  the  process  is 
stopped,  the  interior  part  of  the  globule  being 
protected  by  the  crust  of  regenerated  alkali 
from  further  change.  But  when  the  tempera- 
ture is  raised  highly,  a rapid  and  brilliant  com- 
bustion takes  place,  and  the  whole  is  changed 
to  solid  dry  potash.  Oxygen  gas  alone  is  ab- 
sorbed in  this  change,  the  azotic  admixture 
being  in  no  degree  affected,  and  the  weight  of 
the  potash  considerably  exceeds  that  of  the 
potassium  decomposed. 

Potassium  is  a soft  and  malleable  solid  of  the 
lustre  of  polished  silver  at  50°  Fahr,"  at  3 2®  it 
it  is  hard,  brittle,  and  exhibits  in  its  fractured 
surface  beautiful  facets  of  a perfect  metallic 
whiteness.  At  60°  it  begins  to  soften  and  be- 
come pasty,  and  at  100’  it  is  perfectly  fluid,  so 
that  the  globules  Mull  run  together.  At  a red 
heat  it  is  converted  into  vapour,  but  in  close 
vessels  it  condenses  unaltered  on  cooling. 

It  is  a very  perfect  conductor  both  of  heat 
and  electricity. 

One  of  the  most  remarkable  circumstances 
relating  to  potassium  is  its  very  great  levity. 
Though  resembling  the  metals  in  outward  ap- 
pearance, in  opacity  and  lustre,  it  is  not  only 
lighter  than  any  of  them,  but  even  than  water, 
ether,  naphtha,  or  almost  any- known  fluid.  The 
exact  determination  of  its  specific  gravity  is  at- 
tended with  difficulty,  but  Sir  H.  Davy  esti- 
mates it  at  about  0.6  (water  being  1.) 

The  action  of  water  upon  potassium  is  very 
striking.  When  a globule  of  it  is  touched  with 
a drop  of  water,  it  instantly  burns  with  a bright 
flame  and  a solution  of  potash  is  left.  If  this 
simple  experiment  be  performed  on  paper  tinged 
yellow  with  turmeric,  the  spot  where  the  com- 
bustion and  generation  of  alkali  takes  place  is 
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strongly  marked  by  a deep  brick- red  stain. 
When  potassium  is  decomposed  by  water  in 
close  vessels,  a gas  is  found  among  the  pro- 
ducts, which  is  pure  hydrogen.  So  strong 
is  the  affinity  of  potassium  for  oxygen,  that 
it  decomposes  water  wherever  it  exists,  and 
thus  discovers  the  watery  admixture  in  the 
purest  alcohol  and  ether,  in  both  of  which  the 
potassium  produces  potash  and  hydrogen  gas. 

In  tire  liquid  acids  potassium  is  immediately 
decomposed.  In  the  sulphuric  it  produces  at 
once  a white  salt  (probably  sulphat  of  potash) 
with  a yellow  coating,  which  appears  to  be 
sulphur.  In  the  nitric  and  muriatic  acids  it 
produces  nitrat  and  muriat  of  potash. 

As  potassium  cannot  exist  for  a moment  un- 
altered in  water  or  any  fluid  containing  water, 
nor  for  any  length  of  time  in  air,  it  was  a mat- 
ter of  difficulty  to  find  some  mode  of  preserving 
it.  It  was  found  however  that  naphtha  recently 
distilled  will  preserve  it  unchanged  for  a suf- 
ficient length  of  time,  though  even  in  this  fluid 
it  gradually  oxydates  and  forms  a kind  of  pot- 
ash soap  with  the  naphtha,  that  collects  round 
the  globule  and  prevents  it  from  floating  in  this 
fluid.  It  also  slowly  forms  an  alkaline  soap 
when  confined  in  any  of  the  oils. 

Potassium  unites  with  many  of  the  metals 
with  great  ease,  forming  very  peculiar  alloys. 
It  amalgamates  readily  with  mercury  and  re- 
markably reduces  its  fluidity ; for  when  united 
with  30  times  its  weight  of  mercury,  the  alloy 
is  hard  and  brittle.  The  fluid  amalgam  dissolves 
alb  the  metals,  forming  a triple  alloy  of  mer- 
cury, potassium  and  the  other  metal  employed. 
When  the  amalgam  is  thrown  into  water,  a 
hissing  noise  is  produced,  hydrogen  gas  is-’ given 
out,  potash  is  generated,  and  the  mercury  re- 
turns unaltered  to  its -original  state. 

Potassium  will  equally  well  unite  with  gold, 
silver  and  copper,  and  it  is  equally  separable 
from  these  alloys  by  mere  moisture,  which  re- 
generates the  alkali. 

Potassium  readily  reduces  many  of  the  me- 
tallic oxyds,  and  when  in  excess  it  unites  with 
the  metal  thus  reduced. 

It  decomposes  the  metallic  oxyds  in  flint-glass 
and  green-glass  at  a low  red-heat;  but  it  also 
gradually  changes  perfectly  unmetallic  glass 
when  heated  in  such  vessels,  slowly  alkalizing 
itself  and  corroding  the  glass. 

These  are  the  principal  properties  of  this 
singular  substance  as  given  by  the  illustrious 
discoverer  in  his  first  memoir  on  the  subject, 
by  which  it  appears  that  potassium  has  by  far 
the  strongest  affinity  for  oxygen  of  any  hitherto) 
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known  substance,  and  this  renders  it  a most 
valuable  reagent  for  a variety  of  interesting- 
chemical  decompositions. 

Before  we  proceed  with  the  other  properties 
of  potassium  we  shall  describe  another  method 
of  procuring  this  substance  without  the  assist- 
ance of  any  galvanic  apparatus,  and  in  much 
larger  quantity.  This  method  was  found  cut 
by  Messrs.  Gay  Lussac  and  Thenard,  soon 
after  Mr.  Davy’s  original  discovery  of  potassium, 
and  is  described  by  them  with  much  minute- 
ness. k It  consists  in  heating  iron  filings  to 
great  intensity  in  an  iron  gun-barrel,  and  then 
passing  melted  potash  through  them.  The 
potash  is  decomposed,  a large  quantity  of  hy- 
drogen gas  is  given  out,  and  the  potassium  is 
condensed  at  the  further  extremity  of  the  ap- 
paratus* As  this,  though  not  very  compli- 
cated, requires  a good,  many  precautions,  we 
shall  give  the  original  process  with  minute- 
ness* 

The  materials.  Iron  turnings  are  preferable 
to  iron  wire  or  nails,  as  they  present  a consider- 
able surface  and  yet  allow  the  alkali  to  pass 
freely  through  them.  They  should  be  broken 
down  in  a mortar,  and  any  adhering  oxyd  sifted 
away.  The  choice  of  the  alkali  is  not  a matter 
of  indifference.  The  common  potash  or  pearl- 
ash  always  contains  a small  portion  of  soda, 
and  hence  the  caustic  potash  prepared  from  it 
is  mixed  with  a little  soda,  which  causes  an 
alloy  of  a small  quantity  of  sodium  with  the 
potassium  obtained.  Therefore  in  delicate  ex- 
periments of  research  the  potash  should  be 
prepared  from  pure  crystallized  nitre  and  cream 
of  tartar  ignited  together,  or  from  calcined 
cream  of  tartar  alone,  which  gives  the  purest 
potash  known.  The  alkali  should  be  made 
caustic  with  lime  in  the  way  mentioned  under 
the  article  potash , (Ch.  Diet.)  and  indeed  the 
extraction  of  the  alkali  by  alcohol  is  hardly 
required,  but  it  should  be  kept  at  a red  heat  for 
some  time  just  before  being  used,  as  the  pre- 
sence of  much  moisture  defeats  the  object  of 
decomposition  of  the  alkali. 

The  apparatus  consists  of  a gun-barrel  A.B. 
C.  (see  plate,  fig.  1 and  2.)  which  should  be 
well  cleaned  within  and  then  bent  in  two 
directions  by  being  heated  red  hot  at  the  parts 
required.  The  middle  of  the  barrel  B.C.  which 
is  enclosed  in  the  furnace,  must  be  well  covered 
with  a very  refractory  lute,  as  it  is  to  undergo 
a very  intense  heat  for  a considerable  time, 
which  would  soon  oxydate  and  destroy  the 
barrel  without  such  protection.  The  best  lute 


is  a mixture  of  pipe  clay  (or  Windsor  loam) 
beat  up  with  a little  water,  and  incorporated 
with  as  much  sand  as  possible  so  as  to  make  it 
difficult  to  apply.  The  only  part  to  be  luted 
is  that  which  lies  across  the  furnace,  and  to 
this  the  lute  is  to  be  applied  in  three  or  four 
successive  thin  coatings,  and  dried  with  great 
care,  first  for  a few  days  in  the  shade,  and 
then  with  a gradual  heat,  filling  up  any  little 
cracks  in  it  by  some  fresh  lute.  The  gun- 
barrel  is  then  filled  with  the  iron  turnings,  as 
far  as  from  B.  to  C.  and  is  then  firmly  fixed  in 
the  furnace,  and  afterwards  the  fragments  of 
recently  heated  potash  are  put  in,  without 
being  much  pressed,  so  as  to  reach  not  quite  to 
B.  and  up  to  a few  inches  below  A.  This 
requires  generally  about  ounces  troy,  more 
or  less.  As  much  gas  always  issues  through 
the  other  extremity  D,  to  prevent  any  mis- 
chief or  loss  of  potassium  when  accidentally 
stopped  up,  it  is  of  use  to  adopt  a bent  glass 
tube  to  the  upper  end  of  the  barrel  A.  which 
dips  under  mercury  M.  as  seen  in  the  plate,  fig.  I. 
and  allows  of  the  reflux  of  any  gas  from  the 
barrel  if  necessary. 

The  apparatus  being  then  put  up,  a fire  is 
lit  in  the  furnace,  and  the  bellows  applied  at 
first  very  gradually,  to  prevent  the  lute  from 
cracking.  The  recipient  G.  H.  is  formed  by 
two  copper  tubes  fitted  to  each  other  by 
grinding,  the  uppermost  of  them  receiving  the 
end  D.  of  the  gun-barrel.  A glass  tube  F.  fits 
into  the  lower  half  of  the  recipient  and  dips 
into  mercury.  The  recipient  is  luted  on  to  * 
the  gun-barrel  by  the  same  fire-lute.  When 
the  fire  is  well  kindled  the  bellows  are  to  be 
used  vigorously,  and  the  heat  raised  to  a very 
high  degree  at  the  same  time  that  the  ends  of 
the  barrel  that  project  beyond  the  fire  above 
and  below,  are  kept  cool  by  wetted  cloths. 
When  the  fire  has  been  raised  to  its  utmost 
for  some  time,  the  wet  cloths  are  removed 
only  from  the  upper  end  of  the  barrel  that 
contains  the  potash,  and  instead  of  it  either  a 
small  furnace,  or  chafing  dish  or  hanging 
trough  of  iron,  E.  filled  with  hot  charcoal, 
is  to  be  applied  so  as  to  cover  the  lower 
part  of  that  portion  of  the  barrel  that  con- 
tains the  potash,  and  to  melt  the  alkali,  which 
requires  a moderate  red  heat.  The  melted 
alkali  then  falls  down  -into  the  lower  part 
of  the  barrel,  which  is  intensely  heated,  and 
passes  in  the  form  of  vapour  through  the  iron 
turnings.  At  first  the  water  which  the  alkali 
contains  in  abundance  (though  previously  fused) 
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decomposes  upon  the  iron  turnings,  and  much 
turbid  hydrogen  gas  comes  over.  At  the  same 
time  however  the  potassium  is  produced  and  is 
a-lso  vaporized  within  the  furnace,  but  imme- 
diately condenses,  partly  in  the  extremity  of 
the  barrel,  D.  and  partly  in  the  copper  recipient, 
all  of  which  are,  as  before,  kept  cool  by  wetted 
cloths.  When  the  efflux  of  gas  begins  to 
slacken,,  an  additional  portion  of  potash  is  sent 
down,  by  shifting  the  hanging  trough  of  char- 
coal a little  higher,  and  so  on  till  the  whole 
has  been  heated  almost  to  the  extremity  A. 
It  is  of  importance  not  to  send  over  too  much 
alkali  at  once,  as  this  would  damp  the  heat  of 
the  iron  turnings,  and  lessen  the  product  of 
potassium,  and  this  too  is  one  reason  why  the 
potash  is  put  in.  in  large  pieces.  It  is  a sign 
that  the  operation  is  going  on  well  when  the 
product  of  hydrogen  at  the  lower  extremity 
is  pretty  steady  and  abundant,  but  not  very 
cloudy.  The  distillation  is  terminated  when 
all  the  alkali  has  been  successively  melted  down, 
which  takes  about  an  hour  from  the  time 
that  the  gun-barrel  is  first  made  white-hot, 
and  it  then  only  remains  to  collect  the  product, 
which  requires  a little  dexterity  and  caution. 

The  potassium  being  volatile  condenses  for 
the  most  part  in  the  end  of  the  barrel  at  D. 
and  thence  falls  down  into  the  copper  recipient 
G.  II.  where  it  solidifies.  To  collect  it, 
remove  the  barrel  when  the  distillation  is  over, 
stop  the  upper  end  A.  with  a little  lute,  and 
hasten  the  cooling  of  the  barrel  by  stripping 
off  the  lute  and  wetting  the  outside,  then  pull 
olF  the  copper  recipient  (immediately  stopping 
the  end  D.  of  the  gun-barrel  that'is  thus  ex- 
posed) separate  it  into  its  two  parts,  pour  into 
each  a little  naphtha,  and  detach  all  the  potas- 
sium with  a knife,  throwing  it  into  a bottle  of 
naphtha  as  soon  as  separated.  As  some  of  the 
potassium  remains  in  the  end  of  the  gun-barrel 
nearest  to  the  recipient,  it  is  the  best  way  to 
cut  off  that  end  with  a file,  (as  the  barrel  will 
never  serve  for  a second  operation)  and  to 
push  out  all  the  potassium  into  oil  with  a solid 
mould  made  for  the  purpose.  This  is  generally 
mixed  with  a little  potash  from  which  it  may 
be  freed  by  melting  in  oil  and  pressing  the  whole. 

The  product  of  two  experiments  is  given  by 
the  authors,  in  which  it  appears,  that  in  one, 
70  grammes  (about  18  drams  troy)  of  potash 
was  employed  of  which  nearly  -fths  was  re- 
covered undecomposed  from  the  iron  turnings, 
and  the  product  of  potassium  was  15.5  grammes 
(231  grains  troy.)  In  the  other  experiment 


81.  gramme^  of  potash  were  used,  and  the 
product  of  potassium  was  20.  2 grammes  or 
nearly  a third  more  than  in  -the  former  case. 

Sometimes  the  efflux  of  hydrogen  gas  from 
the  lower  part  of  the  barrel  ceases  suddenly, 
and  appears  at  the  upper  extremity.  This 
may  be  owing  to  the  stoppage  of  the  end  D. 
by  a collection  of  condensed  potash,  when  the 
fire  has  not  been  kept  hot  enough  or  when  the 
alkali  has  been  sent  down  too  fast.  This  may 
sometimes  be  removed  by  heating  the  tube 
with  charcoal  on  the  outside,  and  melting  away 
the  obstruction.  But  if  no  gas  is  sent  out 
from  either  end,  it  generally  shews  that  the 
barrel  has  partly  fused  down  owing  to  some 
imperfection  in  the  lute,  in  which  case  the 
process  must  be  discontinued  and  renewed 
afterwards  either  with  a fresh  barrel  or  better 
luting.  If  a very  large  barrel  is  used,  a fresh 
charge  of  potash  may  be  thrown  into  the  upper 
part,  and  the  process  kept  up  for  an  additional 
time  provided  enough  of  iron  turnings  are 
introduced  at  first. 

After  the  operation,  if  the  gun-barrel  is 
divided  in  different  parts  where  it  has  been 
exposed  to  the  furnace,  it  is  found  to  contain 
a very  hard  agglutinated  mass  of  alkali,  oxyd 
of  iron,  alloy  of  iron  and  potassium,  and  un- 
altered iron  turnings,  which  require  consider- 
able digestion  in  water  to  dissolve  out  the 
alkali.  The  quantity  of  alkali  recovered  from 
the  iron,  is  full  half  of  what  has  been  used, 
and  yet  a large  portion  of  the  iron  turnings 
retain  their  metallic  appearance  and  their  form, 
so  that  there  is  probably  much  loss  of  potassium 
by  its  alloy  with  part  of  the  iron,  which  returns 
to  the  state  of  potash  when  moistened. 

It  may  be  of  some  assistance  to  the  chemical 
operator  to  give  Dr.  Henry’s  very  clear  direc- 
tions for  preparing  potassium,  according  to  a 
process  just  described,  but  with  some  little 
variation  in  the  apparatus. c 

The  apparatus  consists  of  a common  gun- 
barrel,  curved  and  drawn  out  at  one  end  to 
rather  a small  diameter,  (see  plate,  fig.  3). 
To  one  end 'is  adapted  an  iron  tube  «.(with 
an  iron  stopper)  of  the  capacity  of  two  cubic 
inches,  for  containing  the  potash.  At  the 
bottom  of  this  tube  is  a small  hole  h through 
which  the  potash  gradually  flows.  This  tube- 
is  shewn  separately  in  fig.  4.  To  the  opposite 
end  of  the  gun-barrel  a tube  of  safety  e is  to 
be  cemented  ; and  into  this  a sufficient  quantity 
poured  either  of  mercury  or  naphtha.  Into  the 
gun-barrel  2-|  parts  of  very  clean  iron  turnings 
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are  to  be  introduced  and  pushed  on  to  the  bent 
part  c.  The  tube,  carefully  luted  is  then  to 
be  placed  in  a small  furnace,  nine  or  ten  inches 
in  diameter,  and  provided  with  a pair  of  double 
blast  bellows,  the  pipe  from  which  is  shown 
at  f.  The  next  step  is  to  insert  the  tube  a in 
its  place,  after  having  put  into  it  1|  parts  of 
pure  potash  recently  fused.  The  whole  ap- 
paratus should  be  perfectly  clean,  dry,  and 
impervious  to  air.  A strong  heat  is  now 
to  be  excited  in  the  furnace,  and  while  this 
is  doing,  the  tube  containing  the  potash  as 
well  as  the  opposite  end  of  the  barrel  should 
be  kept  cool  by  ice.  When  the  barrel  has 
attained  a white  heat  the  potash  in  a may  be 
melted  by  a small  portable  furnace.  It  will 
then  flow  by  the  small  hole  upon  the  iron 
turnings.  Much  hydrogen  gas  will  be  evolved, 
and  when  this  slackens  we  may  remove  the 
small  furnace  from  beneath  the  tube  a and  in- 
crease the  heat  in  the  furnace  c/,  in  order  to 
restore  to  the  iron  turnings  at  c,  the  tempe- 
rature proper  for  decomposing  more  potash. 
These  operations  may  be  repeated  alternately 
till  no  more  gas  is  produced,  but  last  of  all  the 
heat  in  the  furnace  should  be  strongly  raised 
to  drive  off  some  of  the  potassium  that  adheres 
strongly  to  the  iron  turnings. 

When  the  furnace  is  quite  cold,  the  safety- 
tube  e is  to  be  removed,  and  its  place  supplied 
by  an  iron  plug.  If  the  end  of  the  gun-barrel 
projecting  from  this  side  of  the  furnace  has 
been  kept  carefully  cooled  during  the  experi- 
ment the  metal  will  be  found  adhering  to  it  in 
the  form  of  brilliant  laminae.  In  order  to  ex- 
tract it,  the  gun-barrel  is  to  be  cut  off  at  the 
beginning  of  the  part  that  has  been  kept  cool, 
where  the  greatest  quantity  will  be  found. 
Another  portion  will  be  found  close  to  the 
plug,  and  this  adheres  so  slightly  to  the  gun- 
barrel  that  the  least  effort  serves  to  detach  it. 
It  is  even  partly  oxidated  by  the  air  that  enters 
on  cooling  the  furnace,  and  when  the  whole  is 
covered  with  naphTa  the  oxidized  part  is  de- 
tached in  laminae,  exposing  a white  and  bril- 
liant metallic  surface.  The  potassium  which 
is  condensed  neai'est  the  furnace  must  be  sepa- 
rated by  a sharp  ehissel  in  the  largest  pieces 
we  can  possibly  break  off.  In  the  middle  of 
the  gun-harrel  we  shall  find  an  alloy  of  potas- 
sium and  iron  which  becomes  green  on  expo- 
sure to  the  air,  the  potassium  returning  to  the 
state  of  potash. 

The  potassium  prepared  in  this  way  if  the 
alkali  is  pure  hardly  differs  from  that  obtained 
• Recherches. 


by  galvanic  electricity,  except  that  its  specific 
gravity  is  somewhat  higher,  being  to  that  of 
water  as  796.  to  1000. 

Having  already  described  the  leading  proper- 
ties of  potassium  as  first  observed  by  Sir  H. 
Davy,  we  shall  proceed  to  give  an  abstract  of 
a very  long  and  minute  series  of  experiments 
on  the  same  subject  carried  on  by  Messrs.  Gay 
Lussac,  and  Thenard,3  most  of  which  furnish 
results  very  nearly  similar  to  those  of  the  emi- 
nent discoverer  of  the  alkaline  metals,  but  others 
are  different  and  throw  new  light  on  the  nature 
of  these  curious  bodies. 

Action  of  Water  on  Potassium.  When  a 
little  water  is  confined  in  a jar  over  mercury, 
and  a portion  of  potassium  is  passed  up  (en- 
closed in  paper)  the  potassium  swims  on  the 
water,  moves  about  and  lessens  rapidly,  and 
soon  disappears,  leaving  the  water  very  alka- 
line, and  a considerable  quantity  of  hydrogen 
gas  is  produced.  When  this  experiment  is  per- 
formed, merely  by  throwing  some  pieces  of 
potassium  on  water  they  soon  become  red  hot 
while  decomposing  on  its  surface,  which  forms 
an  amusing  experiment.  To  determine  the 
exact  proportion  of  hydrogen  produced  by  the 
conversion  of  potassium  into  potash  by  means 
of  water,  a small  iron  tube  was  filled  with 
2.213  grammes  of  potassium,  and  covered  with 
a glass  plate,  and  thus  introduced  under  a bell- 
glass  full  of  water.  The  decomposition  took 
place  with  great  rapidity,  and,  when  complete, 
the  hydrogen  was  measured  and  found  to  be 
0.666  litre  at  15°  centigrade  therm,  and  0.74.33® 
metre  bar.  The  experiment  was  repeated  with 
the  same  result,  whence  it  follows  that  100 
parts  by  weight  of  potassium  absorb  19  913 
parts  of  oxygen  to  pass  to  the  state  of  potash ; 
and  hence  100.  parts  of  potash  consist  of  83.371 
of  potassium,  and  16.629  of  oxygen.  These 
proportions  closely  correspond  with  those  given 
by  Davy  and  Berzelius." 

Messrs.  Gay  Lussac,  and  Thenard  give  a sim- 
ple method  of  dividing  potassium  into  equal  por- 
tions without  the  trouble  and  loss  attending  the 
processof  weighing  this  decomposable  substance, 
namely,  by  compressing  it  into  a cavity  made  in  a 
small  block  of  brass,  on  which  another  block 
exactly  fits  so  as  to  exclude  every  atom  of  po- 
tassium except  that  which  fills  the  cavity.  The 
quantity  of  hydrogen  given  by  this  portion  of 
potassium  in  ten  different  experiments  varied 
only  from  78.5  to  79.4  measures,  and  hence 
assuming  79.  as  the  average,  and  comparing 
this  result  with  the  former  above  mentioned 
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(in  which  2.213  grammes  of  potassium  gave 
.666  litre  of  hydrogen)  the  weight  of  the  por- 
tion of  potassium  filling  the  cavity  in  the  brass 
was  pretty  exactly  estimated  at  0.0212  gramme. 
This  quantity  was  therefore  the  standard  of  all 
the  subsequent  experiments. 

Potassium  and  Oxygen.  If  potassium  is 
confined  in  contact  with  oxygen  at  a common 
temperature  and  kept  at  rest  for  some  days,  it 
gradually  loses  its  metallic  appearance,  and  is 
converted  entirely  into  a grey  substance.  But  if 
the  temperature  is  a little  raised  or  the  surface  of 
the  metal  renewed,  it  takes  fire  and  the  com- 
bustion goes  on  rapidly. 

Oxyds  of  Potassium.  There  are  certainly 
two  distinct  oxyds  of  potassium,  and  probably 
three,  namely,  the  suboxyd,  the  alkali,  and  the 
peroxyd. 

The  suboxyd  is  a bluish-grey  very  brittle 
substance,  softer  than  wax,  easily  fusible,  so 
inflammable  as  to  take  fire  in  oxygen  or  even 
in  common  air  at  about  70°  Fahr.*  decompo- 
sable by  water  into  alkali,  and  giving  out  hy- 
drogen like  potassium  but  in  smaller  quantity. 
It  is  therefore  in  a lower  state  of  oxydation 
than  the  alkali.  This  suboxyd  is  produced  by 
confining  potassium  for  some  days  in  an  empty 
phial  closed  with  a cork,  the  pores  of  which 
admit  such  a very  gradual  supply  of  air  and 
moisture  as  suits  the  slow  and  inferior  state  of 
oxydation  required.  It  appears  however  doubt- 
ful whether  this  suboxyd  may  not  be  a mixture 
of  potassium  and  potash,  and  it  has  certainly 
not  been  obtained  sufficiently  uniform  to  allow 
of  its  precise  degree  of  oxydation  to  be  well 
ascertained.1 

The  second  oxyd  of  potassium  is  the  alkali 
itself,  the  composition  of  which  has  already 
been  mentioned.  This  oxyd,  the  alkali,  is  al- 
ways produced,  whenever  potassium  or  any  of 
its  oxyds  come  in  contact  with  water.  When 
produced  from  potassium  or  the  suboxyd  just 
described,  an  evolution  of  hydrogen  attends  the 
alkalization  of  the  metal,  owing  doubtless  to 
the  decomposition  of  water  : when  produced 
by  moistening  the  peroxyd,  the  generation  of 
the  alkali  is  attended  with  the  evolution  cf  that 
portion  of  oxygen  which  constitutes  the  differ- 
ence between  the  alkali  and  the  peroxyd,  but 
in  either  case  the  contact  of  water  and  of  potas- 
sium in  any  form  determines  the  formation  of 
the  alkali.  In  this  way  of  forming  the  alkali 
it  always  unites  with  that  portion  of  water  of 
composition  (amounting  to  about  18  per  cent.) 
which,  as  has  been  mentioned  in  the  beginning 


of  this  article,  is  inseparable  from  caustic  potash 
prepared  by  watery  solution,  even  when  it  has 
been  dried  by  fusion  in  a full  red  heat,  and 
constitutes  not  properly  pure  potash,  but  hydrat 
of  potash.  The  pure  potash  can  only  be  ob- 
tained by  heating  the  yellow  peroxyd  to  be  now 
described. 

The  orange-yellow  peroxyd  of  potassium  is 
prepared  immediately  by  igniting  potassium  in 
oxygen,  or  even  in  common  air.  The  discoveryof 
the  real  nature  of  this  oxyd,  and  of  its  contain- 
ing more  oxygen  than  the  alkali  does,  is  due  to 
the  eminent  French  chemists  already  mentioned. 
There  is  however  some  difficulty  in  performing 
the  combustion  accurately.  if  the  potassium 
is  burned  upon  glass  or  platina,  these  are  both 
attacked  by  the  oxyd  assisted  by  the  great  heat 
generated,  and  incorrect  results  follow.  A sup- 
port of  silver  answers  better,  though  with  some 
risk  of  its  fusion,  or  as  Sir  H.  Davy  recom- 
mends, the  potassium  may  be  laid  in  a small 
dish  of  platina,  coated  over  with  melted  muriat 
of  potash,  which  is  not  acted  on  by  potassium 
or  any  of  its  oxyds.  The  French  chemists  ob- 
serve that  much  of  the  inconvenience  of  a 
platina  support  may  be  avoided  by  using  potas- 
sium that  has  been  in  oil,  as  it  then  burns  at  a 
lower  temperature,  or  still  better  by  employ- 
ing the  suboxyd  which  inflames  spontaneously  in 
oxygen.  They  give  the  results  of  eight  different 
experiments  on  the  combustion  of  the  same 
quantity  of  potassium  in  a glass  vessel  full  of 
dry  oxygen  confined  over  mercury,  the  potas- 
sium being  laid  in  some  experiments  on  glass, 
in  others  on  platina,  in  others  on  silver.  The 
yellow  oxyd  thence  produced  was  then  thrown 
into  water,  by  which  it  passed  to  the  state  of 
alkali,  giving  out  all  its  excess  of  oxygen.  There 
is  so  little  agreement  in  these  experiments  as  to 
the  entire  quantity  of  oxygen  absorbed  by  the 
potassium,  that  the  composition  of  the  peroxyd 
cannot  be  deduced  from  them.  The  largest 
quantity  of  oxygen  absorbed  (which  is  obviously 
nearest  the  true  estimation)  was  pretty  exactly 
twice  as  much  as  that  portion  required  to  con- 
vert the  given  weight  of  potassium  imo  potash, 
and  the  experiments  were  so  far  satisfactory, 
that  after  the  yellow  oxyd  was  plunged  into 
water  and  had  parted  with  its  excess  of  oxygen, 
the  remainder  which  entered  into  the  constitu- 
tion of  the  alkali  was  nearly  the  same  in  each 
experiment.  This  peroxyd  is  fusible  at  a lower 
heat  than  hydrat  of  potash,  and  crystallizes  in 
laminae  by  cooling.  The  colour  is  yellow  when 
pure  but  brownish  when  mixed  with  oxyd  of 
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platina.  When  thrown  into  water  it  gives  out 
pure  oxygen  gas,  and  passes  to  the  state  of 
potash  as  before  mentioned.  When  it  is  heated 
very  strongly  upon  a platina  support  protected 
by  muriat  of  potash,  oxygen  gas  is  given  out,c 
and  there  remains  a grey  difficulty-fusible  sub- 
stance, vitreous  in  its  fracture  which  disssolves 
in  water  with  much  heat  but  without  any  ef- 
fervescence, and  renders  the  water  alkaline. 
This  grey  vitreous  substance  is  considered  by 
Sir  H.  Idavy  as  pure  potash,  free  from  water 
or  any  foreign  body,  and  it  is  the  only  known 
method  of  obtaining  quite  pure  uncombined 
potash. 

This  yellow  oxyd  lias  a very  striking  action 
on  all  combustible  bodies,  to  all  of  which  it 
affords  its  excess  of  oxygen  : in  doing  so  it 
returns  to  the  state  of  potash,  and  the  alkali 
thus  generated  often  unites  with  some  or  other 
of  the  products.  Some  particulars  of  these  ex.- 
periments  we  shall  mention/ 

Phosphorus  heated  with  the  peroxyd  in  an 
atmosphere  of  azoti.c  gas  produced  a very  vivid 
combustion,  so  as  to  redden  the  whole  of  the 
platina  capsule  in  which  it  was  contained.  The 
azote  was  unchanged.  Part  of  the  phosphorus 
was  burnt  and  part  only  volatilized.  The  pro- 
duct did  not  effervesce  with  water  and  with 
difficulty  dissolved  in  it,  though  the  salts  of  lime 
and  barytes  gave  considerable  precipitates.  The 
product  of  this  combustion  was  probably  sub- 
phosphat  of  potash. 

Sulphur  heated  in  like  manner  with  the  per- 
oxyd  gave  a compound  which  no  longer  effer- 
vesced with  water  (and  therefore  contained  no 
uncombined  oxygen)  and  smelt  of  liver  of  sul- 
phur, and  at  the  same  time  gave  a copious  pre- 
cipitate with  nitrat  of  barytes,  and  hence  con- 
tained a mixture  of  a little  sulphuret  of  potash 
with  much  sulphat. 

Charcoal  and  the  peroxyd  heated  together 
gave  carbonat  of  potash. 

The  following  metals,  namely,  tin,  arsenic, 
antimony,  zinc,  copper,  bismuth,  lead  and  iron, 
all  in  line  filings,  were  separately  heated  with 
the  peroxyd.  In  all  the  peroxyd  was  reduced 
to  the  state  of  potash  but  with  some  variation 
in  the  attending  circumstances.  With  the  tin, 
antimony,  and  arsenic,  there  was  a great  dis- 
engagement of  heat  and  light,  particularly  with 
the  former,  so  that  both  the  capsule  of  platina  on 
which  the  materials  were  plated  and  the  glass 
vessel  that  confined  them  were  made  red-hot. 
The  zinc  and  copper  were  but  feebly  ignited,  and 


the  bismuth,  lead  and  iron  not  at  all.  The  heat 
was  applied  in  all  these  cases  with  a spirit  lamp 
on  the  outside  of  the  glass  vessel.  By  putting 
the  product  in  water  all  the  metallic  oxyds 
were  obtained  except  those  soluble  in  the  alkali 
generated  in  the  experiment. 

The  peroxyd  and  potassium  heated  together 
in  the  same  way  produced  potash  with  much 
disengagement  of  light  and  heat. 

The  peroxyd  was  introduced  into  an  atmos- 
phere of  hydrogen  confined  by  mercury.  No- 
effect  was  produced  at  a.  common  temperature,, 
but  on  heating  it  a rapid  absorption  of  gas* 
took  place  with  abundance  of  moisture  which 
streamed  down  the  sides  of  the  vessel,  the  per- 
oxyd whitened  and  gradually  became  changed 
into  potash.  No  light  was  disengaged. 

Phosphuretted  and  sulphuretted  hydrogen 
heated  with  the  peroxyd  produced  in  like  man- 
ner water  and  potash,  and  sulphuret  and  phos- 
phuret  of  potash. 

With  ammoniacal  gas  and  the  peroxyd  the- 
products  were  water  and  azotic  gas. 

The  peroxyd  was  heated  with  muriatic  acid 
gas.  Much  of  the  gas  was  absorbed,  drops  of 
water  trickled  down  the  sides  of  the  vessel, 
oxygen  gas  was  given  out,  and  yellowish  white 
muriat  of  potash  was  formed,  but  no  oxymuri— 
atic  acid,  nor  was  any  light  produced. . 

With  carbonic  acid  gas  the  peroxyd  when 
heated  gave  out  oxygen  gas,  and  carbonat  of 
potash  was  produced  which  strongly  effervesced 
with  acids,  but  no  water  was  generated. 

The  peroxyd  was  heated  with  sulphureous 
acid  gas  and  the  experiment  was  conducted 
with  much  care.  The  gas  was  carefully  dried 
and  had  the  specific  gravity  of  2.2553  (com- 
mon air  being  1.)  the  quantity  of  it  as  well  as. 
that  of  the  peroxyd  of  potassium  was  weighed, . 
as  also  was  each  of  the  products  after  the  expe- 
riments. As  soon  as  the  heat  was  applied  a. 
brisk  inflammation  took  place  and  an  abundant 
absorption  of  gas.  Sulphat  of  potash  was 
formed,  and  a little  oxygon  gas,  but  not  a trace 
of  aqueous  vapour.  The  oxygen  was  then  se- 
parated from  the  undecomposed  sulphureous 
acid,  and  the  weights  of  the  two  gasses,  added 
to  that  of  the  sulphat  of  potash,  were  found  to 
equal  that  of  the  sulphureous  acid  gas  and  of 
the  peroxyd  of  potassium  employed. 

The  peroxyd  was  heated  in  nitrous  gas,  but 
without  any  particular  estimation  of  quantities. 
Much  absorption  took  place,  very  red  nitrous 
acid  gas  appeared,  and  a salt  was  melted  to  the 
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bottom  of  the  retort  which  was  nitrite  of  pot- 
ash. Nitrous  oxyd  produced  no  alteration 
whatever  on  the  peroxyd  of  potassium. 

The  peroxyd  may  be  made  by  heating  po- 
tassium either  in  oxygen  or  in  nitrous  gas 
or  in  nitrous  oxyd.  In  the  latter  cases,  the 
potassium  becomes  highly  oxydated  at  first, 
but  on  continuing  the  heat,  seems  to  return 
to  the  state  of  alkali,  and  nitrite  of  potash  is 
formed. 

The  French  chemists,  W'hose  experiments  we 
are  now  describing,  consider  the  peroxyd  of 
potassium  as  containing  three  times  as  much 
oxygen  as  th«  quantity  necessary  to  convert  po- 
tassium into  potash  ; so  that  if  potash  consists 
of  84.  parts  by  weight  of  potassium  to  16  of 
oxygen,  the  peroxyd  of  potassium  will  consist 
of  84  of  potassium  to  48  of  oxygen,  or  63.64 
per  cent,  of  potassium  and  -36.36  of  oxygen. 

Potassium  and  Hydrogen.  These  combine 
neither  at  a common  temperature  nor  at  a red- 
heat,  but  readily  at  an  intermediate  degree, 
such  as  is  produced  by  a spirit-lamp.  Potassium 
thus  heated  in  hydrogen  gas  absorbs  it  rapidly, 
but  gives  it  out  again  with  equal  ease  when 
the  proper  degree  of  heat  is  exceeded.  The 
actual  quantity  of  hydrogen  absorbed  seems  to 
vary  considerably,  but  on  an  average  it  appears 
to  be  about  a fourth  of  the  quantity  which 
would  be  produced  by  immersing  the  potassium 
in  water.  This  Hydruret  of  Potassium  is  grey, 
tinmetallic  in  appearance  and  infusible.  It  in- 
flames in  common  air  or  in  oxygen  oniv  when 
heated.  It  is  entirely  decomposed  into  hydro- 
gen and  potassium  when  heated  per  se  in  a 
■close  vessel,  and  when  in  contact  with  hot 
mercury  it  is  still  more  rapidly  destroyed,  the 
hydrogen  flying  off  and  the  potassium  amal- 
gamating with  the  mercury. 

Phosphorus  unites  readily  with  potassium. 
This  compound  is  made  by  introducing  the 
two  into  a glass  tube  filled  with  azotic  gas 
and  gently  warming  them.  But  little  light  is 
given  out.  The  phosphuret  of  potassium  has 
■an  unmetallic  appearance,  is  of  a chocolate 
colour,  and  when  thrown  into  water  produces 
phosphuretted  hydrogen  gas,  which  sometimes 
but  not  always  inflames. 

Sulphur  forms  a very  intimate  union  with 
potassium,  and  the  combination  takes  place 
with  much  more  heat  and  light  than  in  the 
phosphuret,  so  as  to  endanger  the  glass  vessel, 
unless  the  sulphur  and  potassium  are  placed 
upon  a platina  dish  within  the  tube,  which  last 
should  be  filled  with  azote.  This  sulphuret  is 
sometimes  yellow,  sometimes  red.  It  has  the 


smell  and  taste  of  rotten  eggs,  is  soluble  in 
water  without  the  production  of  any  gas,  but 
with  acids  it  is  readily  decomposed  with  evolu- 
tion of  sulphuretted  hydrogen  gas. 

When  potassium  is  melted  in  sulphuretted 
or  phosphuretted  hydrogen  gas,  a sulphuret  or 
phosphuret  of  potassium  is  formed,  and  the 
hydrogen  remains  pure. 

Alloys  of  Potassium  and  the  Metals. 
Potassium  very  readily  unites  with  many  of 
the  metals,  as  was  first  ascertained  by  Davy, 
and  indeed  this  circumstance  is  one  that  is 
brought  forward  as  an  argument  of  the  metal- 
lic nature  of  this  singular  substance.  Some  of 
these  alloys,  as  described  by  the  discoverer,  we 
have  already  mentioned  *,  the  following  experi- 
ments are  given  by  M.  M.  Gay  Lussac  and 
Thenard.  The  alloys  were  made  either  by 
heating  the  substances  in  a small  bent  glass 
tube  over  mercury  and  filled  with  azotic  gas, 
or  by  introducing  the  potassium  into  a small 
glass  tube  closed  at  one  end,  covering  it  with 
the  metal  in  powder,  then  drawing  out  the 
other  end  of  the  tube  over  a lamp  and  sealing 
it  hermetically,  and  finally  Uniting  the  metal 
and  potassium  by  a due  heat  over  lighted  char- 
coal. 

Potassium  2 measures,  lead  in  powder  8 mea- 
sures, gave  a solid  brittle  fusible  fine-grained 
alloy.  Exposed  to  air  it  decomposed  gradually, 
and  in  water,  suddenly.  In  either  case  potash 
- was  produced  and  the  lead  resumed  its  metallic 
state.  Potassium  2 measures,  bismuth  8 mea- 
sures, a solid  brittle  alloy  in  small  facets  : de- 
composed as  the  last.  Potassium  2 measures, 
antimony  8 measures:  this  mixture  alloyed  with 
great  ease,  giving  out  light  in  the  process : de- 
composed as  above. 

Potassium  2 measures,  tin  7 measures.  Some 
light  is  given  out  during  the  union,  which  re- 
quires almost  red  heat  to  be  effected.  This 
alloy  must  be  made  in  azotic  gas  as  it  is  imme- 
diately decomposed  in  the  air.  When  the  tin 
is  in  a less  proportion  than  the  above,  the  alloy 
generally  takes  fire  the  moment  it  is  attempted 
to  be  pulverized. 

Potassium  and  zinc  alloy  with  difficulty  cm 
account  of  the  volatility  of  the  potassium  at 
the  heat  required. 

Potassium  and  mercury  will  unite  in  any 
proportions.  When  the  former  was  to  the  lat- 
ter as  212  by  weight  to  3069,  the  amalgam 
remained  fluid  at  a mean  temperature.  With 
twice  the  above  quantity  of  potassium  much 
heat  was  excited  on  mixture,  and  the  amalgam 
was  solid  at  a common  temperature  and  easily 


ALK 


j 


ALK 


crystallized.  The  crystallized  texture  was  still 
more  decided  with  three  portions  of  potassium. 
These  amalgams  will  take  place  without  heat 
when  the  potassium  is  free  from  oil  or  oxyd  on 
its  surface  and  quite  clean.  They  often  occur 
accidentally  by  the  fall  of  particles  of  potassium 
on  the  mercury  bath,  which,  as  soon  as  they 
touch  the  mercury,  move  about  on  its  surface- 
with  great  rapidity,  and  soon  disappear  by  being 
absorbed  by  the  fluid  metal.  Much  heat  is 
given  out  when  potassium  and  mercury  unite. 

Potassium  2*  measures,  arsenic  6 measures. 
This  alloy  is  easily  made  and  much  light  is 
given  out  at-  the  time,  but  instead  of  having  a 
metallic  lustre  it  is  of  a dull  chesnut  brown 
hue,  and  when  in  contact  with  water  it  gives 
out  a much  smaller  bulk  of  hydrogen  gas  than 
the  same  quantity  of  potassium  gives  when  al- 
loyed with  any  other  metal.  This  gas  was 
therefore  examined  with  more  care.  A bent 
glass  tube  was  filled  with  azote  over  mercury 
and  2 measures  of  potassium,  and  a piece  of 
arsenic  were  introduded  into  the  tube  and  united 
by  fusion.  The  azotic  gas  was  not  in  any  de- 
gree altered.  Water  was  then  thrown  up  which 
caused  a brisk  effervescence  and  the  production 
of  potash,  and  the  alloy  was  entirely  destroyed, 
leaving  only  a light  flocculent  matter  like  ker- 
mes.  The  water  was  boiled  to  compleat  the 
decomposition  of  the  arsenical  alloy.  The  only 
gas  produced  was  82  measures  of  arsenicated’ 
hydrogen.  This  experiment  was  repeated  many 
times  with  different  proportions  of  potassium, 
tite  gas  being  always  measured,  and  it  was 
found  to  be  pretty  accurately  in  direct  propor- 
tion to  the  quantity  of  potassium  used:  but  it 
was  also  found  that  the  same  quantity  of  po- 
tassium which  when  unalloyed  with  arsenic 
gave  79  parts  of  pine  hydrogen,  would  give 
only  on  the  average  33.36  parts  of  arsenicated 
hydrogen.  This  Jed  to  the  analysis  of  arseni- 
cated hydrogen.  This  gas  was  prepared  both 
by  moistening  the  alloy  of  arsenic  and  potas- 
sium, and  by  adding  muriatic  acid  to  an  all6y 
of  3 parts  of  tin  and  1 of  arsenic.  A given 
quantity  of  this  gas  was  confined  in  a glass 
vessel  over  mercury,  in  contact  with  a vessel 
containing  tin  which  was  kept  in  fusion  for  three 
quarters  of  an  hour.  This  process  extracted 
all  the  arsenic  from  the  gas,  which  then  re- 
turned to  the  state  of  simple  hydrogen,  as  was 
determined  by  there  being  not  the  least  depo- 
sition of  arsenic  on  the  sides  of  the  vessel  in 
which  the  gas  was  subsequently  burned.  From 
the  result  of  several  experiments  which  agreed 
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sufficiently  well,  it  was  shewn  that  100  mea- 
sures of  arsenicated  hydrogen  expand  to  M0- 
parts  after  the  extraction  of  the  arsenic.  Bur 
this  circumstance  would  oi\ly  account  for  part 
of  the  apparent  deficiency  in  the  quantity  of 
gas  produced  by  the  action  of  water  on  the  al- 
loy of  arsenic  and  potassium,  for  if  140  mea- 
sures of  pure  hydrogen  produce  100  measures 
of  arsenicated  hydrogen,  79  of  hydrogen  (the 
quantity  produced  by  each  measure  of  pure* 
potassium)  should  give  56.4  of  the  arsenicated 
gas,  whereas  the  quantity  of  the  latter  gas  ac- 
tually produced,  was  only  33.36.  This  there- 
fore would  imply  some  loss  of  hydrogen,  or 
rather  a condensation  of  it  in  some  one  or  other 
of  the  products  so  as  to  prevent  it  from  as- 
suming a gasseous  form,  and  this  the  authors 
with  great  probability  suppose  to  be  the  case  in 
the  brown  arsenical  flocculi  that  remain  after 
the  action  of  water  upon  the  arsenical  ailoy, 
which  flocculent  matter  therefore  will  then  be- 
a llydrurel  of  Arsenic.  The  possibility  of  a 
solid  compound  of  hydrogen  and  arsenic  has 
also  been  inferred  by  Sir  H.  Davy,  as  a result 
of  the  following  experiments  on  the  action  of 
tellurium  and  arsenic  on  potassium.41  Arsenic 
being  made  the  negative  surface  in  a powerful 
galvanic  action  taken  in  water,  became  dark 
coloured  and  threw  down  a brown  powder,  at 
the  same  time  giving  off"  much  inflammable 
gas.  Also  an  alloy  of- arsenic  and  potassium 
being  heated  in  ammonia  produced  a gas  which 
was  principally  azote,  and  hence  the  hydrogen 
of  the  decomposed  ammonia  must  have  entered 
Into  combination  with  the  arseniuret  of  potas- 
sium. 

Potassium  heated  in  arsenicated  hydrogen  (to 
return  to  M.  M.  Gay  Lussac  and  Thenard)  be- 
comes immediately  covered  with  a red  crust,, 
dense  fumes  condense  on  the  sides  of  the  ves- 
sel, the  gas  is  suddenly  decomposed,  and  there- 
fore expanded,  pure  hydrogen  appears,  and  the 
arsenic  combines  with  the  potassium  into  a 
solid  arseniuret  similar  to  that  produced  by  the 
direct  union  of  arsenic  and  potassium. 

Potassium  may  be  readily  alloyed  with  iron 
by  putting  some  iron  turnings  in  the  lower  ex- 
tremity of  the  gun-barrel  that  projects  beyond 
the  furnace  (in  the  apparatus  for  obtaining  po- 
tassium) instead  of  leaving  it  empty  to  receive 
the  condensed  potassium.  In  this  case  the  iron 
being  long  in  contact  with  potassium  in  vapour 
absorbs  it,  becomes  flexible,  and  often  quite 
soft,  and  is  decomposable  in  air  or  water  like 
any  of  the  other  alloys  of  this  substance.  With-- 
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out  doubt  the  alloys  of  the  other  metals  that 
require  a high  heat  for  their  fusion  might  be 
obtained  in  this  way. 

Potassium  and  G osseous  Oxyd  of  Carbon 
have  no  mutual  action  at  a common  tempera- 
ture) but  when  heated  they  readily  decompose 
each  other.  About  200  measures  of  carbonic 
oxyd  (obtained  from  iron  filings  and  carbonat 
of  barytes  previously  ignited  strongly)  were 
heated  with  a portion  of  potassium.  On  the 
first  impression  of  heat  the  potassium  became 
blue,  but  presently  took  fire,  a great  and  im- 
mediate absorption  of  gas  took  place,  carbon 
was  precipitated,  almost  all  the  potassium  was 
changed  to  potash  and  the  whole  gas  disap- 
peared except  about  twelve  measures,  which 
were  afterwards  decomposed  in  a similar  man- 
ner by  a fresh  portion  of  potassium. 

Potassium  and  Metallic  Oxyds.  It  has 
been  already  mentioned  that  the  celebrated 
discoverer  of  the  alkaline  bases  ascertained  the 
extreme  affinity  of  potassium  for  oxygen  in 
every  combination,  which  therefore  renders 
it  a most  valuable  re-agent  for  an  infinite 
variety  of  chemical  purposes.  Among  these 
he  discovered  that  many  and  probably  all  the 
metallic  oxyds  when  heated  with  potassium, 
are  reduced  to  the  metallic  state  by  yielding 
their  oxygen  to  the  potassium  ; and  if  the  lat- 
ter is  in  excess,  the  newly  reduced  metais  will 
alloy  with  this  excess,  or  will  unite  with  the 
potash  newly  formed  in  case  the  metals  are 
soluble  in  this  alkali. 

Similar  experiments  have  been  repeated  by 
the  above  French  chemists  on  a great  variety 
of  metals,  and  with  the  same  general  results. 
They  were  all  performed  in  a small  glass  tube, 
one  end  open,  the  other  closed.  A layer  of 
the  metallic  oxyd  was  first  put  in,  and  over  it 
the  potassium,  well  cleaned  from  oil  by  blot- 
ting paper,  and  upon  this  another  layer  of  the 
oxyd.  The  tube  was  then  heated  over  a fire 
as  required.  In  almost  all  the  cases  the  re- 
duction of  the  oxyd  was  attended  with  light, 
and  generally  the  potassium  passed  to  the 
state  of  potash,  and  not  to  that  of  either  of  its 
other  oxyds. 

The  particulars  of  these  experiments  need 
not  be  specified  in  this  place. 

Potassium  and  the  Mineral  Acids.  Car- 
bonic acid  gas  and  potassium  do  not  act  upon 
each  other  at  a common  temperature,  but  at  a 
heat  approaching  a cherry-red,  the  decompo- 
sition is  rapid  and  complcat.  The  approach 
to  this  is  shewn  by  the  potassium  becoming 
blue.  It  then  takes  fire,  and  the  gas  is  ab- 
vol. in. 


sorbed  almost  entirely,  leaving  a little  residue 
of  carbonic  oxyd,  and  an  abundance  of  carbon 
precipitates.  The  potash  thus  generated  is 
partly  carbonated. 

Potassium  and  sulphureous  acid  act  on  each 
other  when  heated,  the  gas  is  almost  totally 
absorbed  if  the  potassium  be  in  sufficient  quan- 
tity, and  the  solid  residue  is  sulphuret  of  pot- 
ash. 

In  nitrous  acid  gas  potassium  inflames  even  at 
an  ordinary  temperature,  and  burns  with  a red 
flame. 

With  oxymuriatic  acid  gas  the  appearances 
are  nearly  similar.  The  potassium  burns  with 
a red  flame,  and  muriat  of  potash  is  produced. 

When  potassium  is  heated  with  muriatic 
acid  gas,  hydrogen  is  disengaged,  and  solid 
muriat  of  potash  results.  The  quantity  of  hy- 
drogen is  the  same  as  would  be  given  out  by  the 
action  of  water  on  the  potassium,  audit  is  half 
that  of  the  muriatic  acid  absorbed. 

Vitreous  phosphoric  acid  heated  with  potas- 
sium produces  a pretty  strong  combustion,  and 
red  phosphuret  of  potash  is  left,  which  when 
wetted  gives  phosphuretted  hydrogen  not  in- 
flammable by  exposure  to  air. 

Potassium  and  Alkaline,  Earthy , and  Me- 
tallic Salts.  The  action  of  these  substances 
was  ascertained  in  the  same  manner  as  that  of 
potassium  on  the  metallic  oxyds. 

In  all  cases  the  potassium  abstracted  oxygen 
from  those  salts  which  are  known  to  contain  it, 
and  the  potassium  was  generally  changed  into 
potash,  and  not  into  either  of  its  other  oxyds. 
In  many  instances  light  was  disengaged  at  the 
moment  of  mutual  action.  The  salts  employed 
were  all  previously  dried  as  much  as  possible. 

The  sulphats  heated  with  potassium  were 
more  or  less  perfectly  converted  into  sulphurets. 

The  phosphats  were  in  like  manner  changed 
to  phosphurets,  giving  when  moistened  that 
species  of  phosphuretted  hydrogen  which  is 
not  spontaneously  inflammable. 

The  carbonats  with  potassium  were  decom- 
posed into  carbonic  oxyd,  the  base  of  the 
carbonat  employed,  and  potash  from  the  potas- 
sium. 

Muriat  of  barytes  and  muriat  of  soda  were 
not  altered  by  potassium,  which  sublimed 
through  them,  being  itself  unchanged. 

The  fluats  of  soda  and  lime  wetc  equally 
unaltered. 

Borax  was  unaltered  by  potassium. 
SODIUM. 

This  substance  was  discovered  by  Sir  H. 
Davy  a few  days  after  the  discovery  of  potas- 

F 


A L K 


A L K 


( 42  ) 


sium,  and  by  the  same  means,  that  is,  by  the 
electro-chemical  action  of  a powerful  galvanic 
battery  acting  on  solid  caustic  hydrat  of  soda. 
The  mode  of  preparing  sodium  therefore  is 
precisely  the  same  as  that  of  potassium,  substi- 
tuting one  alkali  for  the  other.  Sodium  may 
also  be  readily  prepared  by  igniting  common 
salt  and  then  heating  it  to  redness  with  potas- 
sium in  a close  vessel.  The  salt  is  immediately 
decomposed,  and  the  sodium  rises  very  pure. 
No  hydrogen  is  disengaged  in  this  process,  and 
two  parts  of  potassium  produce  rather  more 
than  one  of  sodium. a 

Sodium  is  also  prepared  by  the  process  dis- 
covered by  Messrs.  Gay  Lussac  andThenard, 
for  obtaining  potassium,  the  apparatus  being 
precisely  similar,  and  no  other  difference  being 
required  than  to  substitute  soda  for  potash  as 
the  alkali  to  be  passed  through  the  ignited  ircn 
turnings.  As  solid  hydrat  of  soda  contains 
much  more  water  of  composition  than  hydrat 
of  potash,  it  should  be  kept  for  some  time  in 
fusion  at  a low  red  heat  just  before  it  is  put 
into  the  gun  barrel  apparatus.  In  the  distilla- 
tion, a still  greater  heat  is  required  to  obtain 
sodium  than  potassium,  and  the  transmission 
of  the  soda  through  the  heated  barrel  should  be 
slower. 

Pure  sodium  is  an  opake  substance  with  a 
white  silvery  lustre.  It  melts  at  about  200° 
Fahr.  if  unalloyed  with  potassium,  and  it  rises 
in  vapour  at  a strong  red  heat.  It  is  exceedingly 
malleable  and  soft  like  wax  so  as  readily  to  be 
pressed  out  into  thin  leaves.  Portions  of  sodium 
may  easily  be  united  into  one  mass  by  strong 
pressure,  a species  of  cold  zee /ding.  Sodium  is  a 
very  powerful  conductor  cf  electricity.  Small 
globules  of  it  inflame  by  the  Voltaic  spark, 
and  burn  with  bright  explosions.  The  specific 
gravity  is  given  by  Davy  at  0.9318  (water  being 
1.0)  and  by  the  French  chemists  at  0.97223. 

Before  we  describe  the  chemical  properties 
of  sodium  we  shall  notice  its  alloy  with  potas- 
sium, as  this  very  materially  alters  its  fusibility 
and  specific  gravity.  These  two  substances 
unite  perfectly,  and  indeed  the  alloy  is  always 
produced  whenever  the  soda  employed  for  the 
production  of  sodium  is  mixed  with  any  por- 
t;on  of  potash.  This  is  the  case  with  all 
the  common  soda  or  carbonat  of  soda  that  is 
used  when  prepared  from  barilla,  unless  parti- 
cular pains  be  taken  to  purify  it  by  repeated 
solution  and  cryftallization  ; so  that  where 
sodium  is  to  be  obtained  directly  from  the  de- 


composition of  soda,  the  alkali  manufactured 
from  common  salt  is  perhaps  the  surest. 

When  the  soda  contains  as  little  as  five  or 
six  per  cent,  of  potash  the  mixed  alkaline  me- 
tal thence  obtained  becomes  fluid  at  a tempera- 
ture little  above  that  at  which  pure  potassium 
melts,  and  when  the  alloy  contains  more  potas- 
sium it  remains  fluid  at  a common  temperature. 
Three  parts  of  sodium  and  one  of  potassium 
from  an  alloy  fluid  at  30°,  and  which  cryftal- 
lizes  into  a bright  brittle  mass  when  surrounded 
by  salt  and  ice.  Even  a thirtieth  part  of 
potassium  in  the  alloy  materially  encreases  its 
fusibility. 

An  alloy  of  10.  parts  of  potassium  and  1.  of 
sodium  is  also  fluid  at  32°,  and  is  lighter  than 
rectified  naphtha.  These  alloys  therefore  arc  in 
all  cases  more  fusible  than  pure  sodium,  and 
often  more  so  than  pure  potassium,  and  they 
are  also  always  brittle  and  crystallizable.  The 
alloys  may  be  made  either  by  heating  the  alka- 
line metals  under  naphtha,  or  even  by  simple 
pressure  without  heat.  It  should  be  observed 
that  these  alloys  are  gradually  oxydated  even 
under  naphtha  when  exposed  for  some  time  to 
the  air,  and  that  it  is  the  potassium  which  first 
undergoes  this  change,  and  by  this  means 
sodium  may  be  purified  from  a small  admixture 
of  potassium,  the  latter  being  entirely  oxydated 
before  the  former  is  altered. 

When  sodium  is  exposed  to  the  atmosphere 
it  immediately  tarnishes  and  gradually  becomes 
covered  with  a crust  of  soda  which  deliquesces. 
Sodium  confined  in  oxygen  gas  combines  with 
it  slowly  and  without  any  luminous  appearance 
at  a common  temperature,  but  when  heated  it 
burns  with  a very  white  brilliant  sparkling  flame. 
In  common  air  the  flame  is  yellow. 

When  sodium  is  thrown  on  water  it  produces 
a violent  effervescence  of  hydrogen  with  a hiss- 
ing noise,  the  globules  run  about  in  all  directions 
on  the  surface  of  the  water,  rapidly  lessen 
without  flame  or  explosion,  and  gradually  dis- 
appear, leaving  the  water  alkaline  by  the  soda 
produced.  The  quantity  of  hydrogen  produced 
by  a given  weight  of  sodium  in  water  is  thus 
given  by  Messrs.  Gay  Lussac  and  Thenard, 
whose  experiments  very  closely  coincide  with 
the  results  adopted  by  Sir  H.  Davy.  The  mode 
of  conducting  the  experiment  was  exactly  the 
same  as  with  potassium.  2.4 S3  grammes  of 
sodium  decomposed  by  water  gave  1.2525  litres 
of  hydrogen  gas  at  15°  centigrade  Th.  and  0.759 
metre  Bur.-,  whence  it  follows  that  100.  parts 
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by  weight  of  sodium  absorb  33.095  parts  of 
oxygen  during  its  conversion  into  soda,  and 
therefore  100.  parts  of  pure  soda  free  from  all 
water  of  composition,  contain  74.63  of  sodium 
and  25.37  of  oxygen. 

The  numbers  adopted  by  I)avyb  are  S8  of 
sodium  to  30  of  oxygen  (S8  being  the  number 
representing  one  proportion  of  sodium]  which 
would  give  74.5  per  cent,  of  sodium  and  25.5 
of  oxygen. 

Oxyds  of  Sodium.  Theoxydation  of  sodium 
seems  in  every  respect  to  run  a parallel  course 
with  that  of  potassium. 

There  are  three  oxyds  of  sodium  known,  of 
which  the  alkali  soda  is  in  the  intermediate  de- 
gree of  oxydation. 

The  suboxyd  of  sodium  is  formed  like  that 
of  potassium  by  very  slow  circulation  of  air  in 
a vessel  confined  by  a cork.  This  suboxyd  is 
grey,  brittle,  unmetal  lie  in  appearance,  and 
gives  out  some  hydrogen  when  moistened,  but 
less  than  sodium. 

The  pure  alkali  Soda,  free  from  water  of 
composition  forms  the  next  oxyd  of  sodium. 
Its  composition  has  just  been  mentioned.  It 
is  formed,  like  the  pure  potash,  by  heating  the 
peroxyd.  When  produced  by  the  action  of 
water  on  sodium  it  always  retains  a consider- 
able portion  of  water  which  is  not  expelled 
even  at  a red  heat. 

The  peroxyd  of  sodium  is  formed  as  the  per- 
oxyd of  potassium  by  heating  the  alkaline  basis 
in  oxygen  gas.  Its  natural  colour  is  a dirty 
yellow  •,  but  brown  when  prepared  upon  un- 
covered platina.  When  thrown  into  water  it  is 
immediately  decomposed  and  passes  to  the  state 
of  alkali,  giving  out  oxygen  gas. 

The  experiments  made  by  die  French  che- 
mists to  find  the  utmost  quantity  of  oxygen 
gas  absorbed  by  the  combustion  of  sodium,  in 
no  degree  accord  with  each  other,  except  to 
shew  that  the  term  of  oxygenation  that  pro- 
duces the  alkali  is  pretty  accurately  defined. 

But  beyond  this,  the  excess  of  oxygen  ab- 
sorbed to  produce  the  peroxyd  (and  which  ex- 
cess is  given  out  when  water  is  added]  varies 
so  much  in  the  experiments  given  that  no  accu- 
rate inference  can  be  made.  The  utmost  quan- 
tity of  this  excess  is  somewhat  more  than  half 
the  quantity  of  oxygen  absorbed  to  produce  the 
alkali,  and  this  proportion  is  also  given  by  Sir 
H.  Davy.  Hence  it  may  perhaps  be  allowed 
that  sodium  with  two  portions  of  oxygen  be- 
comes soda,  and  with  three  portions  the  per- 
oxyd,' We  may  add  that  a very  considerable 
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error  has  crept  into  the  calculations  of  these 
eminent  chemists  from  their  own  data.  The 
quantity  of  oxygen  absorbed  by  one  measure  of 
sodium  is  not  1 IS  of  the  measures  used,  but 
half  this  number,  or  74.  It  is  the  hydrogen 
given  out  which  is  H8,  and  hence  the  oxygen 
absorbed  would  be  half  this  quantity  in  bulk , 
or  74;  and  this  too  agrees  with  the  other  num- 
bers of  the  table  given,  being  pretty  nearly 
the  quantity  left  after  the  action  of  water  on 
the  peroxyd  in  all  the  five  experiments. 

The  chemical  properties  of  sodium  and  its 
oxyds  so  closely  resemble  those  of  potassium  in 
parallel  cases  as  to  render  a particular  descrip- 
tion unnecessary.  In  almost  every  instance 
sodium  absorbs  oxygen  from  every  substance 
containing  it  (the  oxyds  of  potassium  excepted] 
and  the  peroxyd  yields  that  excess  of  oxygen 
above  the  quantity  necessary  for  alkalization  to 
almost  every  substance  which  has  an  alhnity  for 
ox i gen. 

Oxygenation  of  the  common  caustic  alkali:  s 
by  fusion.  After  the  discovery  of  the  peroxyds 
ot  potassium  and  sodium  it  was  natural  to  exa- 
mine whether  any  process  of  superoxygenation 
of  the  alkalies  in  their  common  state  (that  is 
as  Uydrals)  ever  took  place,  when  they  were 
kept  in  fusion  at  a red  heat  exposed  to  the 
atmosphere.  At  a common  temperature  it  is 
obvious  that  the  deliquescence  of  these  alkalies 
would  cf  itself  prevent  any  higher  degree  of 
oxygenation ; and  as  even  at  a red  heat  the 
water  of  composition  entering  into  these  alka- 
lies is  not  driven  off,  it  was  doubtful  whether 
this  circumstance  might  not  oppose  the  further 
absorption  of  oxygen.  Messrs.  Gay  Lussac  and 
Thenard  however  assert  that  when  common 
caustic  potash  or  soda,  prepared  by  alcohol,  is 
kept  in  fusion  at  a red  heat  in  an  open  crucible 
of  silver  platina  or  earth,  it  absorbs  oxygen 
and  partly  passes  to  the  state  of  peroxyd,  and 
will  again  give  o'ut  oxygen  gas  on  being  dis- 
solved in  water.  A silver  crucible  answers  best 
as  the  alkali  has  no  action  on  it.  Potash  oxyd- 
ates  sooner  under  these  circumstances  than 
soda,  so  that  in  eight  or  ten  minutes  of  fusion 
its  colour  deepens  and  it  gives  out  much  oxvgen 
when  wetted.  But  when  the  alkali  is  combined 
with  carbonic  acid  no  such  superoxygenation 
takes  place  by  any  length  of  fusion. 

On  the  other  hand  they  assert  that  the  nitrats 
of  these  alkalies  when  thrown  into  a red  hot 
crucible  and  kept  long  enough  to  be  compleatly 
decomposed,  very  readily  furnish  the  peroxyds 
of  the  alkaline  bases. 


* See  Recherches,  &c.  par  MM.  Gay  Lussac  and  Thenard,  tom.  i.  p.  513. 
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ALLANITE.* 

This  mineral  occurs  in  oblique  tetrahedral 
prisms,  the  alternate  angles^  of  which  measure 
117°  and  63,  or  in  compressed  hexahcdral 
prisms  terminated  by  tetrahedral  summits •,  it 
also  occurs  uncrystallized  and  then  is  either 
massive  or  disseminated  being  mixed  with  black 
mica  and  felspar.  Its  specific  gravity  as  far  as 
can  be  ascertained  on  account  of  the  intimately 
intermixed  mica,  is  between  3.1  and  4.0.  Its 
colour  is  brownish-black;  when  bruised  dark 
greenish  grey.  Externally  it  is  dull.  Internally 
it  exhibits  a small  conchoidal  fracture  with  a 
shining  lustre  between  resinous  and  metallic. 
It  is  opake,  in  hardness  ranks  between  felspar 
and  glass  ; is  brittle  and  easily  frangible.  Be- 
fore the  blow-pipe  it  froths  and  melts  into  a 
brown  slag.  It  gelatinizes  in  nitric  acid,  and 
loses  about  4 per  cent,  of  its  weight  by  strong 
ignition. 

The  substances  obtained  from  100  parts  of 
it  on  analysis  by  Dr.  Thomson,  are 

35.4  silex 
9.2  lime 
4.1  alumine 

25.4  per-oxide  of  iron 

35.9  oxide  of  cerium 

4.0  volatile  matter 


112.0 


Allanite  is  a native  of  Greenland,  but  of  its 
geological  history  we  are  as  yet  entirely  ignorant. 

ALLOCHROITE.b  Splittriger  Granat  K. 

The  colour  of  this  mineral  is  yellowish  or 
brownish-grey.  It  occurs  in  opake  amorphous 
masses.  Its  fracture  is  uneven  passing  to  splin- 
tery, with  a slight  degree  of  lustre.  It  gives 
sparks  with  steel,  and  is  difficultly  frangible. 
Sp.  gr.  3.5.  Before  the  blow-pipe  it  is  fusible 
without  addition  into  a black  shining  o 
enamel. 

It  has  been  analysed  both  by  Vauquelin  and 
Rose,  with  the  following  results  : 


V. 


R. 


35. 

— 

37. 

silex 

30.5 

— 

30. 

lime 

8. 

. — 

5. 

alumine 

17. 

— 

18.5 

oxide  of  i 

3.5 

— 

6.25 

oxide  of  r 

6. 

— 

0. 

carbonate 

iron 


100.0 


96.75 


This  mineral  is  considered  by  Karsten  as  a 
variety  of  garnet,  and  in  fact  its  analysis  nearly 
coincides  with  that  of  melsmiteor  black  garnet. 

It  occurs  generally  in  pieces  covered  by  car- 
bonate of  lime,  and  by  dodecahedral  crystals 
which  appear  to  be  garnet.  These  dodecahe- 
drons are  implanted  by  their  lower  extremities 
in  the  allochroire,  into  the  substance  of  which 
they  appear  to  pass  by  insensible  degrees.  The 
carbonate  of  lime  in  Vauquelin’s  analysis  is  no 
doubt  foreign  to  the  composition  of  this  mineral 
and  is  to  be  attributed  to  the  calcareous  spar 
with  which  it  is  mixed.  ^ 

It  occurs  in  the  iron  mine  of  Virums,  near 
Drammen  in  Norway. 

ALOE. 

Three  analyses  have  been  made  of  this 
substance,  of  which  the  following  is  an  abstract. 

The  first  we  shall  mention  is  that  of  M. 
Braconnot. c 

Aloes  is  a dark  brown  semi-transparent  ex- 
tract, easily  reduced  to  powder,  and  very  bitter, 
prepared  from  the  natural  juice  of  several 
species  of  the  aloe  plant,  either  by  natural  or 
artificial  heat.  The  finest  species  is  prepared 
only  by  inspissation  in  the  sun’s  heat.  The 
finest  sort  was  selected  for  the  following  ex- 
periments : 

50  grammes  were  heated  per  se  in  a retort, 
with  a heat  at  first  very  gentle,  and  afterwards 
increased.  The  first  product  was  a water 
loaded  with  the  flavour  of  aloes,  then  a colour- 
less wafer  holding  some  acetous  acid  but  no 
ammonia : then  a red  oil  soluble  in  alcohol ; 
and  then  at  a higher  heat  much  carburetted 
hydrogen  with  oil.  The  coal  contained  no 
potash. 

Aloes  rubbed  in  a mortar  with  water  pro- 
duces a viscous  mass  like  turpentine  when 
pressed  with  the  fingers.  A large  quantity  of 
water  however  dissolves  the  whole,  excepting 
a little  woody  impurity,  and  the  solution  of 
the  last  portion  is  as  bitter  as  the  first.  By 
heating  the  water,  the  solubility  of  aloes  is 
greatly  increased,  and  the  hot  saturated  solu- 
tion will  assume  somewhat  of  a crystalline  form 
by  cooling.  The  watery  solution  of  aloes  red- 
dens litmus.  Its  colour  is  rendered  deeper 
by  lime-water  and  the  alkalies,  but  nothing  is 
precipitated.  Goulard’s  extract  produces  a 
deep  precipitate,  and  the  supernatant  liquor  be- 
comes colourless. 

The  watery  solution  when  long  exposed  to 
the  air  becomes  mouldy,  and  then  gives  an 
abundant  precipitate  with  gall-nut,  but  when 
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the  solution  is  recent  this  reagent  only  slightly 
disturbs  it. 

Spirit  of  wine  dissolves  aloes  with  great 
ease  when  warm.  The  solution  is  of  a very 
deep  red,  and  water  added  to  it  gives  a copious 
pale  yellow  sediment.  If  the  spirituous  solu- 
tion is  much  lessened  by  evaporation,  the 
slightest  agitation  causes  the  surface  to  assume  a 
crystalline  form. 

Neither  the  fixed  nor  the  essential  oils  dis- 
solve any  sensible  portion  of  aloes. 

All  the  alkalies  dissolve  aloes  very  easily 
even  without  heat,  and  the  intense  bitter  is 
somewhat  corrected  in  this  solution. 

The  ammoniacal  solution  carefully  evapo- 
rated almost  to  dryness,  gave  the  author  a 
number  of  needled  crystals  impacted  in  a re- 
siniform  mass.  These  crystals  gave  the  smell 
of  ammonia  when  rubbed  with  lime  and  mois- 
tened, and  hence  this  alkali  appears  to  be  one 
of  their  component  parts. 

AVeak  acids  merely  dissolve  aloes,  and  some- 
what more  abundantly  than  water  does. 

Nitric  acid  dissolves  it  easily  in  the  cold, 
producing  a blood-red  liquid,  precipitable  by 
water.  A quantity  of  aloes  was  put  into  a 
retort  and  heated  cautiously  with  eight  parts 
of  strong  nitric  acid.  Abundance  of  nitrous 
gas  was  given  out,  and  when  this  action  had 
ceased  the  retort  contained  a yellow  liquid, 
which  on  cooling  deposited  a good  deal  of  a 
yellow  flocculent  substance,  that  weighed  after 
washing  on  the  filter  about  a quarter  of  the 
weight  of  the  aloes  employed.  The  author  con- 
siders this  as  an  acid  possessing  some  peculiar 
properties,  and  terms  it  the  A/oetic  Acid.  It  is 
of  a very  fine  yellow  and  intensely  bitter,  not 
crystallizable,  reddens  litmus,  and  effervesces 
with  the  alkaline  carbonates.  Its  smell  is  agree- 
ably aromatic  when  warmed.  It  is  very  slightly 
soluble  in  water,  and  the  solution  has  the 
colour  of  arterial  blood.  Alcohol  dissolves 
only  Vo-  °f  its  weight  of  this  acid.  The 
mineral  acids  merely  dissolve  without  decom- 
posing it.  Potash  forms  a red  crystallizable 
salt  with  this  acid,  which  detonates  with  the 
violence  of  gunpowder  when  heated  sufficiently 
or  touched  with  an  ignited  body.  The  salt  is 
easily  produced  by  pouring  a weak  solution  of 
caustic  potash  on  the  yellow  aloetic  acid. 

The  liquor  that  remains  after  the  extraction 
of  this  acid  from  the  heated  mixture  of  aloes 
and  nitric  acid,  contains  also  much  oxalic  acid, 
so  as  to  give  a copious  precipitate  of  oxalate  of 
lime  on  the  addition  of  nitrat  of  lime. 


M.  Braconnot  infers  from  his  experiments, 
that  the  chief  constituent  part  of  aloes  is 
neither  a gum  nor  resin,  but  a substance  sui 
generis,  which  he  terms  Bitter  Resin  ( Jlcsino- 
Amer.) 

M.  Trommsdorff  has  given  a comparative 
analysis  of  the  Socotrine  and  Hepatic  aloes, d of 
which  a few  particulars  may  be  mentioned. 
Four  ounces  of  aloes  were  boiled  with  3 pints 
of  distilled  water.  The  whole  dissolved,  but 
became  very  turbid  on  cooling,  and  a yellow 
substance  separated,  weighing  an  ounce  after 
drying.  This  substance  was  a bitter,  yellow, 
brittle,  transparent  resin,  fusible  at  a gentle 
heat,  insoluble  in  water,  very  soluble  in  alcohol 
and  potash,  and  highly  inflammable. 

The  liquor  that  contained  that  part  of  the 
aloes  which  remained  soluble  in  water,  was 
evaporated  to  dryness,  and  gave  a brown  bitter- 
mass  equally  soluble  in  water  and  alcohol,  but 
insoluble  in  ether,  which  the  author  considers 
as  identical  with  what  Hermbstaedt  terms  the 
Saponaceous  Principle  of  vegetables.  Ano- 
ther portion  of  aloes  was  analyzed  by  first 
digesting  it  in  alcohol,  in  which  it  totally 
dissolved  without  any  residue  but  a few  grains 
of  woody  impurity.  The  solution  remained 
clear  after  cooling.  After  being  evaporated 
to  dryness,  the  residue  was  digested  with  water, 
and  only  three  fourths  of  it  dissolved,  leaving 
one  fourth  of  resin  j which  confirmed  the  gen- 
eral proportion  of  resin  and  other  matter  found 
in  the  first  experiment. 

Some  difference  was  found  in  the  subsequent 
analysis  of  the  Hepatic  aloes,  this  species 
containing  about  fth  of  albumen  which  resisted 
solution  in  boiling  water  and  in  alcohol,  owing 
to  its  coagulation.  This  therefore  is  given  a3 
a mode  of  distinguishing  the  two  species ; the 
Socotrine  aloes  dissolves  entirely  in  boiling 
water  and  in  alcohol,  but  the  Hepatic  when  thus 
treated,  leaves  a portion  of  coagulated  albu- 
men. 

Further  experiments  have  been  made  upon 
aloes  by  Messrs.  B.  La  Grange  and  Vogel, e 
with  some  slight  difference  as  to  results. 

A portion  of  each  kind  of  aloes  was  distilled 
per  se.  Some  water  and  oil  passed  over,  the 
former  of  which  gave  a brownish-black  colour 
to  sulphpte  of  iron,  but  this  tinge  did  not 
resemble  that  produced  by  the  distilled  water 
of  the  gall  nut  ■,  neither  was  the  water  of  the 
aloes  at  all  altered  in  colour  by  lime,  barytic 
or  strontian-water,  all  of  which  give  a blue, 
green,  or  rose-colour  precipitate  with  these 
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reagents.  Hence  the  authors  conclude  that 
aloes  contains  no  gallic  acid.  The  distilled 
water  of  the  hepatic  aloes  gave  a sensible 
quantity  of  ammonia. 

A second  distillation  of  each  species  of  aloes 
was  made  with  the  addition  of  water  in  the 
retort.  The  socotrine  aloes  gave  a pleasant 
sweet-smelling  water,  not  acid,  on  which  floated 
a greenish  yellow  oil  smelling  like  melilot. 
The  distilled  water  of  the  hepatic  aloes  on  the 
other  hand  was  nauseous,  and  no  oil  separated. 

The  action  of  cold  water  on  aloes  was 
somewhat  different  from  that  observed  by  IvI. 
Braconnot.  The  latter  chemist  asserts  that 
cold  water  in  sufficient  quantity  will  dissolve 
the  whole  of  the  aloes,  and  that  the  last 
dissolved  portion  equals  the  first  in  bitterness. 
On  the  other  hand,  the  authors  of  the  present 
paper  found  that  by  digesting  the  aloes  with 
successive  portions  of  cold  water,  and  pouring 
oft'  the  liquors  after  remaining  for  some  hours 
in  contact  till  nothing  more  was  extracted, 
there  remained  a soft  grey  elastic  mass  in- 
soluble in  water,  resembling  a resin.  The 
watery  solution  is  thick  and  lathers  much  on 
agitation.  It  deposits  a yellow  powder  on  the 
addition  of  a great  variety  of  substances,  such  as 
all  the  mineral  acids,  all  the  neutral,  and  a 
great  many  of  the  metallic  salts.  Those  of 
iron  produce  a brown  precipitate,  but  different 
from  that  given  by  galls.  All  these  precipitates 
from  the  aloetic  solution  are  soluble  in  water. 
The  watery  solution,  evaporated  slowly  to  dry- 
ness, leaves  a brown  transparent  vitriform  mass 
intensely  bitter,  and  perfectly  soluble  in  water 
and  alcohol,  but  very  sparingly  in  ether. 

On  the  other  hand  the  resinous  matter  of 
aloes  is  not  soluble  in  cold  water,  but  dissolves 
in  alcohol  and  ether,  and  the  latter  solution  is 
abundantly  precipitated  by  water. 

The  action  of  nitric  acid  observed  by  these 
chemists  was  nearly  the  same  as  that  described 
by  M.  Braconnot.  The  yellow  powder  produced 
by  heating  aloes  in  this  acid,  gives  a most  beau- 
tiful purple  colour  to  a large  quantity  of  water. 
When  this  powder  is  gently  heated  per  se  in  a 
retort,  as  soon  as  it  melts,  it  explodes  slightly, 
and  an  acid  yellow  bitter  liquor  passes  into  the 
receiver,  smelling  of  prussic  acid  and  evolving 
ammonia  on  the  addition  of  potash. 

Oxymuriatic  acid  passed  through  a concen- 
trated watery  solution  of  aloes  is  absorbed  in 
great  quantity,  the  liquor  becomes  yellow  and 
coagulates  strongly  so  as  almost  entirely  to 
solidify.  This  coagulum  when  washed  is  elastic, 
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insoluble  in  cold  water,  but  abundantly  soluble 
in  alcohol,  which  solution  is  copiously  pre- 
cipitated by  water.  The  action  of  oxymuriatic 
acid  therefore  appears  to  convert  much  of  the 
aloes  into  a perfect  resin. 

ALUM. 

§ 1.  Ores  and  Manufacture  o f. 

The  largest  alum  mine  in  Britain  is  at  Hur- 
lett  near  Glasgow.®  In  the  colliery  at  that 
place  is  a bed  of  coal  about  five  feet  thick  co- 
vered by  a roof  of  pyritical  slaty  clay  of  the 
thickness  of  ten  inches.  The  coal  with  the 
superincumbent  roof  dips  just  enough  to  afford 
a free  passage  for  the  water,  and  the  mine  is 
worked,  contrary  to  the  usual  practice,  from 
the  rise  to  the  dip  ; hence  all  the  workings  are 
necessarily  kept  perfectly  dry.  For  three  cen- 
turies has  this  colliery  been  in  work,  and  it 
now  presents  an  excavation  the  area  of  which 
is  nearly  a mile  square,  with  pillars  of  coal  at 
the  usual  intervals  in  order  to  support  the  over- 
lying  beds,  the  thickness  of  which  is  on  an 
average  about  30  fathoms.  The  air  circulates 
slowly  through  the  whole  of  this  space  by 
means  of  such  of  the  old  shafts  as  stilt  remain 
open ; and,  in  consequence,  a slow  decom- 
position of  the  roof  is  perpetually  going  on. 
This  process  however  is  so  gradual  that  in  no 
part  has  the  slate  been  hitherto  entirely  re- 
moved. 

The  first  action  of  the  air  is  to  cause  a thin 
flake  to  scale  oft"  from  the  roof  and  fall  upon 
the  dry  floor ; in  this  last  situation  the  decom- 
position makes  further  progress,  and  by  degrees 
assumes  the  appearance  of  a light  spicular  ef- 
florence.  Succeeding  flakes  go  through  a simi- 
lar process,  and  in  time  the  whole  space  up  to 
the  very  roof  itself  is  completely  filled  ; the 
current  of  air  being  then  obstructed,  all  further 
decomposition  of  course  ceases  till  the  efflo- 
resced portion  is  removed. 

The  mass  thus  obtained  consists  of  earth 
richly  impregnated  with  sulphate  of  alumine, 
sulphate  of  iron,  and  in  some  cases  with  sul- 
phate of  magnesia.  The  salts  are  separated  by 
lixiviation  from  the  insoluble  residue,  the  sul- 
phate of  alumine  is  converted  into  alum  by  the 
addition  of  sulphate  or  muriate  of  potash,  and 
the  manufacture  is  finished  in  the  usual  way. 

The  oldest  alum  works  in  this  country  are 
at  Whitby  in  Yorkshire,15  where  there  occurs  a 
vast  deposit  of  alum  slate  about  twenty-nine 
miles  broad  from  N.  to  S.  and  stretching  from 
the  eastern  coast  even  into  Lancashire.  1 he 
depth  of  this  mass  is  unknown,  but  it  is  covered 
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by  alluvial  soil,  by  sandstone  lying  upon  or 
sometimes  inclosing  a thin  bed  of  coal,  by  iron- 
stone, shale  and  clay. 

The  alum  slate  itself,  although  tender  near 
the  surface,  is  at  the  depth  of  about  J00  feet 
equal  in  hardness  and  compactness  to  common 
roof-slate.  The  upper  part,  whether  from  being 
actually  richer  in  pyrites,  or  in  a state  of  partial 
decomposition,  is  found  to  yield  four  or  five 
times  as  much  alum  as  the  lower  part,  this 
latter  being  at  the  same  time  considerably  more 
bituminous.  Ammonites,  nautilites,  and  tro- 
chites,  together  with  belemnites,  abound  in 
the  schistus ; vertebrae  and  other  bones  of 
amphibious  animals  are  also  met  with.  Wood 
converted  by  bituminization  into  a more  or  less 
perfect  jet  is  of  not  unfrequent  occurrence,  and 
several  subordinate  beds  of  red  iron  ore  are 
worked  at  the  depth  of  about  200  feet. 

The  alum  slate  being  procured  by  means  of 
the  pickaxe,  the  first  process  to  which  it  is  sub- 
jected is  roasting.  For  this  purpose  a ted  of 
faggots  and  brushwood  four  or  five  yards  broad 
and  two  yards  high  is  covered  to  the  heighth  of 
about  four  feet  with  the  ore  broken  very  small ; 
it  is  then  kindled,  and  fresh  ore  is  continually 
added ; the  breadth  of  the  pile  is  also  increased 
by  successive  additions  of  faggots  and  ore  till 
at  length  the  mass  reaches  the  heighth  of  80  or 
100  feet, covering  an  area  150  or  200  feet  square, 
and  containing  about  100,000  cubic  yards  of 
ore.  The  combustion  is  moderated  by  covering 
the  surface  with  the  more  earthy  part  of  the 
ore,  and  after  a time  it  is  extinguished  spon- 
taneously. 

Of  this  calcined  mine  it  takes  on  an  average 
130  tons  to  produce  one  ton  of  alum.  For  this 
purpose  the  ore  is  steeped  in  pits  containing 
about  60  cubic  yards  at  a time,  and  the  solution 
(technically  called  alum  liquor)  is  drawn  off 
into  a cistern,  from  which  it  is  again  pumped 
upon  fresh  calcined  mine.  This  process  is  re- 
peated till  the  liquor  acquires  a specific  gravity 
of  1.15.  The  ore  after  having  been  once  steeped 
is  lixiviated  again  a second  and  third  time,  and 
these  weaker  solutions  are  used  instead  of  water 
in  subsequent  steepings. 

The  strong  liquor  is  drawn  off  into  cisterns 
where  it  deposits  much  selenite  and  oxyd  of 
iron  ; it  is  then  boiled  for  a short  time  and  al- 
lowed to  cool,  by  which  nearly  the  whole  of 
the  grosser  impurities  are  got  rid  of.  The  liquor 
thus  clarified  is  transferred  to  a leaden  boiler, 
where  it  is  mixed  with  a quantity  of  mother 
liquor  and  kept  briskly  boiling  during  the  whole 
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day,  the  loss  from  evaporation  being  from  time 
to  time  supplied  by  fresh  liquor.  The  con- 
centrated solution  from  the  whole  of  the  pans 
is  run  every  morning  into  a vessel  called  a 
settler,  where  its  specific  gravity  is  taken,  and 
is  generally  found  to  vary  between  1.45  and 
1.5:  a solution  of  crystallized  muriate  of  pot- 
ash is  then  added,  sufficient  to  lower  the  specific 
gravity  to  1.35,  and  the  whole  is  carefully  mixed 
together.  The  liquor  then  stands  in  the  settler 
about  two  hours  in  order  to  deposit  the  sedi- 
ment which  it  contains,  and  when  clear  is  trans- 
ferred into  the  coolers  to  crystallize.  After 
standing  four  days  the  mother  liquor  is  drained 
off,  and  the  crystals  of  alum  washed  with  water 
in  a tub,  whence  they  are  conveyed  to  a bin 
with  holes  in  the  bottom  that  the  moisture  may 
run  off.  The  washed  alum  is  then  put  into  a 
large  leaden  pan  with  as  much  water  as  is  re- 
quisite to  hold  the  salt  in  solution  at  a boiling 
heat ; the  solution  being  compleat  the  hot  liquor 
is  immediately  run  into  casks.  Here  it  remains 
about  sixteen  days;  at  the  end  of  which  time 
the  casks  are  taken  to  pieces  in  order  to  get 
out  the  hollow  mass  of  alum  entire  ; this  latter 
is  then  pierced,  the  mother  liquor  is  let  out  and 
the  alum  itself  being  cleared  from  any  adhering 
dirt  is  broken  into  pieces  of  about  1 cvvt.  each, 
and  is  ready  for  sale. 

J30  tons  of  calcined  mine  afford  1 ton  of  alum. 

The  daily  produce  of  each  pan  is  about  4 cwt. 
of  alum,  for  which  about  18  bushels  of  coal  are 
required. 

22  tons  of  muriate  of  potash  are  necessary 
for  every  100  tons  of  alum. 

§ 2.  Analysis  of  Alum. 

The  most  accurate  analysis  of  alum  is  by 
Vauquelin3  ; in  his  comparative  examination  of 
several  varieties  of  this  salt,  for  the  purpose  of 
ascertaining  whether  there  is  any  such  real  su- 
periority of  the  Roman  alum,  and  of  certain 
other  foreign  varieties  of  the  same  substance, 
over  the  French  manufactures  of  this  article  as 
it  seems,  is  generally  supposed  by  the  French 
dyers  and  calico-printers.  The  four  most  in- 
teresting varieties  out  of  the  six  which  were 
analysed  by  this  able  chemist,  were  the  follow- 
in":  1.  Genuine  Roman  alum.  2.  Ditto  from 

O 

a manufacture  at  Liege.  3.  Ditto  English. 
4.  Ditto  French  from  the  manufacture  of  M. 
Ribaucourt. 

The  method  pursued  was  to  dissolve  the 
alum  in  water,  and  by  the  addition  of  ammo- 
nia in  excess  to  separate  the  aiumine  and  oxide 
of  iron,  the  precipitate  being  perfectly  well 
l.p.  154. 
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washed  was  dried  and  finally  ignited  in  a pla- 
tina  crucible.  A fresh  poition  of  alum  was 
then  taken  and  decomposed  by  muriat  of  barytes 
for  the  purpose  of  ascertaining  the  amount  of 
sulphuric  acid  from  the  sulphate  of  barytes 
produced.  The  ammoniacal  liquor  in  the  first 
process  was  evaporated  to  dryness,  the  residual 
salt  was  ignited  in  order  to  drive  off  the  sul- 
phate of  ammonia,  and  the  remainder  was  sul- 
phate of  potash.  A fresh  portion  was  boiled 
in  a retort  with  caustic  potash,  and  the  ammo- 


with  sulphuric  acid  and  then  evaporated  ; the 
remaining  sulphate  of  ammonia  indicated  the 
amount  of  volatile  alkali  contained  in  the  alum. 
Lastly,  the  alumine  obtained  in  the  first  process 
was  digested  in  caustic  potash  till  the  whole  of 
the  earth  was  taken  up,  and  thus  separated 
from  the  oxide  of  iron  which  is  insoluble  in 
this  menstruum.  From  analyses  carried  on 
in  the  manner  just  mentioned  it  appears  that 
the  following  are  the  component  parts  of  the 
four  varieties  of  alum  examined  by  M.  Vau- 


niacal  liquor  which  came 

over  was 

saturated  quelin. 

viz. 

Roman 

Liege 

English 

French 

10.36  - 

- 10.39 

— 10.21  — 

10.16  Alumine 

31.82  - 

- 31.49 

— 31.64  — 

31.49  Sulphuric  acid- 

12.17  - 

- 12.17 

— 12.20  — 

12.45  Potash 

0.  - 

0.29 

— 0.47  — 

0.4 1 Ammonia 

0.  - 

0.098 

— 0.246  — 

0.262  Oxydc  of  Iron 

54.35  - 

- * 54.438 

— 54.766  — 

54.772 

What  remains  to  be  added  to  each,  that  the 
original  100  parts  may  be  complete,  is  water 
of  crystallization. 

Hence  it  appears  that  the  sole  difference 
between  the  most  and  the  least  valued  kinds  of 
alum  is  that  the  latter  contains  a few  thous- 
andths of  the  sulphates  of  ammonia  and  of  iron, 
which  are  wholly  or  almost  wholly  wanting  in 
the  former.  It  became  therefore  a matter  of 
importance  to  ascertain  by  direct  experiment 
the  effect  of  a small  portion  of  these  salts  upon 
the  more  delicate  dyes,  and  in  consequence  an 
investigation  to  this  purpose  was  undertaken 
by  M.  M.  Thenard  and  Roard.a 

The  result  of  their  inquiry  has  been,  that  in 
dying  wool  with  the  most  delicate  colours,  such 
as  weld,  cochineal,  sumach,  madder  and  kermes, 
the  use  of  Roman  instead  of  common  alum  is 
of  little  or  no  consequence  ; that  the  colours  of 
cotton  are  sensibly  deteriorated  by  the  employ- 
ment of  impure  alum,  and  that  this  effect  is 
still  more  sensible  in  the  dying  of  silk.  Sul- 
phate of  ammonia  even  in  much  larger  doses 
than  it  exists  in  the  most  impure  alums  is  very 
little  injurious,  it  is  therefore  the  sulphate  of 
iron  that  produces  all  the  mischief. 

Having  thus  ascertained  that  the  preference 
given  to  the  Roman  over  every  other  kind  of 
alum  in  the  market  is  by  no  means  a prejudice, 
but  founded  on  very  substantial  reasons,  M.  M. 
Thenard  and  Roard  proceed  to  show  that  it  is 
very  easy  to  get  rid  of  the  sulphate  of  iron,  and 
thus  to  raise  the  most  impure  alums  compleatly 
to  the  standard  of  the  Roman.  For  this  pur- 
pose the  alum  is  to  be  dissolved  in  as  small  a 
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quantity  as  possible  of  boiling  water,  and  the 
solution  while  cooling  is  to  be  incessantly 
stirred  ; by  this  means  the  alum  will  be  ob- 
tained nearly  in  a pulverulent  state ; it  is  then 
to  be  carefully  washed  two  or  three  times  in 
small  portions  of  fresh  water,  and  the  purifica- 
tion is  compleat.  [For  the  experiments  of 
Thenard  and  Roard  on  the  action  of  alum  on 
colouring  matter,  see  the  article  Dying  in  this 
Appendix.] 

ALUMINUM. 

T he  metallic  basis  of  alumine  has  not  yet 
been  obtained  in  a free  state,  though  sufficient 
indications  of  its  existence  have  been  made  out 
by  Sir  H.  Davy. a When  iron  is  negatively 
electrified  with  a high  galvanic  power  and  fused 
in  contact  with  moistened  alumine,  a globule 
is  obtained  whiter  than  pure  iron,  which  slowly 
effervesces  in  water  and  becomes  gradually 
covered  with  white  powder ; and  the  solution 
in  muriatic  acid  decomposed  by  an  alkali  gives 
alumine  and  oxyd  of  iron.  Also  when  potas- 
sium is  vaporized  by  heat,  and  in  this  state 
passed  through  alumine  heated  to  whiteness, 
much  potash  is  formed  which  produces  a co- 
herent mass  with  the  undecomposed  alumine, 
in  which  are  found  numerous  grey  particles 
which  become  white  when  heated  in  the  air, 
and  slowly  effervesce  in  water.  These  grey 
particles  appear  to  be  an  alloy  of  potassium 
and  aluminum. 

AMMONIA.  Ammonium. 

The  following  practicial  remarks  on  the 
preparation  of  the  liquid  ammonia  may  be 
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useful.  Mr.  Phillips  has  the  following  ex- 
periment. 1 To  9 oz.  of  lime  slacked  with 
half  a pint  of  water,  and  put  in  a closed 
vessel,  were  added  12  oz.  of  muriat  of  am- 
monia, and  3 \ pints  of  boiling  water.  The 
mixture  having  cooled,  the  clear  solution  was 
divided  into  two  equal  portions  and  separately 
distilled,  without  putting  any  water  in  the 
receiver  or  employing  pressure.  Ten  ounce 
measures  of  distilled  liquor  of  ammonia  were 
obtained  from  each  portion,  of  the  specific 
gravity  of  .954,  which  according  to  Davy’s 
tables  indicates  about  11|  per  cent,  in  weight 
of  the  pure  alkali.  The  quantity  of  lime  here 
used  is  amply  sufficient,  indeed  the  same  weight 
as  the  muriat  of  ammonia  would  be  sufficient, 
if  the  lime  is  made  from  marble  or  any  pure 
limestone,  and  thoroughly  well  burnt. 

Mr.  Dalton b has  given  a table  of  the  strength 
of  ammoniacal  solutions  somewhat  differing 
from  that  of  Davy.  The  data  which  Mr. 
Dalton  assumes,  (from  particulars  which  need 
not  be  here  enlarged  upon)  and  on  which  the 
accuracy  of  the  table  depends,  are  the  following : 

100.  water-grain  measures  of  liquid  muriatic 
acid  of  1.074  sp.  gr.  contain  11.  grains  of  real 
acid  : the  specific  gravities  of  muriatic  acid  gas 
and  ammoniacal  gas  are  in  the  respective  pro- 
portions of  1.23  and  0.6  and  11.  measures  of 
the  acid  gas  saturated  12.  measures  of  the 
ammoniacal  g?.s.  No  allowance  is  required 
for  condensation  in  constructing  the  following 
table,  it  having  been  found  both  by  Davy 
and  Mr.  Dalton,  that  when  liquid  ammonia  is 
mixed  with  water,  the  specific  gravity  is  as 
nearly  as  possible  the  mean  of  the  two.  Mr. 
Dalton’s  table  is  the  following. 


Grains  of  ammonia 

Grains  of 

Specific 

in  100  water- 

ammonia 

gravity. 

grain  measures 

in  100  grains 

of  l:quid. 

of  the  liquid. 

.85 

SO. 

35.3 

.89 

28. 

32.6 

.87 

26. 

29.9 

.88 

24. 

27.3 

.89 

22. 

24.7 

.90 

20. 

22.2 

.91 

18. 

19.8 

.92 

16. 

17.4 

.93 

14. 

15.1 

.94 

12. 

12.8 

.95 

10. 

10.5 

.99 

8. 

8.3 

.97 

6. 

6.2 

.98 

4. 

4.1 

.99 

2. 

2.0 

Analysis  of  jpnmnn'm. 

In  the  article  Ammonia  (Ohem.  Diet.)  we 
mentioned  the  experiments  of  Priestley,  Ber- 
thollet,  and  other  chemists,  which  shewed  this 
alkali  to  consist  of  azote  and  hydrogen,  in  the 
proportions  of  about  4 parts  by  weight  of  the 
former,  and  1 part  of  the  latter.  A number 
of  important  researches  have  since  been  made 
by  several  eminent  chemists,  which  require  a 
detailed  notice. 

The  fixed  alkalies  being  proved  by  Davy 
to  be  compounds  of  a peculiar  metallic  base 
and  oxygen,  it  naturally  occurred  to  this  emi- 
nent philosopher  that  the  analogy  with  the 
other  alkalies  would  infer  a similar  composition 
in  the  volatile  alkali,  which  however  seemed 
to  be  contradicted  by  the  experiments  of  Ber- 
thollet  and  Sir  H.  Davy  himself,  in  which  am- 
monia was  wholly  resolved  into  azote  and 
hydrogen,  unless  either  of  these  latter  sub- 
stances was  itself  an  oxyd  of  some  unknown 
base. 

A very  laborious  series  of  experiments  on 
the  analysis  of  ammonia  by  electricity  and  com- 
bustion with  oxygen  and  other  gasses,  has  been 
published  by  Dr.  Henry, c which  we  shall 
detail  somewhat  at  large,  on  account  of  the 
great  importance  of  the  subject,  the  admirable- 
practical  skill  and  ingenuity  with  which  the 
experiments  were  carried  on,  and  the  clear 
idea  which  it  gives  of  the  extreme  difficulty 
w-hich  exists  in  obtaining  perfectly  accurate 
results  in  these  delicate  operations,  from  a 
variety  of  causes  that  are  here  explained. 

The  first  object  is  the  apparatus.  Dr.  H. 
found  in  former  experiments  that  in  the  usual 
way  of  electrizing  gasses,  a temporary  com- 
munication is  made  with  the  atmosphere  at 
the  moment  of  the  explosion,  which  in  the 
course  of  a long  experiment  is  sufficient  to 
introduce  so  much  atmospherical  air,  as  sen- 
sibly to  affect  the  result.  The  only  unobjec- 
tionable way,  as  Dr.  H.  mentions,  is  to  inclose 
and  hermetically  seal  the  explosion  wires  in 
glass  tubes,  and  then  to  grind  away  so  much 
of  the  glass  as  will  expose  the  ends  of  the 
wives.  Those  employed  in  these  experiments 
were  of  platina,  of  an  inch  in  diameter. 

The  next  and  most  difficult  object  is  to  free 
the  ammoniacal  gas  entirely  from  waher.  The 
avidity  with  which  this  gas  retains  moisture 
is  very  remarkable.  A confined  quantity  of 
common  air  may  be  so  completely  desiccated 
in  a few  minutes  by  pure  dry  potash  or  dry 
muriat  of  lime,  that  no  ice  shall  appear  on  the 
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surface  of  the  vessel  when  exposed  to  a cold 
of — 26°.  But  ammonia  requires  exposure  du- 
ring some  hours  to  potash  to  stand  the  test 
even  of  the  temperature  of  0.  and  a single 
transfer  of  the  dried  gas  through  mercury  in 
ordinary  use,  again  communicates  moisture  to 
it.  The  gas  employed  in  these  experiments 
was  dried  by  sticks  of  pure  potash  fastened  to 
steel  wire,  so  that  they  could  be  withdrawn 
through  the  confining  mercury  when  their 
drying  action  had  ceased,  and  this  was  ascer- 
tained by  applying  ether  or  salt  and  snow  to 
the  outside  of  the  glass.  In  some  of  the 
first  experiments  Dr.  H.  found  that  though  the 
gas  thus  prepared  deposited  no  moisture  by 
cold  before  electrization,  yet  it  gave  a sensible 
quantity  afterwards;  but  on  applying  heat  just 
before  the  experiment  both  to  the  mercury  and 
the  iron  cistern  containing  it,  this  condensation  of 
moisture  after  electrization  no  longer  appeared ; 
at  least  only  in  the  slightest  possible  degree;  so 
that  it  seems  necessary  for  perfect  accuracy  to 
heat  the  mercury  and  vessels  as  well  as  to  dry 
the  gas,  and  even  to  boil  the  mercury  in  the 
tube  before  admitting  the  ammonia. 

With  these  precautions  given  quantities  of 
ammonia  were  subjected  to  long  continued 
electrization,  by  which  (as  already  mentioned 
in  our  former  article)  the  bulk  of  the  gas  is 
nearly  doubled,  and  when  no  further  increase 
takes  place,  the  residue  has  now  lost  its  alkaline 
propertied,  and  is  entirely  resolvable  into  azote 
and  hydrogen.  Dr.  Henry  found  from  the 
mean  of  six  experiments  that  100  measures  of 
pure  ammoniacal  gas  were  resolved  by  electri- 
city into  198.78  measures  of  the  mixed  gasses, 
but  the  results  of  the.  experiment  on  which  he 
placed  the  most  confidence,  on  account  of  the 
scrupulous  precautions  observed  against  the  in- 
trusion of  moisture,  gave  an  increase  of  only 
180.6  from  109  of  ammonia. 

The  proportion  of  the  hydrogen  and  azote 
to  each  other  was  ascertained  by  passing  into 
the  mixture  a known  quantity  of  oxygen  gas, 
firing  it  with  the  electric  spark,  and  estimating 
the  hydrogen  thus  consumed,  the  azote  being 
unaltered  and  constituting  the  chief  part  of  the 
residue.  In  making  this  estimation,  two  mea- 
sures of  hydrogen  are  reckoned  as  saturating 
one  measure  of  oxygen  for  the  composition  of 
water.  Even  this  part  of  the  experiment  is 
liable  to  some  inaccuracy  as  Dr.  H.  observes, 
for  it  is  necessary  to  use  a redundance  of  oxygen 
gas  to  explode  the  whole  of  the  hydrogen,  but 
it  is  by  no  means  certain  that  a small  portion 
of  the  azote  will  not  also  undergo  combustion 


into  nitric  acid  which  will  be  absorbed  by  the 
water  generated.  On  the  whole,  Dr  Henry 
estimates  the  entire  mixed  gasses  produced  by 
the  electrization  of  the  ammonia,  to  be  com- 
posed of  about  71  measures  of  hydrogen  to  26 
of  azote. 

The  extreme  labour  of  decomposing  ammo- 
nia by  mere  electricity,  led  the  author  to  at- 
tempt a shorter  mode  of  analysis.  Ammonia 
and  atmospherical  air  will  not  explode  by  the 
electric  spark  in  any  proportions,  but  Dr.  H. 
found  that  ammonia  and  oxygen  gas  when  min- 
gled in  proper  proportions,  may  be  detonated 
over  mercury  by  the  electric  spark  with  as  much 
ease  as  a mixture  of  hydrogen  and  oxygen,  and 
this  experiment  affords  a very  ready  way  of  ana- 
lyzing ammonia  with  infinitely  less  labour  than 
by  simple  electrization,  and  with  as  much  accu- 
racy, provided  proper  precautions  are  observed. 

With  a greater  proportion  of  pure  oxygen  gas 
to  ammonia  than  that  of  three  to  one,  or  of  am- 
monia to  oxygen  than  that  of  three  to  1 .1  the  mix- 
ture ceases  to  be  combustible,  but  when  the  pro- 
portions best  adapted  to  inflammation  are  used, 
the  oxygen  may  be  diluted  with  six  times  its  bulk 
of  common  air,  without  losing  its  property  of 
burning  ammonia. 

The  products  of  the  combustion  of  ammonia 
with  oxygen  vary  essentially,  according  to  the 
proportion  of  the  gasses  used.  If  the  oxygen 
gas  be  as  much  as  double  the  ammonia,  the  am- 
monia entirely  disappears,  as  well  as  the  hydrogen, 
and  the  only  residue  is  azote  with  the  excess  of 
oxygen.  The  moment  after  the  detonation,  a 
while  cloudsettles  on  the  inner  surface  of  thetube, 
which  is  too  small  for  analysis  but  is  probably 
nitrat  of  ammonia,  the  ni.ric  acid  being  formed 
by  the  oxygenation  of  a portion  of  the  azote. 
Hence  when  the  oxygen  of  the  residue  is  removed 
by  sulphuret  of  lime  or  any  other  eudiometrical 
process,  the  quantity  of  azote  remaining  is  less 
than  ought  to  be  produced  from  the  ammonia 
decomposed. 

On  the  other  hand  when  less  oxygen  is  added 
at  first  to  the  ammonia  than  is  sufficient  to  satu- 
rate all  the  hydrogen,  that  is  to  say,  when  the 
ammonia  much  exceeds  the  oxygen,  no  nitrat  of 
ammonia  appears,  the  mixture  being  free  from 
cloudiness,  and  the  mixed  gas  remaining  after 
the  first  detonation  will  completely  lose  its  hy- 
drogen by  a second  admixture  with  oxygen  and 
firing,  and  the  azote  will  remain  untouched. 

Dr.  Henry  gives  the  results  of  comparative 
experiments  in  the  two  cases,  that  is,  where  an 
excess  of  oxygen  was  first  employed;  and  where  a 
deficiency  was  used.  In  the  first  case  the  oxy- 
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gen  used  was  twice  the  measure  of  the  ammo- 
nia: the  whole  was  decomposed  by  a single  ex- 
plosion ; and  the  hydrogen  being  estimated  as 
equal  to  twice  the  bulk  of  the  oxygen  that  disap- 
peared, and  the  residuary  azote  being  measured 
after  the  removal  of  the  remaining  oxygen  by 
sulphurct  of  lime,  the  composition  of  100  mea- 
sures of  ammonia  was  estimated  to  be  8-1.29  hy- 
drogen, and  15.71  azote,  numbers  far  remote 
from  those  given  by  all  theother  modesof  analysis. 

On  the  other  hand,  when  the  ammonia  was 
fired  witha  deficiency  of  oxygengas,  63  measures 
of  the  former  were  exploded  with  33  of  oxygen 
holding  1.  of  azotic  impurity.  These  w-ere 
diminished  to  57  by  the  first  explosion,  and  no 
part  of  the  residue  was  absorbable  either  by 
water  or  by  sulphuret  of  lime,  shewing  that  the 
whole  of  the  ammonia  was  decomposed,  and 
that  all  the  oxygen  employed  had  been  con- 
sumed. The  remaining  57.  measures  (consist- 
ing of  hydrogen  and  azote)  were  detonated  with 
a further  addition  of  40.  of  oxygen,  and  the  re- 
sidue after  this  second  detonation  amounted  to 
60,  which  was  further  analyzed  by  sulphuret  of 
lime.  By  calculating  as  above,  reckoning  2 
measures  of  hydrogen  for  every  measure  of  oxy- 
gen actually  consumed,  it  appears  that  the  ori- 
ginal 63  measures  of  ammonia  furnished  by  de- 
composition 3 1. 34 of  azote  and  88.66  of  hydro- 
gen, and  hence  100.  measures  of  ammonia  would 
furnish  73.88  of  hydrogen  to  26.12  of  azote. 

Dr.  Henry  gives  the  results  of  six  experi- 
ments on  the  decomposition  of  ammonia  with  a 
deficient  proportion  of  oxygen,  but  we  must  con- 
fess that  though  they  attest  the  care  and  fidelity 
of  the  experimenter,  there  is  not  quite  sufficient 
agreement  between  them  to  lead  us  to  place  im- 
plicit confidence  in  this  mode  of  operating,  even 
in  the  most  skilful  and  practised  hands.  The 
proportion  of  permanent  gasses  to  the  ammonia 
decomposed,  (the  azote  being  actually  mea- 
sured, and  the  hydrogen  estimated  by  doubling 
the  oxygen  expended)  varies  not  inconsiderably 
in  the  six  experiments,  the  highest  being  198|, 
the  lowest  180.2  from  100  of  ammonia.  This 
shews  a correspondent  variation  of  from  66  to 
72.2  of  oxygen  required  to  saturate  all  the  hy- 
drogen of  100.  measures  of  ammonia,  a variation 
which,  however,  is  probably  net  more  than  may 
he  expected  in  the  best  conducted  experiments 
on  such  a complicated  subject  that  requires  such 
a variety  of  precautions  to  ensure  a tolerable  uni- 
formity. 

The  author  ascribes  these  variations  chiefly  to 
th«  great  difficulty  of  expelling  all  adhering 


moisture  from  every  part  of  the  materials  and 
apparatus  employed,  and  his  general  result  is 
that  the  proportion  of  oxygen  most  precisely  ne- 
cessary to  saturate  100.  measures  of  ammonia  is 
67|,  (or  100.  of  oxygen  to  148  of  ammonia) 
and  the  100  measures  of  ammonia  will  afford 
about  136  measures  of  hydrogen  and  47  of  azote. 

Dr.  Henry  also  finds  that  ammonia  will  ex- 
plode with  nitrous  oxyd  and  with  nitrous  gas. 

A series  of  experiments  on  the  decomposition 
of  ammonia  has  also  been  published  by  Mr.  A. 
B.  Berthollet,d  the  principal  object  of  them  was 
to  examine  a position  laid  down  by  Davy, 
(which  we  shall  presently  notice)  that  ammonia 
contains  about  T‘T  of  its  weight  of  oxygen.  M. 
A.  B.  Bertholiet  relates  several  experiments  re- 
lative to  the  de-oxydation  of  iron  in  ammoniacal 
gas,  and  the  decomposition  of  ammonia  by  its 
passage  through  an  incandescent  tube;  and  by 
electricity.  In  the  latter  method  he  gives  as  the 
mean  of  six  experiments,  that  1.  measure  of 
ammoniacal  gas  dilates  by  electrization  into 
2 04643  measures  of  hydrogen  and  azote. 

His  general  results  are  that  1 litre  of  ammo- 
niacal gas  is  decomposed  into  2.046  litres  of 
mixed  gas,  of  which  1.545  is  hydrogen,  and 
0.146  is  azote.  The  weight  of  this  quantity  of 
hydrogen  is  0.146  grammes , and  that  of  the 
azote  is  0.630  grammes,  amounting  in  the  whole 
to  0.776;  and  the  weight  of  a litre  of  ammonia 
is  0.775  grammes,  which  agrees  so  nearly  with 
the  former  as  to  demonstrate  (if  the  data  be  cor- 
rect) thatammonia  contains  no  oxygen,  nor  other 
constituent  part  besides  hydrogen  and  azote. 
It  must  be  observed,  however,  that  the  experi- 
ments of  this  ingenious  chemist  (now  no  more) 
do  not  appear  to  have  been  conducted  with  the 
same  scrupulous  attention  as  those  of  Dr.  Henry. 
In  particular,  the  means  used  for  depriving  the 
gas  of  moisture  vvere  not  so  carefully  attended 
to ; and  in  the  analysis  by  combustion  with 
oxygen,  an  excess  of  this  latter  gas  was  used, 
which  produced  so  much  nitric  acid  as  sensibly 
to  redden  litmus,  and  thus  to  embarrass  the  re- 
sults. The  presence  of  moisture  will  account 
ior  the  greater  expansion  by  electrization  which 
this  chemist  gives;  for  Dr.  Henry  uniformly 
found,  when  the  ammonia  was  at  the  driest,  that 
the  expansion  never  quite  doubled  the  original 
volume  of  the  ammonia. 

Mr.  Dalton  agrees  with  Sir  H.  Davy  and  Dr. 
Henry,  that  the  volume  of  ammonia  is  not 
doubled  by  decomposition,  but  that  ICO.  mea- 
sures of  ammonia  give  from  185  to  190  of  the 
mixed  gasses,  the  respective  proportions  of 
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which  are  about  28  measures  of  azote  gas  to  72  Mr.  Dalton  adds  the  following  estimation, 
measures  of  hydrogen  in  the  hundred. 

100  measures  of  ammonia  at  .6  sp.  gr,  weigh  60  grains. 

These  become  by  decomposition  185.  measures  of  mixed  gas, 

Namely  51.8  of  azote  which  at  .967  sp.gr.  weigh  50.09 
133.2  of  hydrogen  .08  10.65 


Here  the  united  weights  of  the  hydrogen 
and  azote  equal  and  a little  exceed  the  weight 
of  the  ammonia,  and  hence  this  alkali  cannot 
contain  any  other  constituent  part  than  azote 
and  hydrogen. 

Mr.  Dalton  remarks  on  the  analysis  of  ammo- 
nia by  mixture  with  oxygen  and  detonation,  that 
notwithstanding  the  elegance  and  expedition  of 
Dr.  Henry’s  method,  it  appears  probable  that  a 
compound  combustible  such  as  ammonia  is,  can 
never  be  totally  decomposed  and  one  of  its  ele- 
ments burnt,  to  the  entire  exclusion  of  the  other. 
Thus  in  a mixture  of  carbonic  oxyd  and  hydro- 
gen, phosphorus,  &c.  where  one  of  the  elements 
seizes  oxygen  with  more  rapidity  than  the  other, 
it  is  impracticable  totally  to  oxygenate  one  of 
them,  and  leave  the  other  untouched.  With 
ammonia  it  is  confessedly  so  where  an  excess  of 
oxygen  is  used,  (nitric  acid  appearing  along  with 
the  water  produced)  and  iVir.  Dalton  conceives 
that  this  is  in  some  degree  the  case  in  whatever 
proportions  they  are  fired.  On  the  whole  he 
prefers  employing  nitrous  oxyd.  When  100. 
measures  of  ammonia  are  exploded  with  120.  of 
nitrous  oxvd,  the  gasses  resulting  are  azote 
with  only  a very  small  portion  of  hydrogen.  If 
to  this  a little  hydrogen  be  added,  and  then  an 
excess  of  oxygen,  another  explosion  will  deter- 
mine the  residuary  hydrogen  before  explosion, 
which  being  deducted,  there  remain  about  172 
measures  of  azote,  120  of  which  come  from  the 
nitrous  oxyd,  and  52  from  the  ammonia,  which 
gives  after  the  rate  of  28  per  cent,  of  azote  in 
volume  on  the  evolved  gasses. 

We  now  proceed  to  the  very  interesting  re- 
searches of  Sir  H.  Davy  on  the  nature  of  am- 
monia. 

This  eminent  philosopher,  after  his  most  im- 
portant discovery  of  the  metallic  bases  of  the 
fixed  alkalies,  was  led  from  analogy  to  entertain 
the  opinion  that  ammonia  was  probably,  like  the 
ether  alkalies,  a compound  of  some  peculiar 
metallic  base  and  oxygen,  and  some  experiments 
on  the  decomposition  of  ammonia,  gave  him 
reason  to  suppose  that  the  hydrogen  and  azote 
evolved,  were  less  than  the  entire  weight  of  the 


60.71 


alkali  by  about  T'T,  which  eleventh  part  he 
concluded  was  the  oxygen  of  the  ammonia. 
This  opinion,  however,  has  been  satisfactorily 
refuted  by  the  laborious  researches  of  Henry 
and  Berthollet,  just  described;  so  that  when 
ammonia  is  decomposed  simply  into  hydrogen 
and  azote,  it  appears  that  the  united  weights  of 
these  two  elements  equal  the  weight  of  the  am- 
monia decomposed  with  as  much  accuracy  as- 
can  be  ever  expected  from  such  delicate  expe- 
riments. This  part  of  the  controversy  therefore 
seems  to  be  put  at  rest,  but  another  and  highly 
curious  set  of  phenomena  happened  to  be  dis- 
covered at  the  same  time,  which  deserves  par- 
ticular notice. 

Dr.  Seebeck,  of  Jena,  discovered  in  1S08,  that 
when  solid  carbonat  of  ammonia  is  slightly 
moistened  and  placed  in  contact  with  mercury, 
and  the  whole  connected  with  the  Voltaic  bat- 
tery so  that  the  mercury  communicates  with  the 
negative  pole  and  the  salt  with  the  positive  pole, 
the  mercury  speedily  becomes  as  soft  as  butter, 
expands  in  bulk,  and  has  all  the  appearance  of  an 
amalgam . This  when  thrown  into  water  effer- 
vesces strongly,  the  water  becomes  ammoniacal 
and  the  mercury  r«turns  to  its  original  state.  This 
experiment  was  repeated  by  Dr.  Pontin  and 
Professor  Berzelius  with  some  variation,  and  by 
them  communicated  to  Sir  H.  Davy/  who  imme- 
diately pursued  the  subject  with  his  accustomed 
skill  and  ingenuity.  His  principal  experiments 
are  the  following  : a cavity  was  made  in  a piece 
of  muriat  of  ammonia,  and  into  this  a large  glo- 
bule of  mercury  Was  introduced.  The  muriat 
was  slightly  moistened  and  placed  on  a plate  of 
platina,  which  was  made  positive  in  the  circuit 
of  the  large  battery.  The  quicksilver  was  made 
negative  by  means  of  a platina  wire.  A strong 
effervescence  immediately  took  place,  the  globule 
in  a few  minutes  enlarged  to  five  times  its  for- 
mer dimensions,  and  metallic  crystallizations 
shot  from  it  as  a centre  round  the  body  of  the  salt, 
which,  when  accidentally  broken  off  from  the 
mass,  rapidly  disappeared,  emitting  ammoniacal 
fumes  and  reproducing  mercury. 

When  a piece  of  moistened  carbonat  of  am- 
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monia  was  used,  the  appearances  were  the 
same,  but  a black  matter  formed  in  the  cavity, 
apparently  carbon. 

It  then  occurred  to  Sir  H.  Davy  that  the  strong 
deoxydating  power  of  potassium  or  of  sodium, 
might  be  made  to  produce  the  same  effect  on 
the  ammoniacal  salt  without  the  intervention 
of  any  galvanic  apparatus.  Accordingly  a 
small  portion  of  potassium  was  dropped  into 
the  globule  of  mercury  contained  in  the  moist- 
ened cavity  of  the  lump  of  muriat  of  ammonia, 
tmd  immediately  without  any  further  apparatus, 
the  mercury  enlarged  as  before  to  six  or  seven 
times  its  bulk,  and  the  same  amalgam  was 
formed,  with  this  slight  difference  however,  that 
it  appeared  to  be  more  permanent,  and  to  retain 
a portion  of  the  potassium  used. 

This  ammoniacal  amalgam  at  the  tempera- 
ture of  70*  or  80°  is  of  the  consistence  of  butter, 
at  the  freezing  point  it  crystallizes  into  small 
undefined  brilliant  facets.  When  exposed  to 
the  air  it  soon  becomes  covered  with  a white 
crust  of  carbonat  of  ammonia.  When  thrown 
into  water  it  produces  about  half  its  bulk  of 
hydrogen,  and  returns  to  the  state  of  running 
mercury,  the,  water  becoming  ammoniacal. 
When  thrown  into  muriatic  acid  gas,  it  instantly 
becomes  coated  with  muriat  of  ammonia,  and 
some  hydrogen  is  disengaged.  In  sulphuric 
acid  it  becomes  coated  with  sulphat  of  ammonia 
and  sulphur. 

The  physical  properties  of  this  amalgam  are 
very  curious.  The  mercury  appears  to  gain 
no  more  than  about  -j-^ooth  °f  ds  weight  of 
new  matter,  but  is  thereby  rendered  solid,  has 
its  specific  gravity  diminished  from  13.5  to  less 
than  3.  and  retains  its  metallic  colour,  lustre, 
opacity,  and  conducting  power. 

Sir  H.  Davy  made  many  attempts  to  obtain  a 
peculiar  metallic  substance  from  this  amalgam, 
by  distillation,  out  of  the  contact  of  air,  and 
thus  to  exhibit  the  supposed  basis  of  ammonia 
( or  Ammonium ),  in  a separate  state.  But 
all  these  attempts  failed,  for  under  every  cir- 
cumstance the  amalgam,  when  heated,  gave 
out  hydrogen  and  ammonia,  and  the  mercury 
returned  to  its  former  state.  In  the  most  accu- 
rate experiments  the  proportions  of  these  two 
gasses  evolved  were  two  of  ammonia  and  one 
of  hydrogen. 

The  nature  of  this  amalgam  is  stiff  very 
obscure,  and  much  difference  of  opinion  pre- 
vails on  this  subject  among  chemists.  As  it 
seems  well  ascertained  that  ammonia  is  re- 
solvable solely  into  azote  and  hydrogen,  it  fol- 


lows, that  if  ammonia  is  really  an  oxyd  of 
some  metallic  base,  azote  and  hydrogen,  or  one 
of  them,  must  also  be  oxyds  of  some  hitherto 
unknown  substance,  and  this  idea  has  been 
adopted  by  M.  Berzelius,  in  his  elaborate  ana-- 
lytical  researches,  who  supposes  both  hydrogem 
and  azote  to  be  oxyds  of  ammonium- in  different 
proportions.  But  when  the  ammoniacal  amal- 
gam is  distilled,  hydrogen  and  ammonia  both 
appear,  and  the  source  of  the  hydrogen  remains 
to  be  accounted  for.  This  Sir  H.  Davy  does, 
by  supposing  that  as  the  amalgam  is  formed 
from  moist  substances,  sufficient  water  adheres 
to  it  to  afford  oxygen  by  its  decomposition, 
whilst  its  hydrogen  unites  with  the  amalgam. 
Nevertheless  an  excess  of  hydrogen  is  always 
produced  in  the  distillation  of  the  amalgam, 
even  where  the  most  scrupulous  care  is  taken 
to  exclude  moisture. 

Before  we  proceed  with  the  other  decom- 
positions of  ammonia,  we  shall  relate  the  expe- 
riments of  Messrs.  Gay  Lussac  and  Thenard, 1 
on  the  ammoniacal  amalgam,  in  which  they 
have  repeated  the  experiments  of  Seebeck  and 
Davy,  and  have  added  other  interesting  facts. 
They  observe  that  when  the  amalgam  is  formed 
by  the  agency  of  galvanic  electricity  upon 
mercury  in  contact  with  moistened  muriated 
ammonia,  the  acid  of  the  salt  and  the  oxygen 
of  the  water  are  carried  to  the  positive  pole, 
round  which  a dense  and  suffocating  vapour  of 
oxymuriatic  acid  collects.  On  the  other  hand, 
little  or  no  gas  of  any  kind  escapes  at  the  nega- 
tive pole;  but  if  the  mercury  is  removed,  then 
the  effervescence  is  equally  great  at  this  pole 
also  ; from  which  they  infer  that  the  mercury 
simply  absorbs  the  gas  that  would  otherwise 
have  escaped,  and  forms  the  amalgam.. 

When  this  amalgam  is  well  dried  and  inclosed 
in  a dry  bottle  of  common  air,  and  simply  shaken 
for  a few  minutes,  it  is  entirely  decomposed, 
running  mercury  is  produced,  and  hydrogen 
and  ammoniacal  gas  are  found  mixed  with  the 
air  of  the  bottle,  which  is  no  way  altered  when 
examined  by  Volta’s  eudiometer.  Hence  it 
appears  that  this  amalgam  can  only  exist  under 
the  electric  influence,  and  as  soon  as  this  is 
destroyed  by  agitation,  it  returns  to  its  ele- 
mentary state.-  The  amalgam  made,  in  Davy’s 
method  by  mercury,  potassium,  and  muriat  of 
ammonia,  without  the  agency  of  electricity, 
is-  more  permanent,  and  remains  in  this  stater 
as  long  as  it  contains  any  potassium,  but  as 
soon  as  this  is  destroyed  the  amalgam  is  sud- 
denly broken  up.  A quantity  of  this  amalgam. 
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was  made,  and  the  outer  crust  being  removed 
by  a knife,  some  of  the  inner  part  was  taken  up 
by  a dry  iron  spoon,  and  put  into  a very  dry 
glass  tube  inverted  over  mercury  that  had  just 
been  boiled.  The  tube  being  closed  with  a 
dry  stopper  was  gently  shaken,  the  amalgam 
was  speedily  decomposed,  and  a considerable 
quantity  of  gas  was  generated,  consisting  of 
ammonia  and  hydrogen  in  the  proportion  of 
about  2f  to  I.  The  authors  say  that  it  is  im- 
possible that  any  moisture  should  here  be  pre- 
sent, since  this  is  incompatible  with  potassium, 
and  hence  it  appears  that  the  amalgam  cannot 
contain  any  basis  of  ammonia  (supposing  the 
alkali  itself  to  be  an  oxyd  of  some  unknown, 
basis)  since  there  is  no  obvious  source  from 
which  this  basis  could  abstract  oxygen  when  the 
ammonia  is  regenerated.  The  authors  endea- 
voured to  ascertain  the  respective  quantities  of 
ammonia  and  of  hydrogen  given  out  during  tlie 
decomposition  of  the  amalgam,  and  they  found 
that  the  mercury  of  the  amalgam  gave  about 
*.47  times  its  volume  of  hydrogen,  and  4.22 
of  ammonia,  which  together  made  to»Voo’  °f 
the  weight  of  the  mercury. 

On  the  action  of  Potassium  on  Ammonia. 

When  potassium  is  fused  in  ammoniacal 
gas,  s it  is  gradually  changed  into  a very  fusible 
olive-green  substance,  the  ammonia  disappears 
entirely,  and  part  of  the  space  which  it  occu- 
pied is  filled  with  a quantity  of  hydrogen  ex- 
actly equal  to  that  which  the  potassium  em- 
ployed would  have  given,  if  thrown  into  water. 
This  experiment  may  be  performed  in  a bent 
tube  over  mercury,  but  care  must  be  taken  to 
shake  off  every  particle  of  mercury  from  the 
potassium  before  it  is  deposited  in  the  bend  of 
the  tube.  Heat  is  then  applied  by  a spirit 
lamp,  and  soon  the  potassium  melts  and  be- 
comes covered  with  a thin  crust  which  directly 
after  disappears,  leaving  the  surface  very  bril- 
liant, in  a few  seconds  much  ammonia  is  ab- 
sorbed, and  the  olive-green  substance  is  pro- 
duced. By  using  sufficient  ammonia  all  the 
potassium  is  changed  to  this  olive-green  matter. 
The  quantity  of  ammonia  absorbed  varies  from 
less  than  100  to  ISO  times  the  bulk  of  the  po- 
tassium, according  to  the  heat  employed. 
This  olive-green  substance  is  opake,  and  heavier 
than  water,  when  heated  it  melts  and  disen- 
gages ammonia,  hydrogen,  and  azote,  and  then 
solidifies,  still  retaining  its  green  colour.  When 
exposed  to  the  air  at  a common  temperature, 
it  gradually  changes  to  ammonia  and  potash. 
When  thrown  into  a heated  crucible  it  suddenly 


inflames.  It  burns  rapidly  when  heated  in 
oxygen  gas.  In  water  it  heats  and  is  immedi- 
ately decomposed  into  potash  and  ammonia. 
The  same  effect  takes  place  with  acids.  When 
heated  with  most  of  the  metals,  particularly  the 
easily  fusible  ones,  azote,  ammonia,  and  some- 
times hydrogen  are  disengaged,  and  an  alloy 
of  potassium  with  the  metal  used  is  obtained. 
M.  M.  Gay  Lussac  and  Thenard  examined 
with  much  care  the  effects  produced  by  the 
application  of  different  degrees  of  heat  to  this 
olive-green  matter.  The  potassium  was  first 
put  into  a glass  vessel  with  a certain  quantity 
of  pure  hydrogen,  to  preserve  the  potassium 
from  the  contact  of  the  mercury  by  which  it 
was  confined.  Some  pure  ammoniacal  gas  was 
then  added,  and  the  whole  was  heated  till  the 
olive-green  matter  was  produced,  and  when 
cold  the  absorption  of  ammonia  was  ascertained. 
The  olive-green  matter  was  then  heated  gradu- 
ally to  redness  in  the  same  vessel,  without  being 
removed,  when  it  melted,  boiled,  and  -finally 
became  solid  again,  blackish,  and  was  no  longer 
fusible.  The  remaining  ammonia  was  then 
absorbed  by  water,  and  the  a£ote  and  hydrogen 
analyzed  in  Volta’s  eudiometer.  The  general 
results  of  several  experiments  at  different  de- 
grees of  heat  was,  that  as  soon  as  the  heat  is 
sufficient  to  melt  the  olive-green  matter,  it 
begins  to  give  out  gas;  that  as  long  as  the 
heat  does  not  quite  reach  a cherry  red,  the 
gas  is  only  ammonia  ; but  by  raising  the  heat 
to  low  redness,  much  hydrogen  and  azote  be- 
come mixed  with  the  ammonia  given  out ; and 
at  a higher  heat,  the  gas  becomes  entirely  hy- 
drogen and  azote,  in  the  proportions  of  three 
to  one,  that  is,  in  which  they  constitute  ammo- 
nia ; but  however  long  the  heat  is  continued, 
no  more  than  about  three-fifths  of  the  quantity 
of  gas  originally  absorbed  by  the  potassium 
is  expelled,  so  that  it  doe9  not  return  to  the 
state  of  potassium,  but  to  a blackish  infusible 
compound. 

When  this  olive-green  matter  is  confined 
over  mercury  and  a drop  of  water  is  let  up 
to  it,  much  heat  is  excited,  and  a good  deal  of 
gas  generated.  By  carefully  adding  water  as 
long  as  any  gas  is  generated,  and  assisting’  the 
process  by  a gentle  heat,  the  whole  is  converted 
into  a lump  of  moist  solid  potash  and  pure 
ammoniacal  gas  ; and  it  was  found  that  the 
ammonia  obtained  was  almost  equal  to  that 
which  had  been  originally  absorbed  by  the 
potassium,  during  its  conversion  into  the  olive- 
green  matter,  the  slight  difference  in  quantity 
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being  attributed  to  the  ammonia  absorbed  by  the 
moistened  potash. 

Sir  H.  Davy  has  also  made  a number  of  expe- 
riments on  this  singular  compound  with  results 
some  of  which  agree  with  those  of  Messrs.  Gay 
Lussac  and  Thenard,  and  others  differ  from 
them.  Some  of  these  we  shall  mention,11  par- 
ticularly the  properties  of  the  residuum  of  the^ 
olive-green  substance  after  it  has  been  heated  to 
redness. 

Its  colour  is  black  and  in  lustre  it  resembles 
plumbago.  It  is  opake,  and  brittle.  It  is  a 
conductor  of  electricity.  It  does  not  fuse  at  a 
low  red  heat,  but  gives  out  a dark  coloured 
sublimate.  When  exposed  to  the  air  at  a com- 
mon temperature  it  usually  takes  'fire  imme- 
diately and  burns  with  a deep  red  light.  When 
it  is  acted  upon  by  water  it  heats,  effervesces 
violently,  and  is  resolved  into  ammonia  and 
potash,  with  a little  inflammable  gas.  It  has  no 
action  upon  quicksi'ver.  It  combines  with 
sulphur  and  phosphorus  by  heat,  and  these 
compounds  when  wetted  inflame  and  give  out, 
the  one  sulphuretted,  and  the  other  phosphu- 
retted  hydrogen  gas. 

On  distilling  this  substance  in  a tube  of 
wrought  platina  in  a very  intense  heat,  potash 
was  found  with  a quantity  of  potassium  in  the 
tube,  and  the  gas  was  hydrogen  with  only  a 
small  proportion  of  azote. 

The  remarkable  circumstance  of  this  experi- 
ment is  the  deficiency  of  azote,  this  substance 
being  in  much  less  proportion  than  is  required 
to  constitute  ammonia  if  the  analysis  of  this 
alkali  by  electricity  be  at  all  correct. 

After  all  that  has  been  done  on  the  analysis 
of  ammonia,  no  satisfactory  proof  has  yet  been 
given  that  it  can  be  decomposed  into  any  other 
elements  than  azote  and  hydrogen. 
AMMONIAC.  (Gum.) 

This  gum  has  been  examined  by  M.  Bracon- 
not.*  Exposed  to  a very  gentle  heat  it  loses  6 
per  cent,  of  its  weight  of  mere  moisture.  Dis- 
tilled per  se,  it  yields  half  its  weight  of  a brown 
empyreumatic  oil  containing  ammonia.  The 
coal  contains  phosphat  and  carbonatof  lime. 

Twenty  five  grammes  of  gum  ammoniac  were 
boiled  with  alcohol.  The  whole  was  dissolved 
except  5.8  grammes,  and  the  solution  remained 
clear  on  cooling.  The  insoluble  portion  was 
heated  with  water  and  the  greater  part  dissolved, 
leaving  however  a grey  glutinous  mass  insoluble 
both  in  water  and  spirit  of  wine. 

The  watery  solution  left  a gum  on  evapora- 
tion, which  was  transparent,  reddish  yellow, 
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slightly  bitter,  and  brittle:  water  easily  dissolves 
it.  It  is  abundantly  precipitated  by  Goulard’s 
extract,  (but  net  by  the  acetite  of  lead)  and  only 
very  partially  by  the  nitrats  of  mercury  and  of 
lead.  Lime  water  does  not  alter  the  solution,  but 
oxalat  of  ammonia  separates  some  oxalat  of  lime. 

The  resin  produced  by  the  evaporation  of 
the  alcoholic  solution  of  gum  ammonia  is  red- 
dish yellow,  transparent,  brittle,  but  easily 
softens  between  the  fingers.  It  has  no  tasle. 
It  unites  with  the  alkalies  with  ease,  even  with- 
out heating,  and  the  result  is  a saponaceous 
bitter  solution. 

Sulphuric  acid  dissolves  the  resin  quietly  in 
the  cold,  and  the  solution  is  separated  by  water. 

When  nitric  acid  is  heated  on  this  resin,  it  is 
suddenly  decomposed  with  much  red  vapour. 
On  evaporating  the  liquor  to  dryness  a bitter 
resin  is  obtained  which  melts  at  a low  heat, 
unites  to  alkalies,  dissolves  in  alcohol  and  in 
water,  and  precipitates  in  part  from  the  latter  if 
it  has  been  used  boiling.  Cold  water  also  dis- 
solves much  of  this  bitter  resin,  giving  a very 
beautiful  yellow  colour  that  stains  the  fingers 
strongly,  and  fixes  itself  easily  and  most  firmly 
to  silk  and  wool,  so  as  to  become  unalterable  by 
oxymuriatic  acid,  and  even  by  alkalies  if  weak. 

Gum  ammoniac  contains  18.4  per  cent,  of 
gum  •,  70.  of  resin  ; 4.4  of  matter  resembling 
gluten  ; and  6 of  moisture. 

AMPHIBOLE. 

At  the  end  of  the  article  of  Strahlstein  it  is 
remarked  that  a strong  analogy  subsists  between, 
the  several  varieties  of  Hornblende,  Actynolite, 
Tremolite,  and  Asbestus.  M.  Hatty  has  since, 
in  his  Tableau  eornparatif,  entered  into  an  in- 
teresting discussion  of  this  question,  and  from 
crystal lographical  resemblances,  aided  by  the 
results  of  recent  chemical  analysis,  has  arranged 
them  in  the  following  manner. 

The  Labrador  Hornblende  forms  a species  by 
itself,  under  the  name  Hyperstene.  - The  re- 
splendent Hornblende  (Schillerspath  or  Bron- 
zite)  forms  a variety  of  Diaelage,  the  vietal- 
loide.  A few  of  the  Strahlsteins  constitute  the 
species  Epidote,  (Thallite  ofKarsten)  the  re- 
mainder of  the  Hornblendes  and  Strahlstei^,  and 
all  the  Tremolites  are  included  under  the  species 
Amphibole.  Asbestus  for  the  present  ranks  as 
a distinct  species,  but  M.  Hauy  cites  with  evi- 
dent favour  the  opinion  of  Cordier,  who  is  for 
including  it  under  Amphibole. 

The  following  are  the  essential  crystallogra- 
phical  characters  of  amphibole.  Its  primitive 
crystalline  form  is  an  oblique  rhomboidal  prism,, 

* An.  Chem.  tom.  68. 
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the  lateral  planes  of  which  unite  under  angles 
alternately  of  J24°  34'  and  35°  26':  and  the 
ratio  between  the  heighth  of  the  prism  and  the 


diagonal  passing  through  the  obtuse  angles  of 
the  summit  is  nearly  as  one  to  four. 


The  following  are  some 

of  the  most  recent 

analyses. 

Basaltic  Hornbl. 

Crystall  H.  from  Cape  de  Gate, 

Lamellar  Hornbl.  Actynolite  of  Zillerthal, 

by  Klapr. 

by  Laugier. 

by  Klapi 

by  Laugier. 

47. 

42. 

• 42. 

50.  Silex 

8. 

9.8 

11. 

9.75  Lime 

g 

10.9 

0. 

19.25  Magnesia 

26. 

7.69 

12. 

0.75  Alumine 

15. 

22.69 

32. 

11.  Oxide  of  Iron 

1.15  Oxide  of  Manganese 

5.  Oxide  of  Chrome 

98. 

94.23 

97. 

95.75 

Fibrans  Tremolite, 

Comm.  T r. 

Grey  Tremolite, 

Baikalite, 

by  Klapr. 

by  Lowitz. 

by  Laugier. 

by  Lowitz. 

65.  

52. 

50. 

— 44.  Silex 

18. 

20. 

18. 

20.  Lime 

10.33 

12. 

25. 

30.  Magnesia 

0.16 

0. 

0. 

6.  Oxide  of  Iron 

6.5  

5.  — — • Water  and  Carbonic 

12. 

Carbonate  of  Lime 

99.99 

96. 

98. 

100 

ANALCIME.  Cubic 

Zeolite  J. 

Wurfel  Var. 

1.  Sarcolite 

Z eolith  W. 

It  occurs  limpid,  or  greyish-white  ; is  amor- 
phous, mammillated,  radiated,  or  crystallized. 
Its  form  is  a cube  either  perfect  or  with  similar 
modifications  round  all  the  solid  angles,  pro- 
ducing symmetrical  varieties  that  distinguish  it 
from  other  species  with  which  it  might  be  con- 
founded. It  has  rarely  any  natural  joints  visible, 
hence  its  fracture  is  compact  conchoidal.  It 
varies  from  translucent  to  transparent 5 usually 
scratches  glass,  sp.  gr.  2.0. 

Before  the  blowpipe  it  intumesces  like  borax 
and  melts  into  a glass,  emitting  at  the  same  time 
a phosphoric  light.  It  is  composed  according 
to  Vauquelin,  of 

58.  Silex 
18.  Alumime 
2.  Lime 
10.  Soda 


Colour  flesh  red,  opake,  somewhat  softer  than 
the  preceding : consists,  according  to  Vauquelin, 
of 

50.  Silex 
20.  Alumime 
4.25  Lime 
4.23  Soda 
20.  Water. 


98.5 

1.5 


Loss 


8.5  Water 


96.5 

0.0  Loss 


Analcime  occurs  chiefly  in  the  glands  of 
amygdaloid,  and  other  trap  rocks. 

ANALYSIS  of  VEGETABLE  an d ANI- 
MAL MATTER. 

In  an  interesting  memoir  on  this  subject 
by  Messrs.  Gay  Lussac  and  Thenard,1  these 
chemists  shew  the  great  difficulties  and  the 
many  causes  of  inaccuracy  that  attend  the  usual 
modes  of  analyzing  vegetable  and  animal  matter, 
and  describe  a new  method  of  proceeding,  by 
which  they  consider  that  they  have  been  able  to 
combine  the  carbon  and  hydrogen  with  the  ut- 

8 Reeherche$,  &c.  tom.  2. 
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most  quantity  of  oxygen  with  which  they  can 
unite,  and  thus  by  proper  data  to  estimate  the 
proportion  of  these  constituent  parts,  and  of 
oxygen,  existing  in  the  substance  analyzed. 
The  substance  selected  to  oxygenate  these  ele- 
ments is  the  oxymuriat  of  potash,  and  the  mat- 
ter to  be  analyzed  is  mixed  with  this  salt  and 
deflagrated  in  an  apparatus  contrived  for  the 
purpose,  consisting  of  a thick  glass  tube  set  ver- 
tically in  a fire  with  a lateral  tube  to  conduct  the 
generated  gasses  to  a mercurial  trough,  and  a 
cock  above,  the  stopper  of  which  is  not  perfo- 
rated, but  contains  a small  depression,  into  which 
a portion  of  the  material  to  be  analyzed  is  put, 
and  by  turning  the  cock  downwards,  this  portion 
falls  into  the  heated  tube,  and  there  deflagrates. 
The  proportion  of  the  oxymuriat  requisite  to 
burn  completely  the  substance  analyzed  is  found 
by  previous  trials  in  an  open  crucible,  so  much 
of  the  salt  being  required,  that  the  residue  after 
deflagration  shall  be  quite  white,  or  at  least  not 
carbonaceous ; and  in  the  actual  experiment  a 
considerable  excess  of  the  oxymuriat  is  em- 
ployed. The  materials  are  then  accurately 
weighed  (after  being  long  dried  at  a boiling- 
water  heat)  and  mixed  in  a mortar  with  a little 
water  to  an  adhesive  mass,  which  is  divided  by 
being  thrust  into  a brass  mould,  and  the  pieces 
are  rolled  up  by  the  fingers  into  little  balls  that 
they  may  drop  clean  from  the  stopper  of  the 
cock  down  into  the  deflagrating  tube.  These 
balls  are  again  dried  at  the  same  heatbefore  using. 

The  oxymuriat  of  potash  is  previously  ana- 
lyzed by  itself  in  a proper  apparatus  to  ascertain 
the  proportion  of  oxygen  which  it  furnishes,  and 
to  ensure  an  uniformity  in  this  agent  a consi- 
derable quantity  of  the  salt  is  fused  and  then  rub- 
bed to  powder  by  itself  and  kept  for  use.  If  the 
substance  to  be  analyzed  is  a vegetable  acid,  it 
is  combined  with  lime  or  barytes  before  mixture 
with  the  oxymuriat  ; and  this  calcareous  or  ba- 
rytic  salt  is  separately  analyzed,  and  the  carbo- 
nic acid  that  remains  united  with  the  earth  after 
deflagration  is  properly  estimated. 

The  earthy  or  other  incombustible  matter  be- 
longing to  the  substance  to  be  examined  is  also 
separately  estimated  by  calcining  this  substance 
by  itself  in  a platina  vessel  and  lixiviating  the 
residue.  The  author  gives  at  length  all  the  pre- 
cautions required  in  the  management  of  the  ap- 
paratus, both  in  preparing  for  the  deflagration 
and  in  the  estimation  of  the  gasses  produced. 
These  last  are  supposed  to  be  only  carbonic 
acid,  azote,  and  oxygen,  the  quantity  of  the 
oxymuriat  being  more  than  sufficient  to  convert 
into  water  all  the  hydrogen  of  the  substance 
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analyzed.  The  probability  of  a little  carbt;- 
retted  hydrogen  that  may  have  escaped  combus- 
tion is  also  acknowledged,  and  some  allowance 
is  made  for  it  though  apparently  not  in  a very 
accurate  way.  The  examination  of  the  gasseous 
products  of  the  deflagration  is  therefore  thus 
conducted  : 200  measures  of  the  gas  (standing 
over  mercury)  are  added  to  40  measures  of  pure 
hydrogen,  and  detonated  by  the  electric  spark. 
By  this  means  the  excess  of  oxygen  is  separated 
in  the  form  of  water,  and  the  quantity  of  this 
excess  is,  of  course,  one  third  of  the  volume  of 
the  entire  absorption  after  the  electrization. 
The  carbonic  acid  is  absorbed  by  potash,  and 
the  residue  is  further  examined  for  oxygen  by 
the  same  means,  and  the  ultimate  residue  is  con- 
sidered as  azote.  The  data  therefore  from 
which  the  results  of  the  analysis  are  made  out 
are  these  : the  proportion  of  combustible  mat- 
ter in  the  substance  examined  is  previously  found 
by  calcination  of  another  portion  of  the  same  ; 
the  actual  quantity  of  oxygen  employed  in  the 
deflagration  is  known  by  that  of  the  oxymuriat 
used  ; the  carbonic  acid  is  absorbed  by  potash 
and  its  carbon  estimated;  the  excess  of  oxygen 
is  found  by  subsequent  detonation  with  hydro- 
gen; the  hydrogen  of  the  substance  is  presumed 
to  form  water  with  all  the  oxygen  unaccounted 
for  ; and  the  azote  exists  in  the  residual  azotic 
gas. 

Fifteen  vegetable  substances  were  analyzed  in 
this  way,  the  particulars  of  some  of  which  we 
shall  give,  and  the  results  of  the  whole  at  the 
end  of  this  article. 

Sugar.  1000  parts  of  white  sugar  candy,  ex- 
posed for  many  hours  to  a boiling  water  heat, 
lost  only  8 parts  of  moisture.  Some  of  the 
same  sugar  when  calcined  left  only  y-j-T  of  resi- 
due. The  quantities  used  for  the  experiment 
were  300  parts  of  sugar  (exclusive  of  the  mois- 
ture and  insoluble  residue)  and  7 times  as  much 
oxymuriat  of  potash,  the  oxygen  of  which  was 
G27  parts  (by  weight).  This  oxygen  was  re- 
covered, all  but  twro  parts,  in  419.0  parts  of  car- 
bonic acid  containing  322  of  oxygen,  and  in  an 
excess  of  303.  of  oxygen  discovered  by  detona- 
tion with  hydrogen.  Therefore  the  300  of 
sugar  had  in  fact  only  consumed  322  of  oxygen, 
all  of  which  went  to  form  carbonic  acid,  of 
which  the  carbon  was  127.4;  and  as  no  other 
product  from  the  sugar  but  carbonic  acid  and 
water  appeared,  it  would  follow  that  sugar  is 
composed  of  42.47  per  cent,  of  carbon,  and 
57.53  of  water,  either  as  such,  or  of  oxygen  and 
hydrogen  in  the  exact  proportions  required  to 
form  water. 
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Gum  Arabic , Starch , Sugar  of  Mill:,  Oak 
and  Beech  Wood,  all  agree  with  sugar  in  being 
composed  merely  of  carbon,  and  of  oxygen  and 
hydrogen  in  the  proportions  required  to  form 
water. 

Mucous  Acid.  This  acid  was  prepared  by 
heating  sugar  of  milk  with  nitric  acid.  The 
solution  soon  became  turbid,  and  much  mucous 
acid  was  deposited,  which  was  well  washed  and 
dried  in  a boiling-water  heat.  This  acid  left  no 
residue  whatever  after  calcination.  On  defla- 
grating a given  portion  of  it  with  four  times  its 
weight  of  oxygen  in  the  above-mentioned  appa- 
ratus, and  estimating  the  oxygen  and  carbonic 
acid  of  the  product,  a considerable  excess  of 
oxygen  above  the  quantity  required  to  form 
water  with  the  hydrogen  of  the  mucous  acid 
was  found,  and  hence  the  acid  is  considered  as 
composed  of  carbon,  water,  and  oxygen  in 
excess. 

Oxalic  Acid.  This  acid  was  not  mixed  im- 
mediately with  the  oxymuriat  of  potash,  but  was 
first  combined  with  lime  (by  being  saturated 
with  ammonia  and  precipitated  by  muriat  of 
lime)  and  the  dried  oxalat  of  lime  was  calcined 
by  itself  in  a platina  crucible,  and  thus  found  to 
consist  of  61.34.5  of  acid  and  3 8.655  of  lime. 

A given  portion  of  the  oxalat  of  lime  was  then 
deflagrated  in  the  usual  way  with  If  its  weight 
of  the  oxymuriat,  and  the  results  analyzed  as  be- 
fore, but  as  a portion  of  the  carbonic  acid  was 
retained  in  the  deflagrating  tube  united  with  the 
lime  and  muriat  of  potash,  this  was  separately 
analyzed  by  muriatic  acid  and  the  carbonic  acid 
expelled. 

Tartareous  Acid.  This  acid  was  extracted 
in  the  usual  way  from  tartrite  of  lime  by  sul- 
phuric acid,  but  as  it  still  retained  a little  of  this 
latter  acid  even  after  repeated  crystallization,  it 
was  dissolved  in  water  and  boiled  with  powdered 
litharge  added  gradually  till  the  liquor  no  longer 
precipitated  nitrat  of  barytes,  by  which  means 
all  the  sulphuric  acid  was  got  rid  of.  The  lead 
in  solution  was  then  separated  by  a current  of 
sulphuretted  hydrogen  gas,  and  the  clear  liquid 
when  evaporated  gave  pure  tartareous  acid.  It 
was  found  impracticable  however  to  make  it  into 
balls  wnth  oxymuriat  of  potash  and  water,  as  it 
deliquesced  instantly  on  exposure  to  air. 

The  acid  was  therefore  combined  with  lime, 
the  tartrite  of  lime,  dried  at  212°,  was  found  by 
calcination  to  consist  of  77.577  of  acid  and 
22.423  of  lime,  and  this  was  further  analyzed 
in  the  same  manner  as  the  oxalic  acid. 

Citric  Acid.  This  was  analyzed  exactly  as 


the  preceding  acid.  The  citrat  of  lime  consisted 
of  68.83  of  acid  and  31.17  of  lime. 

Acetic  Acid.  The  acid  here  employed  was 
first  expelled  from  acetite  of  potash  by  sulphuric 
acid,  and  then  heated-with  an  excess  of  carbonat 
of  barytes  and  the  acetite  of  barytes  evaporated 
and  dried.  But  as  this  acetite  could  not  be  ana- 
lyzed by  simple  calcination,  (no  continuance  of 
heat  being  able  to  expell  from  the  barytes  all  the 
carbonic  acid  formed  by  the  combustion  of  the 
acetous)  30  grammes  of  the  acetite  were  de- 
composed by  sulphat  of  ammonia,  and  the  sul- 
phat  of  barytes  was  transferred,  while  still  wet, 
to  a platina  crucible,  and  gradually  ignited,  till 
all  the  sulphat  and  acetite  of  ammonia  adhering 
to  it  were  expelled,  and  the  sulphat  of  barytes  re- 
mained pure.  It  weighed  25.443  grammes  and 
contained  67  per  cent,  of  barytes;  and  from 
these  data  acetite  of  barytes  dried  at  212°.  con- 
sists of  43.17  acid  and  56.83  barytes.  This- 
acetite  was  then  deflagrated  as  the  last,  and  the 
results  examined. 

All  the  acids  here  examined  contained  a 
notable  excess  of  oxygen,  as  will  be  seen  in  the 
tabular  statement  at  the  end  of  this  article. 

Resin  of  Turpentine , or  Common  Rosin. 
This  was  simply  mixed  with  12  times  its  weight 
of  the  oxymuriat  and  deflagrated  in  the  appa- 
ratus. Scarcely  any  carburetted  hydrogen  w as- 
produced  by  the  combustion,  but  carbonic  acid, 
and  much  water,  which  last  when  collected  and 
examined  was  neither  acid  nor  alkaline,  and  the 
residue  in  the  tube  was  pure  muriat  of  potash. 
The  large  quantity  of  water  produced  indicated 
a proportional  excess  of  hydrogen  in  the  resin, 
so  that  by  the  usual  mode  of  estimation  this 
resin  contained  carbon,  oxygen  and  hydrogen  in 
the  proportions  for  constituting  water,  and  an 
excess  of  hydrogen. 

Copal , fVax,  and  Olive  Oil,  were  analyzed 
in  the  same  manner,  some  little  difference  being 
observed  in  the  manipulation  of  mixing  them 
with  the  oxymuriat. 

From  the  analysis  of  the  above  fifteen  vege- 
table substances  theauthors  consider  that  the  fol- 
lowing important  inferences  may  be  deduced, 
namely : 

That  a vegetable  substance  is  acid  whenever 
the  oxygen  which  it  contains  exists  in  a larger 
proportion  than  will  constitute  water  with  the- 
hydrogen  present. 

That  a vegetable  substance  is  resinous,  or 
oily,  or  alcoholic,  &c.  when  the  oxygen  is  in 
less  proportion  than  is  required  to  form  water 
with  the  hydrogen. 
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That  when  the  oxygen  and  hydrogen  are  in 
the  exact  proportions  in  which  they  constitute 
water,  the  vegetable  substance  is  analogous  to 
sugar,  gum,  fecula,  ligneous  fibre,  &c. 

The  analysis  of  some  of  the  primary  animal 
substances  was  then  undertaken.  In  this  case 
there  is  another  element,  azote,  which  requires 
particular  notice.  Whenever  any  animal  mat- 
ter is  deflagrated  with  an  excess  of  oxymuriat 
of  potash,  a quantity  of  nitrous  acid  gas  is 
formed,  which  is  the  greatest  where  the  heat 
required  for  combustion  is  the  lowest.  This 
circumstance  would  render  the  analysis  in  the 
way  above  described  much  more  complicated 
and  uncertain,  unless  some  method  could  be 
found  of  preventing  the  formation  of  nitric  acid. 
This  the  authors  assert  is  effectually  done  by 
lowering  the  dose  of  the  oxymuriat,  so  that 
with  this,  neither  ammonia,  nor  nitric  acid 
is  produced,  but  the  whole  products  are  azotic 
gas,  water,  carbonic  acid,  and  oxycarburetted 
hydrogen,  and  with  proper  precautions  even  the 
latter  compound  may  be  almost  entirely  pre- 
vented, and  nearly  the  whole  of  it  changed  to 
carbonic  acid  and  water.  The  requisite  pro- 
portions of  oxymuriat  of  potash  and  the  animal 
matter  employed  must  be  found  by  previous 
trials  with  successive  quantities.  The  animal 
matter,  long  dried  at  212°,  must  be  mixed 
thoroughly,  first  with  thrice  its  weight  of  the 
oxymuriat  and  thrown  into  a crucible  barely 
red-hot.  If  the  residue  of  the  deflagration  is 
black  it  will  shew  that  there  is  too  little  oxy- 
muriat, if  it  is  white  the  quantity  of  this  salt 
may  be  too  much,  if  it  is  greyish  the  proportions 
are  sufficiently  correct ; or  at  any  rate  neither 
nitric  acid  nor  ammonia  will  be  produced  in  the 
deflagration,  though  perhaps  there  will  be  some 
carburetted  hydrogen.  Whenever  any  gas  con- 
tains along  with  this  gas  a certain  proportion  of 
azote  and  carbonic  acid  gas,  the  presence  of 
these  will  prevent  the  entire  combustion  of  the 
carburetted  hydrogen  with  any  oxygen  that  may 
be  added.  It  will  therefore  be  necessary  to  add 
a small  quantity  of  pure  hydrogen  to  produce 
the  detonation  of  the  carburetted  hydrogen,  and 
its  total  conversion  into  carbonic  acid  and  water. 

Fibrine.  T he  fibrine  collected  from  ox- 
blood  by  stirring  it  as  soon  as  drawn,  was  dried 
by  long  exposure  to  boiling-water  heat;  and  a 
portion  of  it  calcined  by  itself  left  only  Y'o  of 
fixed  matter.  Another  portion  was  then  mixed 
by  long  trituration  with  moist  oxymuriat  of 
potash,  then  made  into  balls  and  deflagrated  in 
the  same  manner  as  the  vegetable  substances. 
T he  flame  was  very  intense,  and  much  water 


condensed  in  the  cooler  part  of  the  apparatus. 
The  residue  in  the  red-hot  tube  was  a white 
saline  mass  consisting  only  of  muriat  of  potash 
with  the  incombustible  part  of  the  fibrine.  The 
results  after  subsequent  analysis  gave  for  the 
constituents  of  fibrine,  carbon,  oxygen  and  hy- 
drogen in  the  proportions  of  water,  some  excess 
of  hydrogen,  and  azote.  The  exact  quantities 
will  be  found  in  the  table. 

Albumen  from  white  of  egg,  Caseum  or  the 
pure  cheese  of  milk,  and  Gelatine  were  ana- 
lyzed exactly  in  the  same  way,  except  that  the 
oxymuriat  was  added  to  the  gelatine  in  solution 
(its  proportion  of  dry  gelatine  being  known)  and 
both  were  dried  together  by  boiling -water  heat, 
this  being  the  only  way  in  which  the  two  could 
be  intimately  mixed. 

The  general  result  of  the  analysis  of  these 
four  animal  substances  is  ; that  they  all  contain 
even  more  carbon  than  sugar  or  gum  does,  that 
in  all  the  hydrogen  exceeds  the  proportion  re- 
quired to  form  water  with  the  oxygen  pre- 
sent, and  that  the  azote  also  found  is  not  far 
from  the  proportion  required  to  form  ammonia 
with  the  excess  of  hydrogen.  Hence  (sup- 
posing the  small  differences  to  arise  from  the 
unavoidable  errors  in  the  practical  part  of  the 
experiments)  it  is  not  unlikely  that  these  animal 
substances  might  be  resolved  into  carbon, 
water  and  ammonia.  In  this  point  of  view 
these  animal  matters  will  bear  a strong  analogy 
with  sugar,  mucilage,  & c.  inasmuch  as  each 
consists  of  carbon,  and  other  constituent  parts  in 
the  exact  proportion  in  which  they  will  unite 
into  some  definite  compound,  being  carbon  and 
water  in  the  vegetable  substances  ; and  carbon, 
water,  and  ammonia  in  the  animal. 

The  authors  have  not  carried  their  experi- 
mental research  further,  but  they  suggest  the 
probability  of  further  analogies  between-  the 
vegetable  and  animal  principles  in  the  animal 
acids  and  animal  oils. 

We  shall  not  give  the  general  observations 
which  are  suggested  to  the  authors  of  these  im- 
portant experiments,  but  shall  only  add  the 
tables  of  the  actual  results.  It  will  be  under- 
stood that  the  substances  analyzed  are  taken,  ex- 
clusive of  their  incombustible  earthy  metallic 
and  saline  contents,  and  that  no  azote  is  consi- 
dered as  entering  into  the  vegetable  principle. 
In  the  animal  substances  all  the  hydrogen  and 
azote  are  estimated  as  constituting  ammonia, 
allowing  some  excess  or  deficiency  of  this  prin- 
ciple, to  be  attributable  to  accidental  errors  in 
the  experiments. 
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Table  of  the  constituent  parts  of  the  following  Vegetable  Substances. 


Or  supposing  the  Hydrogen  and 

Oxygen  to  form 

water. 

Substance  analyzed. 

Carbon. 

Oxygen. 

Hydrogen 

Carbon. 

Water. 

Oxygen  in 

100  parts 

excess. 

Sugar  .... 

42.47 

50.63 

6.90 

42.47 

57.53 

0 

Gum  Arabic  . . 

42.23 

50.84 

6.93 

42.23 

57.77 

0 

Starch  .... 

43.55 

49.68 

6,77 

43.55 

56.45 

0 

Sugar  of  Milk  . . 

38.825 

53.834 

7.341 

38.825 

61.175 

0 

Oak  wood  . . 

52.53 

41.78 

5.69 

52.53 

47.47 

0 

Beech  wood 

51.45 

42.73 

5.82 

51.45 

48.55 

0 

Mucous  Acid  . 

33.69 

62.67 

3.62 

33.69 

30.16 

36.15 

Oxalic  A. 

26.57 

70.69 

2.74 

26.57 

22.87 

50.56 

Tartareous  A.  . 

24.05 

69.32 

6.63 

24.05 

56.24 

20.71 

Citric  A.  ... 

33.81 

59.86 

6.33 

33.81 

52.75 

13.44 

Acetic  A. 

50.22 

44.15 

5.63 

50.22 

46.91 

2.87 

Hydrogen 

in  excess. 

Rosin  .... 

75.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal  .... 

76.81 

10.61 

12.58 

76.81 

12.05 

11.14 

Wax  .... 

•81.79 

5.54 

12.67 

81.79 

6.30 

11.91 

Olive  Oil 

77.21 

9.43 

13.36 

77.21 

10.71 

12.08 

Table  of  the  constituent  parts  of  the  following  Animal  Substances. 


Or,  supposing  the  Oxygen  to  form  Water 
with  part  of  the  Hydrogen,  and  the  remain- 

der  of  the  Hydrogen 

to  form  Ammonia  with 

the  Azote. 

Substance 

Azote, 

analyzed. 

Carbon. 

Oxygen. 

Hydrogen 

Azote. 

Carbon. 

Water. 

Ammonia 

excess  or 

100  parts 

deficiency. 

Albumen 

52.883 

23.872 

7.540 

15.705 

52.883 

27.127 

23.182 

—3.191 

Caseum 

59.781 

11.409 

7.429 

21.381 

59.781 

12.964 

31.778 

—4.623 

Gelatine 

47.881 

27.207 

7.914 

16.998 

47.881 

30.917 

22.743 

—1.541 

Fibrin 

53.360 

19.865 

7.021 

19.934 

53.360 

22.369 

23.463 

+0.808 

ANDALUSITE.  Feldspath  Apyre  H. 

Its  colour  is  flesh  red  verging  on  rose  red.  It 
occurs  massive  and  crystallized  in  rectangular 
prisms.  Its  fracture  is  imperfectly  foliated  ; 
the  natural  joints  are  parallel  to  the  sides  of  a 
nearly  rectangular  prism,  and  to  one  of  the  dia- 
gonals of  its  transverse  section.  It  is  translu- 
cent 5 is  harder  than  quartz,  and  sometimes 
even  than  spinelle.  Sp.gr.  3.1. 


It  is  infusible  before  the  blow-pipe  without 
addition.  It  is  composed,  according  to  Vau- 
quelin,  of 

52.  alumine 
38.  silex 
8.  potash 
2.  oxide  of  iron 


100. 


ANT 


ANT 
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This  mineral  in  its  crystalline  form  ap- 
proaches very  near  to  felspar,  and  in  its  analysis 
differs  only  in  containing  an  excess  of  alumine; 
to  this  excess  its  hardness  and  infusibility  are 
no  doubt  to  be  attributed.  It  was  the  opinion 
of  Count  Bournon  (and  M.  Hauy  seems  in- 
clined to  agree  with  him)  that  andalusite  is 
felspar  intimately  mixed  with  corundum. 

It  occurs  in  granite  in  Spain,  France,  Saxony, 
Ireland,  and  Devonshire. 

ANTHOPH  YLLITE . 

This  mineral  has  a perfectly  foliated  struc- 
ture, and  though  not  crystallized,  is  divisible  in 
the  direction  of  its  natural  joints,  parallel  to 
the  sides  of  a rectangular  prism  ; two  of  these 
sections  present  brightly  shining  surfaces,  and 
are  much  more  easily  obtained  than  the  others. 
Besides  these  four  joints  two  others  may  be 
perceived  on  close  inspection  with  a bright 
light,  dividing  the  prism  diagonally.  Its  specific 
gravity  is  3.2.  Its  hardness  is  about  equal  to 
that  of  glass.  Its  colour  is  brownish,  with  more 
or  less  of  a pseudo-metallic  lustre.  It  affords 
by  analysis,  according  to  M.  John, 

62.66  silex 
13.33  alumine 
4.0  magnesia 
12.0  oxide  of  iron 
3.25  oxide  of  manganese 
1 .43  water 


96.67 

ANTIMONY. 

§ 1.  Ores  of. 

Red  Antimony. 

This  substance  v/as  supposed  to  be  a native 
kermes  or  hydrosulphuret  of  antimony,  but, 
according  to  a recent  analysis  by  Klaproth,1  it 
affords 

67.5  antimony 
10.8  oxygen 
19.7  sulphur' 

98.0 


Native  Antimony. 

A specimen  of  this  substance  from  Andreas- 
berg  in  the  Hartz,  has  been  analysed  by  Klap- 
roth,1* with  the  following  result: 

98.  antimony 
J.  silver 
0.25  iron 


White  Antimony. 

A specimen  of  this  mineral  in  quadrilateral 
tabular  crystals,  from  Przibram  in  Bohemia, 
was  analysed  by  Klaproth,6  with  the  especial 
object  of  ascertaining  whether  it  contained  any 
muriatic  acid  as  had  been  suspected  by  Hac- 
quet.  For  this  purpose  25  grs.  of  the  mineral 
were  fused  with  200  grs.  of  carbonated  potash : 
the  mass  was  then  digested  in  water  and  the 
alkali  was  supersatuturated  by  nitric  acid.  On 
the  addition  of  nitrate  of  silver  no  precipitation 
took  place,  hence  the  white  antimony  may  be 
considered  as  a pure  oxide  of  antimony. 

Antimony  with  Nickel. 

This  ore  has  hitherto  been  found  only  in  a 
mine  at  Treusberg  in  Nassau.d  It  is  composed 
in  part  of  broad  parallel  plates  of  a shining 
white,  resembling  antimony,  and  in  part  of  a 
compact  leaden  grey  substance  with  a glim- 
mering lustre.  Its  sp.  gr.  is  5.65.  Its  hardness 
is  superior  to  that  of  grey  antimony.  When 
exposed  on  charcoal  to  the  action  of  the  blow- 
pipe it  melts  readily,  and  disengages  white 
vapours  of  an  arsenical  odour,  and  which  more 
or  less  adhere  to  the  charcoal  in  form  of  a yel- 
lowish powder;  by  degrees  the  globule  becomes 
less  fusible,  and  there  remains  behind  a white 
brittle  refractory  button. 

By  digestion  in  nitric  acid  a portion  of  the  ore 
is  converted  into  a yellowish  white  voluminous 
powder,  and  the  remainder  combines  with  the 
menstruum  into  a green  liquor. 

The  powder,  by  digestion  in  muriatic  acid 
slowly  dissolves,  with  the  exception  of  a small 
residue  of  a yellowish  colour  which  consists  of 
sulphur,  of  sand,  and  of  a little  arseniate  of 
iron.  This  solution  when  diluted  with  water 
lets  fall  a white  precipitate  consisting  of  muriate 
of  antimony  and  oxide  of  arsenic,  inseparable 
from  each  other  with  perfect  accuracy,  accord- 
ing to  Vauquelin,  by  any  known  chemical  pro- 
cess, but  in  a considerable  degree  decomposable 
by  distillation  with  sulphur  which  raises  the 
principal  part  of  the  arsenic  in  the  form  of  real- 
gar. What  remains  in  the  retort  is  sulphutet 
of  antimony  with  a little  arsenic  and  lead. 

The  green  nitric  solution  contains  nickel, 
arsenic,  and  a little  lead. 

From  the  result  of  this  examination,  and 
from  the  different  degree  of  fusibility  exhibited 
by  different  portions  of  the  ore,  it  is  considered 
by  V auquelin  as  a mixture  of  sulpliuret  of  an- 
timony, of  arsenical  nickel,  a little  galena  and 
iron  pyrites. 


b Ann.  de  Cliim.  Ixxxiii.  p.  229.  e Ann.  de  Chim.  Isxxv.  p.  2C, 
* Hauy  tab.  comp.  2 99.  Klap.  Ess.  ii.  142. 
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The  same  ore  has  since  been  subjected  to  a 
careful  analysis  by  Klaproth. e 

1.  300  grs.  separated  as  accurately  as  possi- 
ble from  the  oxide  of  iron  with  which  it  is 
naturally  mixed,  were  digested  in  cold  aqua 
regia,  composed  of  5 parts  muriatic  acid  and  1 
part  nitric.  The  undissolved  residue  was  again 
subjected  to  the  same  process,  after  which  what 
remained  undissolved  was  well  washed  in  alco- 
hol and  dried.  Its  weight  was  51  grs.  of  which 
41  grs.  burnt  off  with  all  the  appearances 
attending  the  combustion  of  sulphur,  leaving 
behind  10  grs.  which  dissolved  entirely  in  aqua 
regia. 

2.  The  solutions  were  mixed  together  in  a 
retort  and  much  concentrated ; water  being 
then  added  a copious  precipitate  fell  down.  The 
Supernatant  liquor  was  again  concentrated,  and 
a second  precipitate  was  obtained  as  before  by 
the  addition  of  water. 

3.  After  separating  the  precipitate  the  fluid 
was  again  concentrated,  and  appeared  of  a 
grass-green  colour ; ammonia  was  then  added 
in  excess  which  threw  down  a brown  oxide  of 
iron  weighing  after  calcination  13.5  grs. 

4.  The  ammoniacal  solution  was  evaporated 
to  dryness,  and  the  saline  mass  gently  ignited  ; 
the  residue  which  had  the  appearance  of  yel- 
lowish brown  micaceous  scales  was  digested  in 
muriatic  acid,  in  which  it  entirely  dissolved.  By 
means  of  caustic  potash  a precipitate  of  an 
apple-green  colour  was  obtained,  which  by  cal- 
cination left  behind  93.25  grs.  of  pure  oxide  of 
nickel  of  a slate  grey  colour,  indicating  70.75 
grs.  of  metallic  nickel. 

5.  The  precipitate  N°  2,  proved  on  examina- 
tion to  be  arseniate  of  antimony,  but  all  attempts 
at  an  accurate  decomposition  of  it  were  fruit- 
less. 

Thus  foiled,  M.  Klaproth  had  recourse  to  the 
following  method.  200  grs.  of  the  levigated 
ore  were  ignited  with  600  grs.  of  nitre;  the 
mass  was  then  lixiviated  and  well  washed.  The 
lixivium  on  being  slightly  acidulated  with  nitric 
acid  gave  no  precipitate,  a proof  that  no  anti- 
mony had  been  taken  up.  Lime  water  was  then 
added  and  a voluminous  precipitate  of  arseniate 
of  lime  fell  down.  This  latter  after  being 
washed  and  dried  was  mixed  with  one-third  of 
its  weight  of  charcoal  and  sublimed  in  a retort, 
and  afforded  22  grs.  of  metallic  arsenic. 

The  matter  insoluble  in  the  lixivium  was 
digested  in  aqua  regia  in  which  it  dissolved  al- 
most entirely,  and  from  this  solution  water 

* Klapr.  Ess.  ii.  134. 


threw  down  a precipitate  weighing  116  grs. 
equivalent  to  89  grs.  of  metallic  antimony. 

Hence  the  constituent  parts  of  this  mineral, 
omitting  the  oxide  of  iron  which  is  considered 
by  M.  Klaproth  as  accidental,  are 

25.25  metallic  nickel 

47.75  antimony 

11.75  arsenic 

15.25  sulphur 

100. 


^ 2.  Chemical  Properties. 

Much  difference  of  opinion  has  arisen  with 
regard  to  the  number  and  composition  of  the 
oxyds  of  antimony.  Thenard  reckons  as  many 
as  six,  Proust  only  two.  According  to  the 
latter  chemist  the  lowest  oxyd  or  subox'f/d  is 
composed  of  81.5  metal  to  18.5  oxygen  or  22.7 
oxygen  upon  100  of  metal ; and  the  highest 
oxyd  or  ptroxyd  contains  77  metal  to  23  oxy- 
gen ; or  29.87  oxygen  upon  100  of  metal 

Pr.  Berzelius  reckons  four  oxyds  of  anti- 
mony, two  of  which  have  the  characters  of 
acids.  We  have  not  the  particulars  of  the  ex- 
periments, but  the  following  are  stated  as  the 
results  : a 

The  first  or  lowest  oxyd  is  obtained  by  ex- 
posing antimony  to  the  action  of  the  positive 
side  of  the  voltaic  pile.  It  is  grey,  and  when 
in  contact  with  acids  that  do  not  themselves 
impart  oxygen,  part  of  the  oxyd  returns  to  the 
metallic  state,  and  the  rest  passes  to  the  second 
oxyd  and  dissolves. 

The  second  oxyd  is  the  base  of  emetic  tartar, 
and  most  of  the  other  antimonial  salts.  This  is 
white  and  fusible. 

The  third  oxyd  is  also  white  but  infusible  at 
a white  heat.  It  possesses  all  the  characters  of 
an  acid,  and  is  called  by  the  author  Slibious 
Acid.  The  white  oxyd  of  antimony  by  nitre 
is  in  fact  a salt  composed  of  potash  with  an 
excess  of  this  stibious  acid,  and  is  decomposed 
by  boiling  water  into  a neutral  soluble  stibiate 
of  potash,  and  an  insoluble  portion  with  still 
greater  excess  of  acid.  From  this  soluble 
stibiate  of  potash  professor  Berzelius  has  formed 
many  other  neutral  stibiates. 

The  fourth  oxyd  is  straw  coloured  and  is  an 
acid  with  higher  oxydation  than  the  former, 
and  therefore  has  the  name  of  Stibic  Acid. 
At  a high  temperature  it  gives  out  oxygen  and 
passes  to  the  state  of  Stibious  Acid. 

* An.  Chim.  tom.  83,  p.  169. 
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The  respective  proportions  of  metal  and  oxy- 
gen in  these  compounds  are  the  following. 

The  second  oxyd  contains  100.  antimony  to 
18. G oxygen. 

The  third  oxyd  contains  100.  antimony  to 
27.9  oxygen. 

The  fourth  oxyd  contains  100.  antimony  to 
37.2  oxygen. 

These  three  oxyds  therefore  have  their  oxygen 
in  the  proportions  of  1,  ly  and  2. 

The  elements  of  the  first  oxyd  are  not  given. 
It  may  be  presumed  (according  to  the  theory 
of  definite  proportions)  to  contain  either  9.3 
or  %3  — 4.G5  oxygen  to  100.  of  metal. 

The  same  author  also  gives  for  the  elements 
of  the  suiphuret  of  antimony,  100.  of  antimony 
to  37.25  of  sulphur. 

Tartarhcd  Antimony . — Tartar  Emetic. 
A very  elaborate  examination  of  this  salt  and 
of  the  various  modes  of  preparing  it,  has  been 
given  by  a practical  chemist,  Mr.  R.  Phillips, b 
who  has  shewn  the  great  uncertainty  of  suc- 
cess in  following  the  mode  laid  down  by  the 
London  College  of  Physicians  in  their  last 
Pharmacopoeia.  This  uncertainty  arises  from 
the  strong  tendency  in  this  metal  to  pass  from 
the  state  of  suboxyd  (in  which  alone  it  is 
soluble  in  tartar)  to  that  of  insoluble  peroxyd. 
Mr.  Phillips  has  given  as  an  improvement  in 
the  process,  the  employment  of  the  sub-sulphat 
of  antimony  as  the  base  to  be  afterwards  boiled 
with  a solution  of  an  equal  weight  of  cream 
of  tartar,  which  crystallizes  with  the  tartar 
into  the  tartarized  antimony,  or  triple  tartrite 
of  antimony  and  potash.  The  sub-sulphat  is 
prepared  by  boiling  and  evaporating  to  dryness 
a mixture  of  sulphuric  acid  with  about  half  its 
weight  of  metallic  antimony,  and  afterwards 
washing  out  of  the  residue  all  the  uncombined 
sulphuric  acid,  leaving  a tasteless  sub-sulphat, 
in  which  the  oxyd  must  be  at  a low  state  of 
oxydation,  since  it  dissolves  copiously  with 
tartar  and  forms  wdth  it  the  tartar  emetic. 
As  all  tartar  contains  tartrite  of  lime,  some 
sulphat  of  lime  is  also  produced  by  the  acid  of 
the, sub-sulphat,  which  partly  crystallizes  along 
with  the  emetic  tartar,  but  is  separated  by  a 
second  solution. 

APLOME. 

This  mineral  occurs  in  rhomboidal  dodeca- 
hedrons of  a deep  brown  colour  inclining  more 
or  less  to  orange,  striated  externally  parallel  to 
the  short  diagonals  of  the  rhombs.  On  ex- 


posing fragments  of  this  substance  to  a bright 
light,  indications  of  laminae  may  be  perceived, 
the  direction  of  which,  combined  with  that  of 
the  striae,  affords  reason  for  supposing  that  its 
primitive  form  is  a cube.  Its  specific  gravity 
is  3.44.  It  scratches  quartz  though  slightly. 
Its  fracture  is  uneven,  passing  into  small  con- 
choidal  with  a moderate  lustre.  It  is  opake 
and  in  very  minute  crystals  translucent.  Before 
the  blow-pipe  it  is  fusible  into  a blackish  glass. 
It  affords  by  analysis,  according  to  Laugier, 

40.  si  lex 
20.  alumine 

14.5  oxyd  of  iron 

14.5  lime 

2.  oxyd  of  manganese 
2.  ferruginous  si  lex 
2.  volatile  matter 


95.0 


It  occurs  in  Siberia  on  the  banks  of  the  river 
Lena. 

APOPHYLLITE.  See  Ichthyophthal- 

MITE. 

ARCTIZITE.  See  Wernerite. 
ARENDALITE.  See  Strahlstein,  glassy. 
ARGIL,  native. 

A small  portion  of  this  mineral,  not  suffi- 
cient for  a regular  analysis,  was  examined  by 
Fourcroy,  who  states  it  to  contain  about  24 
per  cent,  of  sulphate  of  lime  (Ann.  de  Mus. 
I.  45) ; since  which  it  has  been  formally  ana- 
lyzed by  M.  Simon  of  Berlin,  and  by  Bucholz, 
with  the  following  results. 1 
Simon.  Bucholz. 

32.5  — 31  0 alumine 

19.25  — 21.5  sulphuric  acid 

0.45  — 1 2.0  oxyd  of  iron 

0.35  — > lime 
0.45  — j silex 

47.  ■ — • 45.  water 


100.00  — 99.5 


ARSENIC.— ARSENICATED  HYDRO- 
GEN. ARSENI  ATS. 

§ 1.  Ores  of  Arsenic. 

Mispickel. 

Some  recent  experiments  on  this  ore  have 
been  made  by  M.  Chevreul.k  When  mispickel 
is  heated  in  a glass  retort,  there  rises  a subli- 
mate consisting  of  metallic  arsenic  with  a very 
small  portion  of  orpiment,  and  the  residue 


k Experimental  Examination  of  the  Pharm?.copaeia.  a Klapr.  Diet.  Chim.  art.  / thimine  nathe. 
b Journ.  des  Mines,  xxix.  p.  459. 
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consists  or  sulphuret  oi  iron,  retaining  some 
traces  of  arsenic.  The  component  parts  of 
this  ore,  a^  deduced  from  a separate  analysis 
of  the  sublimate  and  of  the  residue,  are 
43.418  arsenic 
34.938  iron 
20. 134  sulphur 

98.490 


Iron  is  well  known  to  have  a stronger 
affinity  for  sulphur  than  arsenic  has,  and  as  in 
the  present  instance  the  proportion  of  iron  and 
sulphur  is  just  sufficient  to  form  the  sub-sul- 
phuret,  it  appears  probable  that  mispickel  is 
a combination  of  iron  pyrites  and  of  metallic 
arsenic. 

Arsenical  Pyrites.0 

The  primitive  form  of  this  substance  is  a 
strait  rhomboidal  prism,  the  angles  of  which 
are  alternately  1 J 1 1 8 ' and  68°-42'. 

It  is  composed,  according  to  Lampadius,  of 
58.9  iron 
42.1  arsenic 


101.0 


§ 2.  Chemical  Properties. 

It  is  often  desirable  to  detect  minute  quan- 
tities of  arsenic  mixed  with  other  substances. 
Some  of  these  means  have  been  already  men- 
tioned under  this  article,  ( Ch.  Diet.  I.  p.  105,5 
but  another  should  be  noticed  on  account  of 
the  great  extent  of  its  operation.  It  consists 
in  first  dissolving  the  arsenic  in  water,  adding 
a small  quantity  of  sub-carbonat  of  potash, 
and  then  applying  nitrat  Gf  silver.  The  pro- 
cess is  thus  described  by  Mr.  Hume  who  first 
suggested  it. d Put  in  a glass  flask  two  or 
three  grains  of  the  powder  suspected  to  be 
arsenic,  add  eight  ounces  of  distilled  water 
and  gradually  bring  it  to  boil  over  a lamp  or 
clear  lire.  Then  add  a grain  or  two  of  sub- 
carbonat  of  potash  or  soda,  and  shake  the 
mixture.  When  clear,  pour  some  of  the  solu- 
tion into  a glass,  and  dip  just  under  the  surface 
of  the  liquid  a stick  of  lunar  caustic,  and  a 
beautiful  yellow  precipitate  will  appear,  which 
can  hardly  be  confounded  with  any  other 
substance. 

Dr.  Marcet e has  given  a variation  of  this 
process  which  has  the  advantage  of  being  per- 
formed in  a few  seconds.  Pour  some  of  the 

s Hauy.  Table  Comp.  95,  272.  d Phil.  Mag.  vol.  33.  c 

f An.  Chim, 


clear  fluid  suspected  to  contain  arsenic  into 
any  glass  vessel,  stir  into  it  a glass  rod  dipped 
in  pure  ammonia,  and  immediately  after  ano- 
ther gla.s  rod  wetted  with  nitrat  of  silver. 
The  same  orange  yellow  precipitate  will  im- 
mediately appear.  Care  should  be  taken  to 
add  only  a very  small  quantity  of  each  of  the 
reagents,  particularly  of  the  ammonia.  In  either 
mode  it  is  obvious  that  any  muriatic  acid  pre- 
sent will  give  a precipitate  with  nitrat  of  silver, 
and  this  metallic  salt  will  also  be  decomposed 
by  the  carbonated  potash  or  soda  where  this 
method  is  used,  so  that  it  is  not  the  mere 
appearance  of  any  precipitate,  but  of  an  ora/tge- 
yellozo  precipitate  that  will  determine  the  pre- 
sence of  arsenic.  Where  the  arsenic  is  in  the 
state  of  arsenic  acid  the  colour  of  the  precipitate 
will  be  brick-red. 

This  precipitate  is  a compound  of  oxyd  of 
silver  and  arsenic,  either  partially  or  entirely 
oxy dated,  and  when  heated  per  se,  especially 
on  charcoal,  the  arsenic  sublimes  and  leaves  a 
globule  of  pure  silver. 

Orpbnent  and  Realgar.  The  following 
distinctive  characters  of  these  substances  are 
given  by  M.  Thenard.  f 

Both  of  them  melt  and  sublime  unaltered  in 
close  vessels  and  without  giving  out  any  sul- 
phureous acid.  Both  are  acted  on  by  the 
sulphuric  nitric  and  oxymuriatic  acids.  Sul- 
phuric acid  acts  much  more  easily  on  orpiment 
than  on  realgar.  In ' both  cases  sulphureous 
acid  and  arsenious  acid  are  formed,  but  more 
of  the  former  acid  and  less  of  the  latter  are 
produced  with  orpiment  than  with  realgar. 
Nitric  acid  is  easily  decomposed  even  without 
heat  on  both  these  substances,  and  sulphur  and 
arsenious  acid  are  formed.  The  fixed  alkalies  dis- 
solve both  without  heat ; when  potash  is  used, 
hydro-sulphuret  of  potash  and  arsenite  of  potash 
are  formed,  for  on  adding  lime-water  to  the 
solution  a copious  white  precipitate  appears, 
which,  when  treated  with  carbonat  of  potash, 
gives  a liquid  that  yields  abundance  of  arsenious 
acid  on  saturation  with  muriatic  acid  and  eva- 
poration. 

Sulphur  fused  with  realgar  converts  it  into 
orpiment,  and  arsenic  added  to  orpiment  changes 
it  to  realgar.  Three  parts  of  sulphur  and  four 
of  arsenic  form  orpiment:  and  one  part  of 
sulphur  with  three  of  arsenic  form  realgar. 
The  latter  is  the  most  fusible  of  the  two. 
Orpiment  made  artificially  by  sublimation  is 

dedico-Chirurgical  Transact,  vol.  2,  p.  15,  and  vol.  3.  343. 
No.  177.  p.  284. 
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yellow  and  transparent  as  is  native  orpiment 
after  being  melted  ; but  both  assume  a very 
bright  clear  yellow  when  reduced  to  powder. 
The  orpiment  produced  in  the  moist  way  by  a 
soluble  arsenite,  a hydro-sulphuret,  ancL  an 
licid,  is  always  of  the  same  opake  bright  yellow 
as  the  other  orpiment  when  pulverized. 

Arsenic  Acid.  Arscnious  Acid.  Arsenite , 
and  Arseniate  of  head. 

According  to  the  experiments  of  Proust, 
100  parts  of  arsenic  combine  with  33  of  oxygen 
to  form  the  white  oxyd,  or  the  Arscnious  Acid , 
and  with  53  of  oxygen  to  form  the  Arsenic 
acid.  This  subject  has  been  examined  by 
professor  Berzelius  with  the  view  of  accommo- 
dating these  numbers  to  the  system  of  definite 
proportions  explained  under  the  article  Affi- 
nity in  this  appendix.  It  is  there  assumed 
that  when  any  base  is  capable  of  more  than 
one  degree  of  oxygenation,  the  lowest  number 
multiplied  by  2,  3,  & c.  or  by  the  intermediate 
lialv es  1 2£,  &c.  will  give  all  the  other  degrees. 
Hence  the  oxygen  of  arsenious  acid  must  bear 
one  or  other  of  these  proportions  to  that  of 
arsenic  acid.  Another  rule  is,  that  when  a 
compound  consists  of  two  oxydated  substances 
the  oxygen  of  the  base  must  bear  an  equally 
definite  proportion  with  that  of  the  acid.;  hence 
in  any  of  the  metallic  arscniats  (arseniat  of  lead 
for  example)  the  oxygen  of  the  arsenic  acid 
must  bear  a definite  and  simple  proportion  to 
that  of  the  oxyd  of  lead.  Both  these  questions 
are  here  examined. 1 

Arsenious  acid  contains,  according  to  Proust, 
33.33  of  oxygen  to  100.  metal,  and  arsenic 
acid  contains  53  oxygen  to  100.  metal,  and 
other  chemists  give  rather  less.  The  nearest 
definite  proportion  between  these  is  ly  times 
S3,  which  gives  50.  The  following  are  pro- 
fessor Berzelius’s  experiments. 

200  parts  of  sub-ox  yd  of  lead  dissolved  in 
nitric  acid,  evaporated  to  expell  the  excess  of 
acid  and  again  dissolved  in  water,  were  pre- 
cipitated by  arsenite  of  potash.  The  precipitate 
of  arsenite  of  lead,  which  was  at  first  light  and 
llocculent,  easily  separated  by  boiling,  and  when 
dried  weighed  30 1 .20,  but  on  being  ignited 
gave  out  0.65  of  water  and  16.51  of  uncom- 
bined arsenious  acid.  The  neutral  salt  remain- 
ing weighed  368. 1 . 

A similar  experiment  gave  arsenite  of  lead 
in  the  proportion  of  368.8.  Hence  the  com- 
position of  arsenite  of  lead,  taking  the  former 
estimate,  is 


Arsenious  acid  . 45.667  — ] 00.000 

Sub-oxyd  of  lead  . 54  333  — 118.977 

100.000  — 218.977 


Sub-oxyd  of  lead  was  found  from  very  careful 
experiments  to  contain  7.15  per  cent,  of  oxygen, 
and  therefore  the  118.977  contain  8.50G8  oxy- 
gen. Hence  the  100.  of  arsenious  acid  must 
contain  some  proportion  of  oxygen,  which  is  a 
simple  multiple  of  8.5068,  and  as  three  times 
this  quantity  very  nearly  agrees  with  the  ex- 
periments of  Proust,  arsenious  acid  is  assumed 
to  be  composed  of, 

Arsenic  . . 74.48  — 100.000 
Oxygen  . . 25.52  — 34.263 

100.00  — 134.263 


The  composition  of  the  arsenic  acid  is  also 
deduced  from  its  combination  wfith  lead. 

100.  parts  of  arseniat  of  lead  were  dissolved 
in  nitric  acid,  and  precipitated  by  sulphat  of 
ammonia.  The  supernatant  liquor  was  eva- 
porated to  dryness  to  expel  the  excess  of  nitric 
acid,  and  the  soluble  portion  was  again  dissolved 
in  water  and  compleatly  neutralized  by  am- 
monia. This  separated  a little  sulphat  of  lead 
which  was  added  to  the  other  portion  that 
remained  insoluble  in  water.  The  whole  sul- 
phat of  lead  thus  obtained  was  95.59.  A 
second  experiment  gave  nearly  similar  results. 
This  quantity  of  sulphat  of  lead  much  exceeded 
that  obtained  by  Klaproth  and  Rose,  by  the 
simple  addition  of  sulphat  of  ammonia  to  arse- 
niat of  lead  in  nitric  acid,  but  professor  Berzelius 
shew's  that  these  eminent  chemists  were  not 
aware  of  the  solubility  of  a portion  of  the 
sulphat  of  lead  in  the  excess  of  acid. 

Hence  arseniate  of  lead  consists  of. 

Arsenic  acid  . 29.63 17  — 100.0 
Sub-oxyd  of  lead  70.3683  — 237.5 

100.0000  — 337.5 


The  237.5  of  sub-oxyd  of  lead  contain 
16.981  of  oxygen.  Hence  the  composition  of 
100.  parts  of  arsenic  acid  (according  to  the 
rules  before  laid  down)  must  contain  such  a 
portion  of  oxygen  as  is  produced  by  a simple 
multiplication  of  16.981,  ami  at  the  same  time 
will  afford  such  a proportion  between  the  meta! 
and  the  oxygen  as  will  give  an  increase  of 
oxygen  upon  100.  parts  of  the  metal,  in  i 
simple  (or  nearly  simple)  ratio  to  the  oxyge» 


1 An.  Chilli,  tom.  80.  p.  9. 


VOL.  III. 


I 


A R S 


ASP 


( 06  ) 


of  the  arsenious  acid  which  is  34.263.  These 
conditions  will  be  fulfilled  (making  a reason- 
able allowance  for  errors)  by  taking  the  oxygen 
in  100.  parts  of  arsenic  acid  as  double  that  of 
the  sub-oxyd  of  lead  with  which  it  is  saturated, 
that  is,  16.98 1 X 2 =33.962. 

Arsenic  acid  will  therefore  contain, 

Arsenic.  . 66.0S8  — 100 
Oxygen  . 33.962  — 51.428 

100.000  — 151.428 


And  as  the  arsenious  acid  contains  34.263 
oxygen  to  100.  of  metal,  the  arsenic  acid  will 
contain  to  the  same  quantity  of  metal  1|  times 
34.263  =r  51.3945,  within  a very  small  dif- 
ference. 

It  has  been  already  mentioned,  under  the 
article  affinity , that  wherever  the  ratio  between 
two  portions  of  the  same  substance  that  unite 
to  another  substance  is  expressed  by  a fraction 
(as  3 \)  there  is  reason  to  suppose  some  minimum 
of  combination  which  will  Convert  these  frac- 
tional numbers  to  integers.  This  in  the  present 
instance  will  be  produced  by  assuming  the 
minimum  of  oxydation  of  arsenic,  as  either 
half  or  a quarter  of  that  of  the  arsenious  acid. 
It  is  well  known  that  when  metallic  arsenic  is 
exposed  to  the  air  it  loses  its  lustre  and  becomes 
covered  with  a blackish  brown  powder.  The 
author  exposed  200.  parts  of  metallic  arsenic 
for  two  months  to  the  air,  at  the  end  of  which 
time  it  entirely  fell  into  a bulky  black  powder. 
The  increase  of  weight  in  that  time  was  16  2, 
and  in  another  month  the  further  increase  was 
only  0.75,  being  in  all  16.95,  or  in  the  propor- 
tion of  8.475  oxygen  to  100.  of  metal,  and 
8.475  X 6 — 50.85,  which  does  not  much 
differ  from  51.428,  the  highest  term  of  oxyge- 
nation. Hence  it  is  probable  that  the  arsenious 
acid  is  4 times  the  minimum  of  oxygenation, 
and  the  arsenic  acid  6 times. 

The  Arscnite  of  Lead  mentioned  above  has 
the  following  properties : when  dry  it  is  white, 
and  by  friction  it  becomes  apparently  even 
more  electric  than  Sulphur.  When  melted  it 
is  transparent,  and  remains  so  after  cooling 
and  then  becomes  yellowish,  but  of  a dark 
green  if  any  copper  is  present.  Arscnite  of 
lead  kept  at  a red  heat  gives  out  arsenious  acid, 
and  is  gradually  changed  to  arseniate  of  lead. 

Arsenicated  Hydrogen. 

Under  the  article  Alkaline  Basis  in  this 
appendix  we  have  mentioned  the  alloy  of 
potassium  and  arsenic,  and  the  production  of 


arsenicated  hydrogen  by  adding  water  to  this 
alloy.  It  was  there  found  that  when  100 
parts  of  arsenicated  hydrogen  are  kept  in  contact 
with  melted  tin,  the  latter  extracts  all  the 
arsenic  and  then  the  hydrogen  expands  to  140 
parts.  ( See  the  above  article.) 
ASPARAGUS. 

The  juice  of  this  plant  has  been  examined 
with  much  care  and  skill  by  M.  Robriquet.3 
A quantity  of  asparagus  was  first  bruised  and 
the  juice  extracted  by  pressure,  and  passed 
through  a coarse  cloth,  leaving  a fecula  behind. 
The  juice  in  this  state  had  a strong  unpleasant 
smell,  and  was  a dirty  yellow  colour  inclining 
to  green.  The  fecula,  treated  by  boiling  alcohol, 
only  partially  dissolved,  and  the  insoluble  por- 
tion examined  in  various  ways  strongly  re- 
sembled animal  gluten,  in  drying  to  a horny 
mass  which  by  combustion  gave  much  ammonia. 
The  part  soluble  in  hot  alcohol  deposited  on  cool- 
ing a substance  a good  deal  like  wax  ; whilst  the- 
supernatant  solution  contained  a.species  of  resin. 

The  filtered  recent  asparagus  juice  was  sen- 
sibly acid  and  reddened  litmus.  After  boiling, 
to  separate  some  remaining  flocculi  of  albumen, 
it  was  evaporated  nearly  to  dryness,  and  then 
digested  with  alcohol,  and  the  part  untouched 
by  this  agent  was  dissolved  in  water.  The 
alcoholic. solution  gave  a very  slight  precipitate 
with  acetite  of  lead,  and  this  metallic  precipitate 
was  not  again  soluble  in  distilled  vinegar,  thus 
shewing  that  the  acid  of  the  asparagus-juice 
was  not  the  malic.  Another  portion  of  the 
juice  was  assayed  by  distillation  with  sulphu- 
ric acid,  and  a quantity  of  acetic  acid  united 
with  potash  was  obtained.  Still  the  acid  of 
the  juice  was  not  clearly  made  out,  and  it  was 
afterwards  analyzed  with  great  attention.  To 
obtain  it  pure  the  expressed  juice  of  the  plant 
was  first  coagulated  by  heat,  and  the  clear 
liquor  filtered.  Into  this  liquor  was  poured 
acetite  of  lead  as  long  as  any  precipitate  formed, 
and  this  last  when  well  washed  was  digested 
with  a third  of  its  weight  of  sulphuric  acid 
diluted  with  three  parts  of  water,  and  mode- 
rately heated.  The  sulphat  of  lead  thus  formed 
remained  at  the  bottom,  and  the  clear  super- 
natant liquor  was  evaporated  to  an  extractive 
consistence,  and  treated  with  alcohol  twice 
successively  (excluding  a little  insoluble  matter 
each  time)  till  a clear  solution  in  the  spirit  was 
obtained.  This  acid  was  brownish,  had  a 
very  sour  taste  mixed  with  some  unpleasant 
flavour  particularly  when  heated,  and  gave 
soluble  salts  with  the  alkalies  and  insoluble 


a An.  Chim.  tom.  55. 


ASP 


AUG 


( 67  ) 


ones  with  the  earths.  It  decomposed  the  earthy 
acetites  by  simple  affinity,  and  also  many  me- 
tallic salts,  particularly  those  of  iron,  copper 
and  lea  l,  and  the  salt  produced  by  its  mixture 
with  acetite  of  lead  was  in  the  form  of  white 
flocculi  insoluble  in  distilled  vinegar.  In  this 
last  p operty  it  differed  decisively  from  the 
malic  acid,  and  also  in  decomposing  the  sulphats 
and  acetites  of  iron  and  copper.  To  ascertain 
the  nature  of  this  acid  of  asparagus-juice  it 
was  precipitated  by  lime-water,  and  the  washed 
precipitate  calcined  in  a silver  crucible  till  all 
the  carbonaceous  matter  had  disappeared,  and 
a grey  calcareous  salt  remained  insoluble  in 
water.  This  was  boiled  and  dissolved  in  dis- 
tilled vinegar  and  precipitated  unaltered  by 
ammonia,  and  then  was  found  to  be  phosphat 
of  lime. 

To  prove  still  further  that  this  supposed 
peculiar  acid  is  the  phosphoric,  its  combination 
with  lead  (made  by  precipitating  acetite  of 
lead)  was  fused  with  the  blow-pipe,  and  the 
button  assumed  on  cooling  that  polyhedral 
form  which  is  so  characteristic  of  phosphat, 
of  lead. 

Asparagus-juice  does  however  contain  some 
peculiar  substances.  A quantity  of  the  juice 
was  concentrated  and  left  for  a considerable 
time  to  itself  in  M.  Vanquelin’s  laboratory. 
After  a while  a good  many  crystals  formed  in 
the  liquor,  obviously  of  two  distinct  kinds, 
which  were  examined  by  Messrs.  Vauquclin 
and  Robriquet.' 

One  of  these  (which  indeed  had  before  been 
noticed  by  M.  Robriquet)  had  the  following 
properties : 

When  obtained  pure  by  repeated  crystal- 
lization it  assumes  the  form  of  rhomboidal 
prisms.  It  is  quite  white,  moderately  soluble 
in  water,  and  neither  ac  d nor  alkaline  ; infusion 
of  galls,  acetite  of  lead,  oxalat  of  ammonia, 
muriat  of  barytes,  and  hydro-sulphuret  of  bary- 
tes, produce  no  change  in  it : it  is  insoluble  in 
alcohol.  It  contains  neither  ammonia  nor 
earth  : when  ignited  per  se  in  a platina  crucible, 
it  swells  up  and  exhales  pungent  vapours,  and 
leaves  a bulky  coal  but  absolutely  insipid,  and 
the  ash  is  not  in  the  least  degree  alkaline. 
Nitric  acid  decomposes  this  salt  and  produces 
a yellow  bitter  liquor  containing  much  am- 
monia formed  in  the  process. 

This  salt  therefore  seems  at  present  to  be 
a peculiar  crystallizable  substance  containing 
none  of  the  known  acids,  alkalies,  earths,  or 
other  salifiable  bases. 

c An.  Chim  lxvii.  225. 


The  other  crystals  formed  in  the  asparagus 
liquor  were  equally  white,  but  soft  and  im- 
perfectly crystallized  in  fine  needles  having  a 
sensibly  saccharine  taste,  like  that  of  manna. 
It  has  not  been  further  examined. 

AUGITE. 

In  addition  to  the  analysis  of  the  Volcanic 
Angite  from  Etna  by  Vauquelin,  already  cited, 
we  now  have  analyses  of  the  Augite  of  Frascati, c 
and  of  Giulianad  in  Sicily  by  Klaproth. 


Fras. 

Giul. 

48. 

— 

55. 

si  lex 

24. 

— 

10. 

lime 

8.75 

— 

1.75 

magnesia 

5. 

— 

16. 5 

alumine 

12. 

— 

13.75 

oxyd  of  iron 

J. 

— 

■ — 

ox  yd  of  manganese 

a trace 

— 

— 

potash 

— 

— 

1.5 

water 

98.75 

98.5 

The  Norwegian  Augite 

has  also  been  ana- 

lyzed  by  Simon  and  Rouxe 

with  the  following 

results. 

Simon 

Roux 

50.25 

— 

45. 

silex 

25.5 

— 

30.5 

lime 

3.5 

— 

o 

c>. 

alumine 

7. 

— 

— 

magnesia 

10.5 

— 

16. 

oxyd  of  iron 

2.25 

— 

5. 

oxyd  of  manganese 

0.5 

— 

— 

water 

a trace 

— 

— 

chrome 

99.5  99.5 


On  examining  however  the  details  of  the 
analysis  by  M.  Roux,  it  is  manifest  that  he 
failed  to  precipitate  the  whole  of  the  alumine, 
and  that  the  whole  of  the  magnesia  was  left  in 
the  lime. 

Var.  1.  Coccolite,  Korniger  Augit,  Kars- 
ten. 

Its  colour  is  a deep  green  *,  it  presents  an 
assemblage  of  slightly  coherent  granular  con- 
cretions of  various  sizes  up  to  that  of  a email 
pea,  several  of  which  resemble  crystals  with 
their  solid  angles  worn  off",  and  M.  Hauy,  by 
mechanical  division,  has  actually  reduced  them 
to  tetrahedral  prisms.  Internally  this  mineral  is 
shining  with  a vitreous  lustre;  its  fracture  is 
foliated  ; it  is  translucent,  scratches  glass,  and 
gives  a few  sparks  with  steel.  Sp.  gr.  3.3. 

It  is  infusible  by  the  blowpipe  without  ad- 
it Klapr.  Diet,  de  Chim.  c Journ.  dc  Mines, 
i 2 
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dition  ; with  soda  it  forms  an  olive  green  slaggy 
glass,  and  with  borax  a pale  yellow  semitrans- 
parent glass.  It  has  been  analyzed  by  Vauquelin, 
and  appears  to  consist  of 
50.  silex 
21.  lime 
10.  magnesia 

1.5  al umine 
7.  oxyd  of  iron 
3.  oxyd  of  manganese 

93.5 

4.5  loss 


It  occurs  in  the  iron  mines  of  Sudermania ; 
and  of  Arendahl  in  Norway. 

Var.  2.  Sahlite.  Malacolite,  D' Andruda. 

Its  colour  is  pale  greyish  green ; its  external 
lustre  is  vitreous  approaching  to  waxy ; it  is 
translucent;  it  scratches  glass  slightly,  but  gives 
no  sparks  with  steel,  and  is  easily  frangible. 
Fraciure  shining  and  strait  lamellar  with  a triple 
cleavage.  It  is  generally  in  the  form  of  coarsely 
granular  distinct  concretions,  but  also  occurs 
massive  with  a broad  lamellar  fracture,  or  crys- 
tallized in  rectangular  parallelepipeds  slightly 
bevilled  on  their  lateral  edges,  or  in  prisms  ter- 
minated by  convex  planes.  Sp.  gr.  3.23. 

It  is  infusible  before  the  blowpipe  without 
addition. 

It  occurs  in  Sweden  at  the  silver  mines  of 
Sahla  ; and  at  Buoen  in  Norway. 

Its  component  parts,  according  to  an  analysis 
by  Vauquelin,  are 
53.  silex 
20.  lime 
19.  magnesia 
, 3.  alumine 

4.  oxyds  of  iron  and  of  manganese 
99. 

1.  loss. 


To  this  variety,  on  the  authority  of  M.  Hauy, 
are  also  to  be  referred  the  Mussite  and  Alalite 
of  M.  Bonvoisin.  of  which  M.  Hauy  had  once 
formed  a new  species  under  the  nameDiopside.* 
Its  colour  is  greenish  or  yellowish  white : it 
occurs  crystallized  in  tetrahedral  and  dodeca- 
hedral prisms,  or  in  deeply  striated  sub-cylin- 
drical grains,  or  massive  with  a lamellar  frac- 
ture. It  scarcely  scratches  glass,  and  is  fusible 
before  the  blowpipe  into  a greyish  mass.  It  is 
composed,  according  to  Laugier,  of 

a Jouro.  des  Mines,  No.  115. 
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57.  silex 
16.5  lime 
18.25  magnesia 

6.  oxyds  of  iron  and  of  manganese 

97.75 
2.25  loss. 


The  Mussite  occurs  in  the  Commune  of 
Balme-de-Mussa,  Department  of  the  Po,  in  a 
vein  accompanied  by  granular  carbonate  of  lime. 

The  Alalite  occurs  near  the  village  of  Ala,  in 
the  mountain  of  Ciarmetta,  in  a vein  accom- 
panied by  garnets. 

AUTOMOIJTE.  Spin  (die  zincifere , H. 

This  substance  occurs  only  crystallized.  Its 
primitive  form- is  the  regular  octohedron,  be- 
sides which  it  presents  the  transposed  octo- 
hedron. The  crystals  are  for  the  most  part  very 
small,  rarely  equalling  in  size  a small  nut.  Its 
specific  gravity  is  4.69  (4.26  Ekeberg).  It 
scratches  quartz.  Its  colour  is  a deep  bluish- 
green  : the  entire  crystals  are  opake,  but  in  thin 
fragments-  it  is  more  or  less  semi-transparent. 
Its  fracture  is  lamellar,  parallel  to  the  faces  of 
the  crystal,  but  in  other  directions  is  uneven 
and  scaly  with  a vitreous  lustre. 

Before  the  blowpipe  it  neither  melts  nor  un- 
dergoes any  change  of  colour.  ith  phosphate 
of  soda  it  runs  into  a clear  colourless  bead.. 


It  was  first  analyzed  by  Ekeberg,  and  after- 
wards by  Vauquelin,  with  the  following  results. 


Ekeb. 

Vauq. 

60. 

— 42.  alumine 

4. 

— 4.  silex 

24. 

— 28.  oxyd  of  zinc 

9. 

— 5.  oxyd  of  iron 

0. 

— - 17.  sulphur 

0. 

— 4.  portion  of  the  mineral' 



■ remaining  unaltered 

97. 

100. 

It  occurs 

at  Fahfun  in  Sweden. 

It  was  at  first  supposed  to  be  corundum- 
mixed  with  zinc,  but  the  prevailing  opinion  at 
present  is  that  it  is  spinelle  pleonaste  loaded 
with  blende. 

AZOTE  WITH  OXYGEN,  Compounds 
of.  The  specific  gravity  of  azotic  gas  is  to 
that  of  hydrogen,  as  13  to  l.b  100  cubical 
inches  of  it  at  a mean  temperature  and  pressure,, 
weigh  between  29.  and  30.  grains. 

There  are  at  least  three  specific  compounds 
of  azote  and  oxygen  ; viz.  Nitrous  Oxyd,  Ni- 
trous Gas,  and  Nitrous  Acid  Gas. 

* Davy’s  Elements. 
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Nitrous  O.rj/d.  The  specific  gravity  of 
this  gas  is  to  that  of  hydrogen  as  21.  to  1 ; and 
100.  cubic  inches  weigh  between  48  and  49 
grains.  When  one  cubic  inch  of  nitrous  oxyd  is 
mixed  with  the  same  quantity  of  hydrogen  and 
exploded  by  the  electric  spark,  water  is  formed, 
and  the  only  residue  is  one  cubic  inch  of  azote. 
Now  as  one  cubic  inch  of  hydrogen  requires 
half  a cubic  inch  of  oxygen  to  become  water, 
it  follows  that  one  cubic  inch  of  nitrous  oxyd 
contains  one  cubic  inch  of  azote  and  half  a 
cubic  inch  of  oxygen,  condensed  into  the  space 
of  a single  cubic  inch. 

In  like  manner,  if  dry  charcoal  be  ignited  in 
one  cubic  inch  of  nitrous  oxyd,  the  products 
are  half  a cubic  inch  of  carbonic  acid  and  one 
cubic  inch  of  azote.  lienee,  as  oxygen  neither 
gains  nor  loses  in  bulk  by  its  conversion  into 
carbonic  acid,  the  composition  of  nitrous  oxyd 
is  found,  as  before,  to  be  two  volumes  of  azote 
and  one  of  oxygen,  condensed  into  the  space  of 
two  volumes.  Hence  too  it  consists,  by  weight, 
of  26  of  azote  and  15  of  oxygen. 

Nitrous  Gas.  Its  specific  gravity  is  to  that 
of  hydrogen  as  14  to  1 ; and  100  cubic  inches 
weigh  about  32  grains.  When  several  metals, 
such  as  arsenic,  zinc,  or  potassium,  are  heated 
In  nitrous  gas,  it  oxydates  them  and  affords 
half  its  volume  of  azote.  If  charcoal  is  ignited 
in  two  cubic  inches  of  nitrous  gas,  the  products 
are  one  cubic  inch  of  carbonic  acid  and  one 
of  azote.  Hence  as  oxygen  gas  neither  ex- 
pands nor  contracts  by  conversion  into  carbonic 
acid  gas,  nitrous  gas  consists  of  equal  volumes 
of  azote  and  oxygen  not  condensed  by  their 
chemical  union  ; or  it  contains  (by  weight)  13 
parts  of  azote  to  15  of  oxygen.  When  two 
cubic  inches  of  nitrous  gas  are  exposed  to  the 
action  of  muriat  of  tin,  or  sulphuretted  alkali, 
part  of  the  oxygen  of  the  gas  is  absorbed,  and 
one  cubic  inch  of  nitrous  crxyd  is  left,  which 
exactly  harmonizes  with  their  relative  propor- 
tions of  oxygen  and  azote ; for  one  cubic  inch 
of  nitrous  oxyd  contains,  as  already  mentioned, 
one  cubic  inch  of  azote  and  half  a cubic  inch 
of  oxygen  ; and  therefore  the  portion  of  oxygen 
extracted  by  the-  sulphuret  is  exactly  half  a 
cubic  inch  of  oxygen. 

Nitrous  Acid  Gas.  When  oxygen  and 
nitrous  gas  are  mixed  together,  red  fumes  of 
nitrous  acid  gas  are  produced,  and  a conden- 
sation of  the  bulk  of  the  gasses  takes  place.  If 
the  experiment  be  made  over  water,  a rapid 
and  total  absorption  takes  place,  and  the  water 
becomes  acidulous.  Much  difference  of  opinion 


still  exists  as  to  the  respective  proportions  in 
which  nitrous  gas  and  oxygen  unite,  nor  is  it 
very  easy  to  make  accurate  experiments,  since 
the  acid  gas  is  absorbed  both  by  water  and 
mercury.  v 

According  to  Sir  H,  Davy,  when  two  vo- 
lumes of  nitrous  gas  and  one  volume  of  oxygen, 
both  previously  dried,  are  mixed  together  in  a 
vessel  exhausted  of  air,  they  become  condensed 
to  half  their  volume,  and  form  a deep  orange- 
coloured  gas,  which  is  nitrous  acid  gas.  Cal- 
culating from  the  condensation,  the  specific 
gravity  of  this  gas  must  be  to  that  of  hydrogen 
as  about  28.  to  1 •,  and  100  grains  of  it  must 
weigh  65.3  grains.  When  water  is  admitted 
to  this  gas  there  is  a rapid  absorption,  and  the 
water  gains  a tint  of  green.  This  proportion 
of  two  volumes  of  nitrous  gas  to  one  volume 
of  oxygen  is  the  highest  in  oxygenation  that 
can  be  produced  as  a pure  and  distinct  gasseous 
body;  for  when  the  oxygen  is  actually  mixed 
in  greater  proportion,  the  condensation  is  such 
as  only  to  indicate  the  formation  of  the  above 
nitrous  acid  gas,  with  an  excess  of  uncombined 
oxygen.  The  same  happens  when  water  is 
admitted,  the  acid  gas  absorbed  retaining  no 
greater  a proportion  of  oxygen  than  when  in  a 
gasseous  state.  But  on  the  other  hand,'  when 
this  nitrous  acid  gas  is  absorbed  by  an  alkaline 
base,  a portion  of  nitrous  gas  is  always  evolved, 
leaving  the  remainder  in  a state  of  a higher 
relative  oxygenation  than  gasseous  nitric  acid. 
This  the  author  concludes  from  many  experi- 
ments to  be  in  the  proportion  of  2 volumes 
of  nitrous  gas  and  I|  of  oxygen,  and  this  forms- 
the  pale  nitric  acid  as  it  exists  in  solution  in' 
water,  or  as  the  acid  part  of  the  alkaline,  earthy, 
and  metallic  nitrats.  Nitric  acid  therefore,  ac- 
cording to  this  opinion,  when  once  obtained 
from  the  decomposition  of  the  nitrats  can 
exist  unchanged  in  solution  in  water;  though 
water  alone  cannot  condense  from  its  gasseous* 
state  a mixture  of  two  volumes  of  nitrous  -gas 
and  Ij  of  oxygen,  which  is  here  given  as  the* 
composition  of  nitric  acid.  This  liquid  acid 
again  may  be’ made  to  absorb  different  quantities- 
of  nitrous  gas.  when  it  becomes  yellow,  orange,, 
blue,  and  finally  blueish-green,  when  saturated 
with  nirous  gas. 

It  has  been-  mentioned  that  oxygen  and  ni- 
trous gas  unite  in  different  proportions,  arid- 
these  are  in  a good  measure  regulated  by  the- 
quantities  of  each  gas  employed,  and  the  dia- 
meter of  the  vessel  in  which  they  are  mixedi. 
Mr.  Dalton  gives  the  following  interesting  re- 
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suits  of  his  own  experience  on  this  subject. c 
When  two  measures  of  nitrous  gas  are  put  to 
one  measure  oi  oxygen  gas  in  a tube  one-thircl 
of  an  inch  in  diameter  and  five  inches  in  length, 
standing  over  water,  as  soon  as  the  diminution 
has  apparently  ceased,  which  will  be  in  half 
a minute,  if  the  residuary  gas  is  transferred 
into  another  tube,  it  will  be  found  that  one 
measure  of  oxygen  and  1.8  of  nitrous  gas  have 
disappeared. 

When  4 measures  of  oxygen  are  put  to  1.3 
of  nitrous  gas  in  a tube  two-tenths  of  an  inch 
in  diameter  and  ten  inches  long  so  as  to  fill  it, 
it  will  be  found  that  1 measure  of  oxygen  will 
combine  with  1.3  of  nitrous  gas  in  four  or  five 
minutes. 

When  1 measure  of  oxygen  and  5 of  nitrous 
gas  are  mixed  together  so  as  to  form  a thin 
stratum  of  air  not  more  than  |-th  of  an  inch  in 
depth  (as  under  a common  tumbler]  the  oxygen 
will  take  up  from  3 to  5£  measures  of  nitrous 
gas  in  a moment,  without  any  agitation.  If 


equal  measures  are  mixed,  then  1 oxygen  takes 
about  2.2  nitrous  gas. 

Thus  it  appears  that  these  two  gasses  will 
unite  in  a great  variety  of  proportions,  according 
to  the  relative  quantity  of  either  gas  employed, 
and  thfe  suddenness  of  their  union.  But  ac- 
cording to . Mr.  Dalton,  there  is  however  a 
definite  maximum  and.  minimum  of  saturation, 
which  includes  all  the  other  proportions.  The 
maximum  of  oxygenation  actually  observed  is 
that  in  which  1 measure  of  oxygen  combines 
with  1.3  of  nitrous  gas;  and  the  minimum  is 
that  of  1 measure  of  oxygen  to  3.G  of  nitrous 
gas;  but  as  the  actual  maximum  does  not  har- 
monize with  any  definite  proportion,  Mr.  D. 
assumes  hypothetically  the  real  maximum  to 
he  1 of  oxygen  w.th  .9  of  nitrous  gas,  to  which 
lie  gives  the  term  oxy  nitric  acid.  The  consti- 
tution of  nitric  acid  he  infers  from  other  obser- 
vations to  be  1 measure  of  oxygen  to  1 .8  of 
nitrous  gas.  Hence  all  the  compounds  of 
nitrous  gas  and  oxygen  will  be  thus  expressed ; 


measure  measures 

1 oxygen  with  .9  nitrous  gas  form  oxynitric  acid 

1 1.8 nitric  acid 

1 3.G nitrous  acid 


And  all  the  intermediate  degrees  of  saturation 
are  considered  as  mixtures  of  two  or  more  of 
the  above  compounds. 

One  of  the  most  important  considerations 
relative  to  nitric  acid  is  the  determination  of 
the  quantity  of  real  acid  in  a watery  solution 
of  a given  specific  gravity.  The  temperature 
of  ebullition  of  nitric  acid  of  different  densities 
varies  in  a very  singular  manner.  When  weak 
nitric  acid  is  boiled  or  distilled,  the  weakest 
portion  comes  over  first ; but  when  the  acid  is 
concentrated,  the  strongest  portion  comes  over 
first,  as  observed  by  Dr.  R.  Perceval  ( see  Cliim. 
Diet.  art.  Nitric  acid).  From  these  facts, 
Mr.  Dalton  inferred  that  an  acid  of  some  one 
strength,  and  only  one,  was  incapable  of  any 
change  of  strength  by  distillation,  so  that  when 
a portion  of  this  was  distilled,  the  distilled  part 
and  the  residue  would  have  the  same  specific 
gravity.  It  was  desirable  to  find  the  actual 
strength  of  this  acid,  as  these,  circumstances 
shew  a nice  adjustment  of  affinities  between  the 
acid  and  the  water;  and  this  acid  Mr.  Dalton 
has  found  by  many  experiments  to  be  of  the 
specific  gravity  of  1.42.  The  boiling  tempera- 
ture of  this  acid  is  higher_than  that  of  any  other 
nitric  acid,  stronger  or  weaker,  being  248°, 
which  indeed  is  the  immediate  reason  of  the 
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reduction  of  strength  of  all  the  other  nitric 
acids  to  that  of  1.42  when  submitted  to  gradual 
distillation  ; and  of  the  stronger  acids  parting 
with  the  portion  above  1.42  and  the  weaker 
acids  with  that  below  this  standard.  Hence 
the  continued  boiling  of  any  nitric  acid  tends 
to  bring  the  portion  in  the  retort  to  the  specific 
gravity  of  1.42,  and  to  raise  the  temperature 
to  248°.  Mr.  Dalton  calculates  this  acid  of 
1.42  to  be  composed  of  2 atoms  of  water  to  1 
atom  of  real  acid.  The  acid  of  1 of  real  acid 
to  4 of  v/ater  has  the  specific  gravity  of  1.30, 
and  is  remarkable  for  freezing  the  most  easily 
of  all,  namely  at  — 2°.  according  to  Mr. 
Cavendish. 

With  respect  to  the  quantity  of  real  acid  in 
a solution  of  given  specific  gravity,  Mr.  Dalton 
follows  the  method  employed  by  Kirwan,  as- 
suming that  fused  nitre  consists  of  47.5  per 
cent,  by  weight  of  real  acid  and  52. 5 of  potash. 
Mr.  Dalton’s  estimate  of  the  real  acid  of  dif-  * 
ferent  mixtures  of  nitric  acid  and  water,  agrees 
very  nearly  with  those  of  Mr.  Kirwan,  but  Mr. 

D.  has  given  the  important  addition  of  the  boil- 
ing temperature  of  each.  The  following  is  his 
table  of  the  quantity  of  real  acid  in  10 U parts 
of  liquid  nitric  acid  at  the  temperature  qf  G0°. 

part  ii.  p.  327. 
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Acid  per 
cent,  by 
weight. 

Acid  per 
cent,  by 
measure. 

Specific 

gravity. 

Boiling 

point. 

100 

175? 

1.75? 

30°  ? 

82.7 

134 

1.62 

100° 

72.5 

112 

1.54 

175° 

68 

102 

1.50 

210° 

58.4 

84.7 

1.45 

240° 

54.4 

77.2 

1.42 

248° 

51.2 

71.7 

1.40 

247° 

44.3 

59.8 

1.35 

242° 

37.4 

4S.6 

1.30 

236° 

32.3 

40.7 

1.26 

232° 

28.5 

34.8 

1.22 

229° 

25  4 

30.5 

1.20 

226° 

23 

27.1 

1.18 

2 23° 

21 

21.6 

1.17 

221° 

19.3 

22.4 

1.16 

220° 

17.8 

20.5 

1.15 

219° 

16.6 

18.9  1 

1.14 

219° 

M.  Gay  Lussac,'1  in  repeating  Mr.  Dalton’s 
experiments  on  the  different  proportions  -of 
oxygen  absorbed  by  nitrous  gas  according  to 
the  circumstances  of  the  experiment,  has  en- 
deavoured to  reduce  all  the  definite  combina- 
tions of  azote  and  oxygen  to  very  simple  num- 
bers, estimating  the  gasses  by  measure. 

Nitrous  gas  is  composed  of  equal  volumes  of 
azote  and  oxygen,  which  unite  without  con- 
densation ; and  the  author  considers  nitric  acid 
as  composed  of  200  measures  of  nitrous  gas 
and  100  measures  of  oxygen,  or  (what  amounts 
to  the  same)  it  consists  of  100  measures  of 
azote  to  200  of  oxygen.  The  intermediate  term 
of  saturation  is  that  which  constitutes  nitrous 
arid  gas,  and  which  when  absorbed  by  water 
gives  the  liquid  nitrous  acid,  the  acid  part  of 
the  nitrites.  The  author  finds,  agreeably  to 
Mr.  Dalton’s  experiments,  that  the  production 
of  this  intermediate  acid  depends  on  the  cir- 
cumstances of  the  experiment  and  the  propor- 
tions of  each  gas  employed.  If  200  measures 
of  nitrous  gas  are  put  into  a narrow  tube  over 
water,  and  200  measures  of  oxygen  are  added, 
or  if  this  order  is  reversed,  and  the  oxygen 
added  first,  300  measures  will  disappear  and 
100.  measures  of  oxygen  will  remain  unaltered. 
The  water  that  has  absorbed  thre'e  300  mea- 
sures will  be  a solution  of  nitric  acid,  and  with 
potash  will  form  common  nitre.  Therefore 
nitric  acid  contains  2 parts  by  measure  of  nitrous 
gas  to  one  of  oxygen.  But  if  the  oxygen  be 
not  in  excess,  if  for  example  100  measures  of 
oxygen  be  added  to  400.  measures  of  nitrous 


) 

gas,  the  entire  absorption  will  be  400  measures, 
and  100  measures  of  nitrous  gas  will  remain. 
The  water  that  has  absorbed  these  400  mea- 
sures will  now  be  fiitrous  acid,  and  with  potash 
will  form  small  needled  crystals  of  nitrile,  of 
• potash,  which  give  out  copious  red  fumes  on 
the  addition  of  any  strong  acid.  To  make  this 
experiment  correctly  it  should  be  in  a wide 
vessel  and  without  agitation,  so  that  the  water 
in  absorbing  the  nitrous  acid  gas  may  not  also 
absorb  a portion  of  the  residuary  nitrous  gas. 
Nitrous  acid  therefore  is  produced  by  the 
union  of  30 0 measures  of  nitrous  gas  with  100 
of  oxygen  ; or  (what  amounts  to  the  same)  it 
consists  of  150  measures  of  azote  to  250  of 
oxygen.  It  is  best  made  by  dissolving  nitrous 
acid  gas  in  water,  which  becomes  blue,  green, 
and  finally  orange  yellow,  according  to  the 
strength  of  the  acid  and  the  quantity  of  gas  ab- 
sorbed. Hence  it  is  that  the  orange  yekow 
acid  may  be  changed  to  the  green,  and  the  green., 
to  the  blue,  merely  by  proper  dilution  with  wa- 
ter, which  diminishes  the  relative  strength  of 
th  e acid  in  a given  quantity. 

I he  liquid  nitrous  acid  is  also  made  by  pass- 
ing nitrous  acid  gas  into  liquid  nitric  acid, 
which  then  becomes  blue,  green,  or  yellow 
orange,  according  to  the  concentration  of  the 
nitric  acid. 

M.  Gay  Lussac. gives  the  following  estimate 
of  the  composition  of  the  oxyds  of  azote,  viz. 

Nitrous  oxyd  consists  of  100  measures  of 
azote  with  50  measures  of  oxygen ; or,  by 
weight,  of  63.72  of  azote  and  36.28  oxygen. 

Nitrous  gas  consits  of  equal  measures  of 
azote  and  oxygen  ; or,  by  weight,  of  46.757  of 
azote  and  53.243  of  oxygen. 

Nitrous  acid  gas  consists  of  300  measures  of 
nitrous  gas  to  100  measures  of  oxygen  ; or,  by 
weight,  of  34.507  of  azote  and  65.493  of  oxy- 
gen.. 

Nurse  acid  consists  of  100  measures  cf  azote 
to  200  measures  of  oxygdn,  or  of  200  measures 
of  nitrous  gas  to  100.  measures  of  oxygen  ; or, 
by  weight,  of  30.512  of  azote  to  G9.4S8  of 
oxygen. 

AZOTIZEp  OXY MURIATIC  ACID,  or 
Azotized  Chlorine.  (Acide  Muriutique  . 
ox  i azoic.) 

Under  this  term  we  shall  describe  a new  and 
most  remarkable  compound  of  azote  and  oxy- 
muriatic  acid,  which  appears  to  be  the  most 
violently  detonating  substance  hitherto  known. 
The  first  notice  of  the  fact  of  this  discovery 
published  in  this  country  is  (we  believe)  con-- 
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tinned  in  the  extract  of  a letter  published  by  Sir 
H.  Davy/  which  announces  the  discovery  of  a 
compound  of  azote  and  chlorine  appearing  as 
an  oil  heavier  than  water,  that  detonates  with 
all  the  violence  of  the  fulminating  metals  by 
the  mere  heat  of  the  hand,  separating  thereby 
in  the  gasseous  form  the  two  elements  of  which 
it  is  composed,  evolving  much  heat  and  light. 
The  writer  also  adds  that  this  dangerous  pro- 
perty had  cost  to  the  discoverer  both  an  eye  and 
a finger. 

With  this  obscure  hint  of  the  nature  of  this 
substance,  added  to  the  recollection  of  the  ac- 
cidental formation  of  an  oil  by  passing  chlorine 
gas  through  nitrat  of  ammonia  suggested  by 
Mr.  Children,  Sir  H.  Davy  has  been  enabled  to 
produce  this  oily  detonating  compound,  which 
indeed  is  a very  simple  process,  and,  as  we  are 
informed  in  the  memoir  on  the  subject,  had 
nearly  cost  him  the  same  unfortunate  sacrifice  of 
an  eye  as  to  the  first  discoverer  (M.  Dulong)  in 
the  attempt  to  become  more  familiar  with  the 
properties  of  this  formidable  compound. 

M.  Dulong  has  since  made  known  all  the 
particulars  of  this  discovery  in  a paper  lately 
read  to  the  French  Institute,  of  which  a general 
abstract  is  given  by  Messrs.  1 lienard  and  Ber- 
thollet.  9 

From  this  and  Sir  H.  Davy’s  memoir  we  learn 
the  following  particulars.  Azote  and  oxymu- 
riatic  gas  have  no  known  action  on  each  other 
when  in  the  gasseous  form,  but  when  oxymu- 
riatic  gas  is  passed  through  a solution  of  the  nitrat 
of  ammonia,  the  oxalat,  or  many  other  ammo- 
niacal  salts,  it  is  rapidly  absorbed  and  a film 
collects  on  the  surface,  which  is  soon  resolved 
into  distinct  drops  of  a yellowish  oil  that  sinks 
to  the  bottom  of  the  liquid,  and  is  the  detonating 
compound  in  question.  A weak  solution  of 
pure  ammonia  will  answer  as  well  as  the  neu- 


tral ammoniacal  salt.  A temperature  of  about 
40°  or  50°  answers  the  best  for  its  production. 
Sir  H.  Davy  obtained  it  immediately  by  shaking 
in  a phial  a saturated  solution  of  nitrated  am- 
monia with  about  six  cubic  inches  of  chlorine, 
a mode  of  operating  which  appears  attended 
with  extreme  hazard,  for  even  when  a large 
quantity  of  the  gas  was  merely  passed  through 
a Woulfe’s  apparatus  charged  with  the  different 
ammoniacal  solutions,  the  whole  exploded  vio- 
lently and  shattered  the  apparatus  to  pieces. 

This  detonating  oil  is  yellowish,  but  quite 
transparent  and  highly  liquid.  Its  smell  is  very 
nauseous,  resembling  that  of  the  compound  of 
carbonic  oxyd  and  chlorine.  It  evaporates  ra- 
pidly but  silently  when  exposed  to  the  air  at  a 
common  temperature,  but  when  slightly  warm- 
ed it  explodes  vehemently,  insomuch  that  it  is 
dangerous  to  warm  in  any  glass  vessel  a globule 
of  the  oil  no  bigger  than  a grain  of  mustard 
seed.  When  this  oil  merely  touches  many  com- 
bustible matters,  even  without  increasing  the 
temperature,  it  explodes  very  violently,  so  as 
generally  to  shatter  any  glass  vessel.  This  is 
the  case  when  a globule  of  it  is  thrown  into 
olive  oil,  turpentine,  or  naphtha.  But  with  al- 
cohol it  only  loses  gradually  its  explosive  pro- 
perty and  becomes  a white  oily  matter.  When 
a particle  of  this  oil  touches  phosphorus,  or 
phosphorized  alcohol  and  ether,  it  explodes 
with  equal  violence.  It  has  no  effect  on  mu- 
riatic or  sulphuric  acid,  zinc,  tinfoil  or  sulphur. 
M.  Dulong  attempted  to  analyze  it  by  adding 
it,  and  the  liquor  in  which  it  was  formed,  to  a 
vessel  containing  copper  filings.  Muriated  oxyd 
of  copper  was  produced  and  azotic  gas  given 
out.  It  seems  therefore  to  be  without  doubt  a 
compound  of  chlorine  and  azote,  but  its  un- 
manageable properties  make  its  analysis  an  affair 
of  difficulty  and  some  danger. 


BARIUM.  Barytes. 

The  basis  of  the  earth  barytes  was  first  ob- 
tained by  the  eminent  discoverer  of  the  alkaline 
bases  in  the  following  way  : c pure  barytes  was 
made  into  a paste  with  water,  and  a small  cavity 
made  in  it  to  receive  a globule  of  mercury, 
the  barytes  was  laid  on  a slip  of  platina  which 
was  made  positive  in  a voltaic  battery,  and  the 
globule  of  mercury  was  rendered  negative.  In 
this  state  the  barytes  was  deprived  of  oxygen, 
and  its  base,  Barium,  was  obtained  amalgamated 
with  the  mercury,  from  which  it  was  separated 
a Phil,  Trans,  for  1813. 


B 

by  evaporating  the  mercury.  Barium  thus 
procured  is  of  a dark  grey  colour,  with  a low 
metallic  lustre,  and  heavier  than  sulphuric  acid. 
When  thrown  into  water  it  effervesces,  hydro- 
gen is  given  off  from  one  portion  of  the  decom- 
posed water  whilst  its  oxygen  unites  with  the 
barium,  and  barytes  is  reproduced  and  dissolves 
in  the  water. 

Sir  H.  Davy  estimates  the  elements  of  barytes 
to  be  about  89.7  per  cent,  of  barium,  and  10.3 
of  oxygen. 

Barytes  is  the  fir.-t  oxyd  of  barium.  Its 
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properties  have  bedn  fully  described  in  our  ori- 
ginal article,  and  the  difference  between  the 
pure  barytes  obtained  from  the  nitrat  and  that 
procured  from  the  crystals  of  barytes  formed  by 
solution  in  water,  has  been  mentioned  in  the 
article  Alkali  in  this  appendix. 

Peroxyd  of  Barium.  According  to  the  ex- 
periments of  Messrs.  Gay  Lussac  and  Thenard, 
barytes  can  absorb  oxygen,  and  thus  produce  an 
exyd  of  barium  of  a higher  state  of  oxydation 
than  barytes. b For  this  purpose  some  dry  oxy- 
gen gas  was  passed  into  a glass  tube  over  mer- 
cury, and  along  with  it  some  fragments  of  pure 
barytes  arising  from  the  calcined  nitrat  On  ap- 
plying the  heat  of  a lamp,  the  oxygen  was  very 
rapidly  absorbed,  and  the  barytes  appeared  as  if 
glazed  on  its  surface,  and  became  greyer. 

The  glass  was  then  filled  with  hydrogen  and 
heated  as  before.  The  hydrogen  was  absorbed 
in  large  quantity,  and  sparks  were  seen  to 
proceed  from  the  barytes.  No  water  was  va- 
porized, so  that  all  of  this  fluid,  which  must 
have  been  produced  by  this  absorption  of  hy- 
drogen, was  absorbed  by  the  barytes,  which 
then  became  very  fusible. 

The  experiment  was  repeated  with  similar 
success  with  barytes  prepared  by  calcining  the 
carbonat  of  barytes  with  lamp-black  in  an  in- 
tense heat  ; so  that  the  effect  could  not  have 
been  produced  in  the  first  instance  by  any  undc- 
composed  nitric  acid. 

BENZOIN.  Benzoic  Acid.  Bknzoats. 

We  have  to  mention  some  additional  facts  re- 
lative to  this  resin  and  its  products,  which  are 
among  the  most  interesting  of  this  class  of  vege- 
table substances.’ 

When  benzoin  is  gradually  heated  in  mode- 
rately dilute  nitric  acid,  it  is  dissolved  into  a light 
yellow  liquid,  which  on  cooling  gradually  de- 
posits nearly  the  whole  of  the  benzoic  acid, 
whilst  the  resin  appears  to  remain  dissolved. 
This  solution  is  totally  decomposed  by  water. 

Sulphuric  acid  dissolves  benzoin  into  a deep 
red  liquid,  but  carbonizes  a portion  of  it.  The 
solution  gives  a lilac  precipitate  with  water. 
Acetic  acid  dissolves  this  resin  even  in  the  cold. 
When  saturated  by  boiling,  much  benzoic  acid 
separates  on  cooling. 

When  these  acids  are  added  to  the  solution 
of  benzoin  in  alcohol,  a precipitate  is  formed 
(with  all  but  the  nitric)  which  is  probably  a com- 
pound of  the  resin  and  acid,  and  an  excess  of 
the  same  acid  generally  redissolves  a part  of  this 
precipitate.  Nitric  acid  on  the  other  hand  does 

b Rechcrches,  tom.  1.  p.  1C9.  * Braude  in  Phil. 
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not  render  the  alcoholic  solution  turbid,  but  gives 
it  a dark  red  colour,  so  that  this  acid  seems  to 
have  a greater  solvent  power  over  the  resin  of 
benzoin. 

Benzoic  Acid.  Scarcely  two  thirds  of  the 
whole  acid  contained  in  benzoin  is  procured  by 
mere  sublimation.  Scheele’s  process  (mention- 
ed in  our  original  article)  gives  the  purest  acid. 

Some  German  chemists  have  also  employed 
carbonat  of  potash  or  soda,  as  an  intermede  for 
obtaining  this  acid.  Benzoin,  boiled  repeatedly 
with  about  a tenth  of  its  weight  of  carbonat  of 
soda  and  sufficient  water,  the  resin  being  taken 
out  two  or  three  times  and  triturated,  and  again 
boiled  with  the  same  liquor,  yields  at  last  nearly 
the  whole  of  its  acid  to  the  soda,  and  the  solu- 
tion of  benzoat  of  soda  deposits  its  acid  on 
adding  the  sulphuric  acid. 

Benzoic  acid  is  soluble  in  most  of  the  acids, 
but  separable  from  them  by  dilution  with  water. 

A singular  fluid  compound  of  benzoic  acid 
and  camphor  is  mentioned  by  Mr.  Gowar,"  to  be 
produced  by  adding  a definite  quantity  of  water 
to  a solution  of  both  these  substances  in  alcohol. 

Twenty  grains  of  benzoic  acid  and  as  much 
camphor  dissolved  in  half  an  ounce  of  common 
alcohol,  and  then  diluted  with  as  much  water, 
gradually  separates  into  two  liquids,  both  of 
which  are  quite  transparent  if  the  acid  is  fre# 
from  resin,  but  yellowish  if  otherwise. 

Both  the  upper  and  lower  liquids  appear  to  be 
compounds  of  alcohol,  water,  benzoic  acid  and 
camphor.  The  lower,  which  has  an  oily  appear- 
ance, is  strongly  acid  and  aromatic,  and  by  eva- 
poration forms  crystals  apparently  composed  of 
benzoic  acid  and  camphor.  Cold  water  added  to 
this  iiquid  immediately  decomposes  it,  the  ben- 
zoic acid  being  precipitated  in  the  form  of  shining 
crystals,  and  the  camphor  floating  on  the  top. 
The  upper  fluid  onstandingfora  time,  sometimes* 
deposits  large  crystals  floating  upon  the  lower 
stratum,  which  are  chiefly  benzoic  acid,  but 
altered  from  its  usual  crystallized  form,  probably 
by  the  presence  of  some  camphor. 

It  requires  pretty  exactly  the  above  mentioned 
proportion  of  benzoic  acid,  camphor,  alcohol 
and  water,  to  produce  this  singular  separation 
into  two  distinct  solutions,  for  when  more  of 
the  spirituous  menstruum  is  used,  the  whole  re- 
mains as  one  uniform  solution,  and  when  a 
greater  proportion  of  water  is  employed,  much 
of  the  camphor  and  part  of  the  acid  separate. 

Mr.  Bucholz  has  examined  some  of  the  lead- 
ing properties  of  the  benzoic  acid,  with  a view 
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of  comparing  them  with  the  camphoric  acid, 
some  chemists  having  considered  these  two 
acids  as  nearly  identical.  The  properties  of 
the  Camphoric  Acid  will  be  given  under  that 
article  j those  of  the  benzoic  are  the  following: 

Ten  grains  of  benzoic  acid  were  mixed  with 
500  grains  of  distilled  water,  and  shaken  in  a 
phial  for  half  an  hour.  The  whole  liquid  was 
passed  through  a filter,  the  weight  of  which 
when  dry  was  previously  known,  and  after  again 
drying  there  was  found  an  addition  of  7\  grains 
of  weight  produced  by  the  undissolved  acid. 
Hence  Benzoic  acid  requires  200  times  its 
weight  of  cold  water  for  perfect  solution.  On 
the  other  hand  it  requires  only  24  parts  of  boil- 
ing water,  so  that  by  far  the  greater  part  of  the 
acid  must  again  separate  on  cooling. 

An  hundred  grams  of  cold  alcohol  dissolve  by 
agitation  about  56  grains  of  benzoic  acid  ; and 
boiling  alcohol  dissolves  nearly  its  own  weight 
of  the  acid. 

Benzoat  of  Lime.  Benzoic  acid  boiled  with 
carbonat  of  lime  and  water  is  gradually  neutra- 
lized ; and  50  grains  of  the  acid  require  in  this 
way  about  20  grains  of  the  calcareous  earth,  the 
pure  lime  of  which  is  about  IS  grains.  The  so- 
lution when  much  reduced  by  evaporation  gives 
on  cooling  a number  of  shining  silky  needled 
crystals,  often  radiating  from  a common  center  ; 
their  taste  is  sweetish  and  somewhat  earthy. 

Though  this  benzoat  of  lime  is  prepared  with 
the  purest  acid,  and  is  perfectly  white,  when 
heated  by  itself  in  a close  vessel  it  gives  a liquid 
empyreumatic  oil,  smelling  of  the  resin  of  ben- 
zoin. Benzoat  of  lime  requires  20  times  its 
weight  of  cold  water  for  perfect  solution. 

Benzoat  of  Potash.  This  salt  crystallizes 
when  the  acid  is  slightly  in  excess,  forming 
small  needles  which  require  ten  parts  of  cold 
water  for  solution.  T he  neutralized  salt  is 
much  more  soluble  and  deliquescent. 

It  is  to  be  observed  that  when  most  of  the 
neutral  benzoats  are  evaporated,  part  of  the  acid 
flies  off,  leaving  the  salt  with  a slight  excess  of 
base.  This  however  is  not  the  case  with  the 
benzoat  of  ammonia,  the  alkali  being  full  as 
volatile  as  the  acid.  This  property  is  of  some 
importance  as  it  gives  a reason  for  a preference 
of  the  benzoat  of  ammonia  in  a very  important 
use  in  analytical  chemistry,  to  which  it  has  lately 
been  applied  by  Professor  Berzelius. 

This  eminent  chemist  has  found  that  the  ben- 
zoic acid  may  beapplied  to  the  separation  of  iron 
from  manganese,  with  equal  success  with  the 
Succinic,  and  it  has  the  advantage  of  being 


much  cheaper  and  more  easily  obtained.  It  is 
necessary  for  this  purpose  that  the  solution  con- 
taining the  mixed  oxyds  should  be  previously 
neutralized  with  accuracy,  and  then  the  benzoat 
of  ammonia  may  be  added  as  long  as  any  preci- 
pitate falls  down.  This  precipitate  is  merely 
benzoat  of  iron,  and  all  the  manganese  remains 
in  solution. 

Not  only  will  this  salt  separate  iron  from  man- 
ganese, but  as  M.  Hisinger  has  observed,  it  will 
equally  separate  it  from  all  earthy  salts,  and 
from  nickel,  cobalt  and  many  other  metals,  none 
of  which  are  precipitated  by  the  benzoat  when 
properly  applied. 

(This  will  be  further  described  in  this  appen- 
dix under  the  article  Iron.) 

BILDSTEIN. 

From  a recent  analysis  of  this  substance  by 
Vauquelin,'  it  appears  to  be  composed  of 
56.  Silex 
29.  Alumine 
2.  Lime 
7.  Potash 
I.  Oxide  of  Iron 
5.  Water 
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It  is  interesting  to  observe,  that  in  this  mine- 
ral the  character  of  unctuosity  is  by  no  means 
indicative  of  the  presence  of  magnesia.  The 
analogy  also,  as  to  chemical  composition,  be- 
tween bildstein,  mica,  and  felspar,  is  deserving 
of  notice. 

BILE. 

This  important  fluid  has  been  analyzed  by 
Thenard,a  a very  skilful  chemist,  who  has  disco- 
vered in  the  bile  of  some  animals  what  he  con- 
siders as  a new  animal  principle,  to  which  he 
gives  the  name  of  Picrome l,  on  account  of  its 
sweet  and  pungent  taste. 

The  experiments  on  ox-gall  are  the  following. 
A quantity  of  it  was  distilled  to  dryness  in  a re- 
tort, by  which  it  lost  from  •§  to  4 of  its  weight  of 
mere  water  a little  flavoured.  Theory  yellow 
residue  was  calcined  carefully  in  a platina  or 
silver  crucible  kept  scarcely  at  a cherry-red,  by 
which  it  gave  22  per  cent,  of  carbonaceous  re- 
sidue containing  soda,  common  salt,  phosphat 
and  sulphat  of  soda,  and  phosphat  of  lime. 

The  uncombined  soda  amounted  to  no  more 
than  2-bo  of  the.  original  gall,  which  appeared 
much  too  small  a quantity  to  be  the  intermede 
whereby  the  resin  of  this  bile  might  be  held  in 
solution.  Neither  is  the  precipitate  formed 
by  acids  at  all  equal  to  the  whole  of  the  solid 
a Mem.  d’ArceuIl,  tom.  i. 
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matter  which  may  be  extracted  from  the  bile, 
which  is  another  reason  for  supposing  some 
other  substance  besides  soda  which  holds  the 
resinous  matter  of  bile  in  perfect  solution.  The 
analysis  of  ox-gail  was  thus  conducted  : A lit- 
tle nitric  acid  was  first  added,  which  precipi- 
tated a peculiar  yellow  matter  along  with  a very 
little  resin,  which  last  was  afterwards  obtained 
pure  by  alcohol.  The  gall  was  filtered,  and  into 
it  was  poured  a solution  of  sub-acetite  of  lead 
(made  with  8 parts  of  common  acetite  and  one 
of  litharge)  by  which  an  insoluble  compound  of 
oxyd  of  lead  and  the  resin  of  the  gall  fell  down, 
(separable  from  each  other  by  weak  nitric  acid) 
and  the  supernatant  liquor  was  freed  from  the 
excess  of  the  salt  of  lead  by  a current  of  sul- 
phuretted hydrogen.  The  clear  filtered  liquor 
was  evaporated  to  dryness,  and  gave  the  Picro- 
rncl  mixed  with  acetite  of  soda.  The  distin- 
guishing properties  of  picromel,  according  to  M. 
Thenard,  are  its  pungent  sweetish  taste,  and  the 
great  solvent  power  which  it  exercises  over  the 
resin  of  the  bile;  so  that  by  adding  again  the  due 
proportions  of  this  resin,  of  picromel,  of  the 
yellow  matter  separable  by  nitric  acid,  and  of 
soda,  the  author  obtained  an  uniform  liquid  ex- 
actly resembling  the  original  bile  from  which 
these  substances  had  been  extracted.  Of  800 
parts  of  ox-gall  the  author  finds  TOO  of  water, 
21  of  resin,  GOf  of  picromel,  about  4 of  yellow 
matter,  and  4 of  soda,  and  the  rest  salts  of  soda 
and  lime. 

Picromel  dissolves  both  in  water  and  in  alcohol, 
does  not  crystallize,  and  forms  a triple  compound 
with  resin  and  soda,  highly  soluble  in  water,  and 
not  decomposable  by  acids,  alkalies,  and  earthy 
salts  ; but  it  is  separated  by  some  metallic  salts. 

The  resin  of  bile  is  green,  bitter,  soluble  in 
alcol.o’,  and  separable  thence  by  water,  and  solu- 
ble in  alkalies,  and  in  some  acids,  but  not  in  all. 

It  appears  however  in  the  author’s  second  me- 
moir on  this  subject,  that  the  picromel  is  not  so 
certainly  obtained  in  the  above  method  ; for  he 
says  thatiftoo  much  of  the  acetite  of  lead  is  added, 
the  picromel  itself  is  separated,  so  that  it  is  ne- 
cessary to  assay  the  precipitate  from  time  to 
time,  and  as  soon  as  it  becomes  totally  soluble 
in  weak  nitric  acid,  it  will  shew  that  all  the  resin 
has  been  separated,  and  that  the  picromel  itself 
begins  to  precipitate. 

.M.  Thenard  gives  the  result  of  the  analysis 
of  the  bile  of  different  animals,  and  finds  no 
picromel  in  human  bile,  this  secretion  contain- 
ing chiefly  water,  albumen,  a peculiar  resin, 
soda,  and  some  salts. 
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Professor  Berzelius  in  his  analysis  of  bile,1’  en- 
tirely denies  the  existence  of  this  peculiar  sub- 
stance, picromel , as  a distinct  animal  principle, 
and  seems  to  consider  nearly 'the  whole  of  the 
solid  contents  of  the  bile  (the  saline. part  ex- 
cept ec!)  as  one  peculiar  albuminous  substance, 
which  partly  precipitates  in  the  form  of  a resin 
when  some  mineral  acid  is  added;  and  there- 
fore this  supposed  resin  is  a compound  of  the 
peculiar  bitter  albumen  of  bile  with  a small  por- 
tion of  the  acid  employed.  This  biliary  matter 
is  soluble  in  water,  even  without  the  assistance 
of  alkali  or  of  any  other  intermede;  and  it  forms 
two  compounds  with  some  acids,  one  soluble, 
the  other  not  so,  and  therefore  precipitated,  and 
in  the  form  of  a resin.  But  the  acetous  acid 
which  gives  soluble  compounds  with  the  al- 
bumen of  blood  does  the  same  with  biliary  al- 
bumen, and  hence  no  precipitate  follows  the 
addition  of  this  acid  to  bile. 

The  biliary  matter  may  be  obtained  pure  in 
the  following  way  : mix  fresh  bile  with  sul- 
phuric acid  diluted  with  3 or  4 parts  of  water,  a 
yellow  precipitate  whose  nature  is  hardly  known 
first  appears  and  must  be  separated  ; then  con- 
tinue adding  more  of  the  acid  as  long  as  any 
thing  falls  down,  decant  the  fluid  part  and  edul- 
corate the  remaining  green  resin iform  substance. 
This,  which  is  in  fact  a compound  of  biliary  al- 
bumen and  sulphuric  acid,  may  be  deprived  of 
its  acid  either  by  digestion  with  carbonat  of 
barytes  and  water,  or  by  solution  in  alcohol, 
and  digesting  the  liquid  with  carbonat  of  lime 
as  long  as  it  reddens  litmus.  The  clear  liquor 
then  contains  the  pure  biliary  albumen,  which 
is  to  be  evaporated  to  dryness.  This  gives  a 
green  solution  in  water  closely  resembling  the 
natural  bile.  The  quantity  of  this  biliary  matter 
he  estimates  at  T|-o  of  the  whole  bile. 
BIRDLIME. 

This  substance  has  been  commonly  supposed 
to  be  analogous  to  vegetable  gluten,  like  that  of 
wheat,  but  it  does  not  appear  to  have  been  ana- 
lyzed with  any  care  till  Bouillon  la  Grange  ex- 
amined it,  and  he  has  found  the  following  pro- 
perties.1 

The  birdlime  here  employed  was  that  of  the 
inner  bark  of  the  holly,  prepared  by  bruising  the 
bark  in  a mortar,  boiling  it  with  water  for  four 
or  five  hours,  throwing  away  the  liquor,  and  put- 
ring  the  residue  in  earthen  pots,  and  keeping  it  in 
a damp  cellar  till  it  was  mouldy  and  viscous, 
moistening  it  now  and  then  with  water,  and  then 
washing  it  thoroughly  with  water  to  remove  all 
heterogeneous  matters. 
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Birdlime  thus  prepared  is  greenish,  bitter, 
very  tenacious,  spinning  out  into  threads  when 
drawn  asunder,  and  smelling  somewhat  like 
linseed  oil.  When  a thin  layer  is  spread  out  on 
glass  and  exposed  for  some  time  to  light  and  air 
it  dries,  turns  brown,  and  is  then  no  longer  vis- 
cous, even  when  again  wetted,  but  may  be 
ground  to  powder.  It  reddens  litmus.  When 
birdlime  is  heated  without  addition,  it  melts  into 
a pasty  mass,  swells,  becomes  full  of  bubbles, 
smelling  like  heated  oil,  and  if  jput  upon  heated 
coals,  or  when  red  hot,  it  burns  with  much  flame 
and  dense  black  smoke.  It  continues  to  burn 
when  once  lit,  till  it  is  entirely  reduced  to  an 
ash,  which  is  white  and  very  alkaline. 

Water  boiled  upon  birdlime  has  little  or  no 
action  upon  it  except  to  render  it  rather  more 
fluid,  and  to  dissolve  out  a portion  of  acid  (which 
is  shewn  by  the  water  reddening  litmus)  and  a 
little  mucilage  and  extract. 

But  caustic  potash  acts  very  powerfully  upon 
birdlime.  A strong  lye  of  potash  boiled  with 
birdlime  forms  a white  magma  which  on  evapo- 
ration turns  brown,  hardens,  and  acquires  the 
smell  and  taste  of  soap.  This  soap  dissolves 
in  alcohol  and  water,  and  is  decomposed  by 
acids  like  the  common  soaps. 

Sulphuric  acid  blackens  and  carbonizes  bird- 
lime, and  on  adding  lime  the  smell  of  vinegar  is 
perceived. 

Nitric  acid  heated  on  birdlime  converts  it  to 
a hard  brittle  mass,  which  when  treated  with 
more  of  the  same  acid,  is  partly  changed  to 
oxalic  and  malic  acid,  and  partly  to  a yellow 
wax-like  resin,  soluble  in  potash  and  in  alcohol. 

Birdlime  long  shaken  in  concentrated  oxy- 
muriatic  acid  becomes  white,  loses  its  viscidity 
and  is  broken  into  hard  compact  masses,  still 
enclosing  a portion  of  the  unchanged  birdlime. 

Acetous  acid  softens  birdlime  and  dissolves  a 
portion.  Carbonat  of  potash  does  not  disturb 
this  solution,  and  when  evaporated  to  dryness  it 
leaves  a residue  resembling  the  resins,  but  which 
cannot  be  perfectly  dried. 

Boiling  alcohol  dissolves  birdlime.  The  solu- 
tion is  of  a clear  yellow  when  hot,  but  becomes 
turbid  on  cooling,  and  deposits  a yellow  matter 
like  wax,  whilst  the  clear  liquor  remains  bitter, 
nauseous,  acid,  and  leaves  a kind  of  resin  when 
evaporated. 

Sulphuric  ether  totally  dissolves  birdlime,  and 
with  more  ease  than  any  other  reagent.  The 
solution  is  greenish,  yellow  and  acid.  When 
much  water  is  added,  an  oil  separates  and  comes 
up  to  the  surface,  which  much  resembles  lin- 
seed oil,  and  will  form  a compound  like  plaster 
when  boiled  with  litharge.  The  ethereal  solu- 


tion of  birdlime  when  evaporated  leaves  a yel- 
low soft  matter  like  wax  All  these  facts  shew 
the  analogy  of  birdlime  with  oily  or  resinous 
substances,  and  its  entire  difference  from  vege- 
table gluten. 

BISMUTH. 

1.  Native.  Its  primitive  form,  according  to 
Hauy  is  the  regular  octohedron  ; and  the  only 
other  crystal  that  he  mentions  as  belonging  to 
this  species,  is  an  acute  rhomboid,  the  alternate 
angles  of  which  are  60°  and  120°. 

Besides  the  three  species  of  ores  described  in 
die  article  Bismuth  in  this  Dictionary,  there  are 
certain  natural  mixtures  probably,  rather  than 
combinations,  of  metals  in  which  bismuth  is 
the  predominating  ingredient,  and  which  there- 
fore may  be  mentioned  here. 

1.  Bismuth  with  Copper  and  Sulphur. 

This  substance  was  discovered  by  Selb  in  the 

cobalt  mine  of  Neugluck,  in  the  district  of 
Fnrstenberg,  Its  colour  is  steel-grey,  by  ex- 
posure to  the  air  becoming  bluish  and  reddish ; 
has  a slightly  metallic  lustre,  a fine  grained 
fracture,  is  soft  and  semi-ductile.  According 
to  Klaproth,  it  is  composed  of 
47.24  Bismuth 
34.66  Copper 
12.58  Sulphur 

94.48 

2.  Argentiferous  Bismuth. 

Its  colour  is  a pale  lead-grey  becoming  darker 
on  exposure  to  the  air  ; it  is  generally  dissemi- 
nated, rarely  in  mass.  It  melts  easily  before 
the  blowpipe.  It  occurs  at  Schatzlach,  in  the 
Black  forest,  and  according  to  Klaproth,  i* 
composed  of  the  following  ingredients. 

33.  Lead 
27.  Bismuth 
15.  Silver 
4.3  Iron 
0.9  Copper 
16.3  Sulphur 


96.5 


3.  Nadelerz. 

Its  colour  is  steel  grey  verging  more  or  less 
to  copper  red,  but  generally  is  dull,  and  super- 
ficially yellow  or  green  from  decomposition.  It 
occurs  disseminated,  or  crystallized  in  striated 
acicular  hexahedral  prisms,  often  curved,  some- 
times articulated,  and  always  implanted.  Its 
longitudinal  fracture  is  lamellar  with  a splendent 
metallic  lustre.  It  is  soft,  semiductile,  and  its 
specific  gr.  is  about  6.1.  It  occurs  in  Siberia 
in  white  quartz  mixed  with  native  gold. 
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It  has  been  analyzed  by  M.  John,  and  ap 
pears  to  consist  of 

43.2  Bismuth 
24.32  Lead 

12.1  Copper 
L58  Nickel 
1.32  Tellurium 

] 1 .58  Sulphur 

34.1 


Pr.  Berzelius’  states  the  composition  of  the 
ox  yd  of  bismuth  from  the  very  accurate  expe- 
riments of  M.  Largerhjelm,  to  be 

Bismuth  . 30.803  — 100.00 

Oxygen  . 9.197  — 10. 13 

100.000'  110,13 


Sub-sulphnt  of  Bismuth.  Some  of  this  salt 
was  prepared  by  decomposing  the  neutral  sul- 
phat  by  water.  The  sub-sulphat,  thus  preci- 
pitated, being  washed  and  dried  on  very  hot 
sand,  100  parts  of  the  dried  salt  were  strongly 
ignited  in  a platina  crucible  till  no  further  loss 
of  weight  was  perceived.  The  loss  was  14.5 
and  consisted  of  sulphureous  acid  and  oxygen, 
leaving  85.5  of  oxyd  of  bismuth.  The  i4.5 
sulphuric  acid  thus  decomposed,  and  the  85.5 
of  oxyd  each  contain  8.66  parts  of  oxygen. 

The  Neutral  Sulphat  of  Bismuth  is  com- 
posed of  so  much  acid  as  contains  three  times 
as  much  oxygen  as  that  of  the  base  with  which 
it  is  saturated.  This  would  give  the  elements 
of  this  salt  to  be  14.5  sulphuric  acid  and  — — 
28.5  oxyd,  or 

Sulphuric  Acid  . . S3. 7 

Oxyd  of  Bismuth  . 66.3 

100.0 


Nit  rat  of  Bismuth.  10  parts  of  this  salt, 
crystallized,  reduced  to  powder,  and  dried  in 
the  air,  were  distilled  in  a small  retort.  The 
nitrous  acid  that  passed  over  was  colourless 
and  not  fuming,  which  shews  the  presence  of 
much  water  of  crystallization.  In  the  retort 
were  left  4.88  parts  of  oxyd,  so  that  the  crys- 
tallized nitrat  well  dried  contains 

Nitric  acid  and  water  . . 51.2 

Oxyd  of  bismuth  . . . 48.8 

100.0 


Sulpliuret  of  Bismuth.  This  compound 
» Ann.  Chim.  tom.  82.  p.  121  and  241, 


consists,  according  to  Vauquelin,  of  68.25  of 
bismuth,  and  31.75  sulphur,  as  mentioned  in  the 
•article  Sulphuret  in  this  appendix. 

BITTERSPATH,  or  Magnesian  carbo- 
nate of  Lime. 

The  primitive  crystalline  form  of  this  sub- 
stance is  considered  by  M.  Hauy  as  precisely 
the  same  with  that  of  calcareous  spar ; hence 
he  considers  the  magnesia  contained  in  it  as 
purely  accidental,  and  on  this  account  denomi- 
nates it  Chau. v car honat ex  magnesifere.  Dr. 
V/oilaston  however  has  shown  that  the  obtuse 
angle  in  the  primitive  rhomboid  of  calcareous 
spar  measures  105°. 5',  while  the  same  in  the 
primitive  rhomboid  of  bitterspath  is  at  least 
106°.  15'.  The  two  substances  may  therefore 
be  regarded  as  specifically  distinct. 

BLOOD. 

Several  very  important  additions  have  been 
made  to  the  chemical  knowledge  of  this  most 
interesting  of  all  the  animal  fluids.  We  shall 
give  a short  abstract  of  them. 

It  was  stated  as  a discovery  of  Fourcroy  and 
Vauquelin,  and  confirmed  by  Parmentier  and 
Deyeux,  that  the  serum  contains  Gelatine , and 
the  particulars  were  mentioned  under  the  article 
Blood,  (Ch.  Diet.  vol.  l.J  It  has  since 
been  very  amply  proved  however  that  this  is  a 
mistake,  and  that  the  substance  contained  in 
serum,  uncoagulated  by  heat,  is  not  gelatine, 
though  on  evaporation  to  dryness  it  leaves  a 
stiff'  transparent  mass.  Dr.  Bostock,  who  first 
detected  the  mistake  of  these  eminent  chemists 
on  this  subject,  has  the  following  remarks.  h 

He  defines  Gelatine  or  Jelly  to  be  an 
animal  substance  which  is  liquefied  by  heat, 
becomes  concrete  by  cold,  and  with  tan  forms 
a compound  insoluble  in  water.  After  the 
serum  has  been  partially  coagulated  by  heat, 
the  liquid  that  remains,  (or  the  Serosity ,) 
yields  a sensible  precipitate  when  heated  with 
corrosive  sublimate,  shewing  the  presence  of 
some  albumen  which  has  escaped  the  first 
coagulation  by  heat,  after  which  the  liquid 
may  be  evaporated  nearly  to  dryness  without 
shewing  any  degree  of  gelatinizatior.  on  cooling, 
and  without  being  at  all  altered  by  infusion 
of  tan  ; both  of  which  circumstances  prove  the 
absence  of  gelatine.  This  was  further  shewn 
by  the  addition  of  a small  portion  of  gelatine 
to  the  serosity,  which  now  gave  all  the  cha- 
racters belonging  to  this  animal  principle.  Dr. 
B.  however  does  not  consider  the  whole  of  the 
animal  matter  in  the  serosity  to  be  albumen 
that  has  escaped  coagulation,  but  supposes  8 
fc  Medico-Chirurgical  Transact,  vol.  i,  andii. 
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portion  to  be  similar  to  animal  mucus,  thoftgh 
its  nature  is  obscure.  This  matter  forms  about 
2 per  cent,  of  the  serosity,  and  the  remaining 
.solid  contents  amount  to  about  10  per  cent, 
more. 

Dr.  blare et c has  given  some  valuable  ex- 
periments on  the  contents  of  the  serosity  as 
compared  with  those  of  .other  watery  fluids  of 
the  animal  body,  whether  natural  or  morbid. 
The  speciiic  gravity  of  serum  varies  remark- 
ably, being  found  from  1021.5  to  1052.5.  On 
a careful  analysis  he  gives  the  following  as  the 
constituent  parts  of  serum,  the  dry  contents 
being  all  thoroughly  desiccated  in  a sand  heat 
without  charring  or  decomposition  : 

Water 900.00 

Albumen 8G.80 

Muco-extractive  matter  . 4.00 

Muriat  of  soda  with  a lit*  7 r m 
i c , > 0 GO 

tie  muriat  or  potash  . 3 

Sub  carbonat  of  soda  . 1.G5 

Sulphat  of  potash  . . 0.35 

Phosphats  of  lime,  iron,  7 Q Q0 
and  magnesia  ...  3 

1000.00 


It  will  be  seen  therefore  that  serum  contains 
a tenth  of  its  weight  of  solid  contents,  nine- 
tenths  of  which  are  animal  matter,  and  the 
rest  saline. 

Dr.  M.  agrees  with  Dr.  Bostock  in  asserting 
the  total  absence  of  true  gelatine  in  serum,  but 
allows  a kind  of  muco-extractive  matter,  which 
is  distinguished  by  being  incoagulable,  and  so- 
luble in  water  and  other  menstrua.  The  little 
albumen  with  which  it  remains  combined  after 
the  serum  has  been  heated  is  entirely  separable 
by  being  boiled  with  corrosive  sublimate. 

Since  the  publication  of  Dr.  Bostock’s  paper 
Mr.  W.  Brande  has  made  some  chemical  re- 
searches on  the  blood, d in  which  he  has  very 
happily  applied  the  galvanic  influence,  in  order 
to  detect  the  real  nature  of  the  animal  matter 
that  remains  in  serosity  after  the  coagulation 
of  the  bulk  of  the  albumen  by  a boiling  heat. 
One  ounce  of  pure  serum  was  diluted  with 
water,  the  conductors  from  a battery  of  thirty 
pairs  of  four  inch  plates  were  immersed  in  this 
solution  at  a distance  of  two  inches  from  each 
other,  and  the  whole  of  the  albumen  coagu- 
lated in  contact  with  the  negative  wire  in 
three  hours  and  a half,  the  coagulunr  being 
occasionally  removed.  A similar  effect  was 
produced  in  the  serosity  after  the  greater  part 


of  the  albumen  had  been  coagulated  by  heat; 
the  fluid  was  then  exposed  to  the  galvanic 
action,  and  albumen  coagulated  at  the  negative 
wire.  In  both  cases  the  fluid,  evaporated  after 
the  galvanic  action  was  over,  gave  no  change 
on  adding  infusion  of  galls,  nor  afforded  any 
gelatine  when  dry.  On  the  other  hand,  some 
solution  of  isinglass  was  added  to  serum,  and 
the  galvanic  action  applied,  but  after  all  coagu- 
lation had  ceased,  the  liquid  still  gave  a copious 
precipitate  by  galls.  Hence  it  appears  that 
galvanic  electricity  has  no  effect  in  separating 
gelatine  from  its  solution,  though  it  totally 
precipitates  albumen.  It  was  also  found  that 
heating  serum  with  the  addition  of  a little 
muriatic  acid,  as  effectually  coagulates  the  whole 
of  the  albumen  as  is  done  by  the  agency  of 
galvanism. 

Mr.  Brande  has  given  some  additional  facts 
relative  to  the  properties  of  the  colouring  matter 
of  the  blood,  which  (as  well  as  those  of  pro- 
fessor Berzelius,  to  be  presently  mentioned) 
throw  much  uncertainty  on  the  hypothesis  of 
Fourcroy  and  Vauquelin,  that  the  colour  is 
given  by  a sub-phosphat  of  iron  dissolved  in 
serum,  and  indeed  make  it  doubtful  whether 
this  metal  is  at  all  concerned  in  giving  to 
blood  its  deep  and  beautiful  colour.  The 
colouring  matter  was  generally  obtained  by 
stirring  venous  blood  with  a stick  as  soon  as 
drawn ; the  fibrin  collects  at  the  end  of  the 
stick,  and  the  colouring  matter  is  diffused 
through  the  serum,  from  which  it  gradually 
subsides,  and  may  therefore  be  collected  in  a 
very  condensed  form  though  still  mixed,  with 
serum.  This  substance  readily  dissolves  in 
water,  making  a bright  red  solution  when  fil- 
trated, which  however  becomes  brown  and 
separates  by  a boiling  heat  into  a clear  colour- 
less water  and  a brown  sediment.  Muriatic 
acid,  poured  upon  the  dense  colouring  matter 
above  described,  renders  one  portion  brown  and 
insoluble,  but  dissolves  the  other  portion  into  a 
liquid,  which  when  filtrated  is  a dark  crimson 
in  reflected  light,  but  greenish  in  transmitted 
light.  The  colour  is  not  altered  by  long  ex- 
posure to  light,  nor  by  a boiling  heat,  nor 
materially  by  alkalies,  nor  by  galls.  The  dilute 
sulphuric  acid  extracts  the  colouring  matter  as 
well  as  the.  muriatic.  Both  these  solutions 
may  also  be.  n\adq  bv  digesting  at  a heat  of 
150°  to  200°  some  pieces  of  the  conmon 
coagulurti  of  blood  with  the  acid  employed. 
If  muriatic  acid,  it  may  be  diluted  with  an 
equal  quantity  of  water;  and  if  sulphuric. 
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with  eight  or  ten  parts  of  water.  The  nitric 
acid  on  the  other  hand  much  impairs  the  fine 
colour  and  gives  it  a shade  of  brown.  The 
acetic  acid  acts  as  the  muriatic,  but  with  still 
more  distinction  between  the  effect  of  reflected 
and  transmitted  light.  With  the  tartaric  acid 
the  solution  inclines  to  scarlet. 

Both  the  caustic  and  carbonated  alkalies  form 
deep  red  solutions  of  this  colouring  matter, 
which  are  very  permanent.  Soda  gives  a colour 
more  inclining  to  a crimson,  and  ammonia  still 
more.  When  these  solutions  are  supersatu- 
rated with  nitric  acid  the  colour  passes  into 
bright  yellow. 

The  author  then  endeavoured  to  combine 
this  colour  with  some  of  the  common  mordants. 
Alumine  would  not  answer,  for  though  it 
extracted  the  colour  pretty  well,  it  became 
brown  instead  of  retaining  its  original  red. 
The  solutions  of  tin  succeeded  scarcely  better. 
Those  of  mercury  answered  the  best.  V/hen 
corrosive  sublimate  is  added  to  the  aqueous 
solution  of  the  condensed  colouring  matter,  its 
tint  is  instantly  brightened,  and  it  becomes 
slightly  turbid  from  the  deposition  of  a little 
albumen.  If  this  be  immediately  filtered,  the 
clear  liquor  gradually  deposits  a deep  red  in- 
soluble precipitate  which  carries  down  the 
whole  of  the  colour.  Woollen  cloth  first 
steeped  in  corrosive  sublimate  and  then  in  a 
watery  solution  of  the  colouring  matter  of 
blood,  acquires  a permanent  red  tinge  un- 
alterable by  soap,  which  possibly  may  be  of 
use  in  dyeing. 

We  shall  conclude  this  article  with  a very 
short  abstract  of  the  most  original  parts,  in  an 
elaborate  analysis  of  blood  made  by  professor 
Berzelius,  being  one  of  a series  of  investigations 
on  animal  fluids,  first  published  in  this  country 
in  the  Medico-Chirurgical  Transactions,  vol.  3. 

The  blood  selected  for  experiment  was  that 
of  the  ox. 

Blood,  he  observes,  may  be  regarded  as  a 
liquid  holding  a colouring  matter  suspended 
in  it,  but  not  dissolved. 

The  only  practicable  way  of  separating  the 
constituent  parts  of  blood  is  that  of  coagulation, 
as  usualiy  employed,  though  this  is  imperfect, 
as  much  of  the  serum  remains  attached  to  the 
red  globule  in  the  coagulum. 

The  crassamentum  contains  the  fibrin  and 
the  colouring  matter,  which  are  separable  by 
washing,  in  the  way  often  described. 

Fibrin.  No  part  of  this  is  soluble  in  cold 
water,  but  a portion  is  extracted  by  long 
boiling,  which  when  the  liquor  is  evaporated 


gives  a white,  dry,  friable  residue,  soluble  in 
cold  water,  and  of  an  agreeable  taste  like  broth. 
Fibrin,  when  long  boiled,  loses  the  property  of 
being  soluble  in  acetic  acid. 

Alcohol  digested  with  fibrin  changes  it  to  an 
adipocerous  or  fatty  matter,  soluble  in  the 
alcohol,  and  separable  by  water.  This  fatty 
matter  is  formed  in  the  process,  and  does  not 
exist  as  such  in  the  recent  fibrin. 

Ether  has  a similar  effect  with  alcohol,  and' 
the  fatty  matter  is  more  abundant  and  more 
nauseous. 

Concentrated  acetic  acid  immediately  softens 
fibrin,  renders  it  transparent,  and  when  heated 
dissolves  it  into  a tremulous  jelly,  which  is 
soluble  in  warm  water.  When  this  solution  is 
evaporated  to  dryness  it  retains  sufficient  acid 
to  redden  litmus,  but  will  not  redissolve  with- 
out more  acid.  Sulphuric,  nitric,  and  muriatic 
acids,  give  a precipitate  with  this  solution  com- 
posed of  fibrin  and  the  acid  employed,  which 
when  washed  with  water  loses  a pait  of  the 
acid,  and  the  remainder  dissolves  in  more 
water.  More  acid  will  again  give  a precipitate 
with  the  latter  solution,  so  that  fibrin  with  a 
certain  portion  of  acid  is  soluble  in  water,  and 
with  an  excess  of  the  same  acid  becomes  in- 
soluble. Alkalies  also  give  a precipitate  with 
the  solution  of  fibrin  in  acids,  and  an  excess  of 
alkali  redissolves  it. 

Weak  muriatic  acid,  digested  with  fibrin, 
hardens  and  shrinks  it,  and  long  boiling  with 
water  at  last  converts  this  to  a soluble  gela- 
tinous mass.  Some  azotic  gas  is  given  out. 
This  solution  is  again  precipitated  by  an  excess 
of  the  acid. 

Concentrated  muriatic  acid  decomposes  fibrin 
when  boiled  upon  it,  and  gives  a violet  coloured 
solution. 

Sulphuric  acid,  when  diluted,  has  a similar 
effect  on  fibrin  with  muriatic  acid:  and  like 
this,  produces  two  compounds  with  it,  one 
insoluble,  in  which  the  acid  is  in  excess ; 
and  the  other,  where  the  acid  is  scarcely  pre- 
dominant, soluble  in  water.  Nitric  acid  of 
1.25  sp.  gr.  digested  with  fibrin  turns  it  yellow, 
and  forms  a small  quantity  of  fat  on  the 
surface.  Pare  azotic  gas  is  given  out.  After 
a days  digestion  the  fibrin  becomes  a yellow 
powder,  which  turns  to  orange  by  washing, 
and  is  less  acid,  but  still  remains  enough  to 
redden  litmus.  This  substance,  first  discovered 
by  Fourcroy  and  Vauquelin,  was  supposed  by 
them  to  be  a new  acid,  and  called  by  them 
Acide  Jaime , but  professor  Berzelius  considers 
it  as  a compound  of  fibrin,  with  nitric  or  nitrous 
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add,  and  with  the  j italic  acid  formed  by  the 
action  of  the  nitric  acid  on  the  fibrin.  The 
latter  acid  is  thus  detected  : the  yellow  powder 
above  mentioned  is  first  boiled  with  alcohol, 
which  when  cool  deposits  an  adipocerous  matter, 
that  is  to  be  removed.  The  liquor  is  then 
digested  with  water  and  chalk,  which  slowly 
dissolves  the  earth  with  some  effervescence, 
and  this  solution,  made  clear  by  filtration,  is 
evaporated  to  a syrupy  consistence,  and  then 
mixed  with  alcohol,  which  dissolves  one  part 
and  precipitates  another.  The  precipitate  has 
all  the  characters  of  mnlat  of  lime.  The  part 
dissolved  in  the  alcohol  is  nitrat  of  lime. 

Caustic  alkali  first  enlarges,  then  dissolves 
fibrin  forming  a yellowish  green  liquor.  The 
fibrin  is  somewhat  changed  by  this  process,  for 
acetic  acid  which  separates  it  from  the  alkaline 
solution  will  now  no  longer  redissolve  it.  But 
nothing  like  a true  soap  is  produced  by  the 
action  of  alkali  on  fibrin. 

The  Colouring  Mailer.  To  obtain  this  in 
tolerable  purity  the  crassamentum  of  blood 
was  cut  into  thin  slices,  and  dried  on  sheets  of 
blotting  paper.  This  was  rubbed  with  water 
which  extracted  so  much  as  to  acquire  a very 
deep  brown  colour.  This  solution  was  coagu- 
lated by  heat,  forming  a dark  brown  matter 
which  when  dried  under  a press  was  a black 
hard  substance,  with  a vitreous  fracture,  and 
was  considered  as  the  colouring  matter. 

The  properties  of  this  matter  are  so  nearly 
the  same  as  those  of  fibrin  that  we  shall  not 
enumerate  them.  They  are  distinguished  chiefly 
by  the  difference  in  colour,  and  by  the 
fibrin  coagulating  spontaneously  as  soon  as 
drawn,  whereas  the  colouring  matter  requires 
to  be  heated.  Albumen  has  the  same  general 
properties  and  habitudes  with  acids,  so  that 
the  greatest  chemical  difference  between  fibrin, 
albumen,  and  colouring  matter,  consists  in  the 
colour  of  the  latter,  and  this  leads  to  the  still  pro- 
blematical question  as  to  the  cause  of  the 
Colour  of  the  Blood. 

The  author  asserts  (contrary  however  to  the 
experiments  of  some  chemists)  that  oxyd  of 
iron,  which  is  found  in  a notable  quantity  in 
the  ashes  of  the  colouring  matter,  is  not  con- 
tained (or  at  least  only  in  an  infinitely  small 
portion)  in  the  ashes  of  fibrin  or  albumen. 

We  have  already  stated  in  our  former  article 
the  opinion  of  Fourcroy  and  Vauquelin  on  the 
mode  in  which  the  iron  that  they  suppose 
colours  the  blood  exists  in  that  fluid,  being  a 
red  sub-phosphat  dissolved  in  albumen.  Par- 
mender  and  Dcycux  suppose  that  the  naked 


alkali  of  blood  is  the  great  agent  that  holds  in 
solution  this  colouring  metal.  But  our  author 
conceives  that  all  are  mistaken,  and  that  the 
mode  in  which  the  iron  is  combined,  is  totally 
unknown,  though  he  attributes  the  colour  to 
the  presence  of  this  metal,  but  not  as  an  oxyd 
united  to  any  acid. 

By  incineration  of  20  grammes  of  colouring 
matter  till  the  charcoal  was  completely  de- 
stroyed, he  obtained  0.25  gramme  of  a yellow- 
ish-red ash.  100  parts  of  this  ash  accurately 
analyzed,  gave  the  following  results,  viz. 

Oxyd  of  iron 50.0 

Sub-phosphat  of  iron  ...  7.5 

Phospliat  of  lime  with  a £ ^ q 

little  magnesia  . . . $ 

Pure  lime 20.0 

Carbonic  acid  and  loss  . . 1 6.5 


100.0 


But  the  phosphat  of  iron  was  probably  not 
contained  as  such  in  the  colouring  matter,  hut 
was  produced  by  the  process  of  the  analysis. 
The  chief  arguments  which  the  author  brings 
against  Messrs.  Fourcroy  and  Vauquelin’s  hy- 
pothesis, are  the  want  of  any  precipitate  when 
.the  prussiates,  gallic  acid,  barytic  water,  phos- 
phoric acid,  and  sulphuret  of  potash  are  added 
to  the  colouring  matter,  all  of  which  would  act 
differently  on  any  solution  of  a sail  of  iron,  such 
as  the  sub-phosphat  is.  He  also  shews  (and  this 
is  in  direct  opposition  to  the  above  French 
chemists)  that  the  sub-phosphat  artificially  pre- 
pared and  mixed  with  serum,  does  not  produce 
any  thing  at  all  resembling  the  colouring  mat- 
ter of  blood,  but  only  a rusty  coloured  liquid, 
from  which  the  colouring  matter  may  be  totally 
separated  by  mere  filtration.  It  is  true  that 
many  of  the  oxyds  of  iron  are  largely  soluble  in 
serum,  but  these  solutions  easily  shew  the  pre- 
sence of  this  metal  with  those  tests  that  fail  to 
discover  it  in  the  b'ood  itself.  The  prussiats 
alone  do  not  disturb  the  solution  of  iron  in  al- 
bumen, as  the  solvent  of  the  metal  is  not  an 
acid. 

Of  the  Scrum , Albumen , and  Sails  of  the 
Blood. 

The  chemical  properties  of  albumen  are  so 
nearly  the  same  as  those  of  fibrin,  that  the  same 
description  will  serve  for  both.  The  ash  of 
burnt  albumen  is  white  and  perfectly  free  from 
iron.  It  chiefly  consists  of  phosphat  and  car- 
bonat  of  lime,  with  a little  magnesia. 

Human  blood  differs  but  little  from  that  of 
the  ox  in  its  chemical  analysis.  The  serum  of 
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human  blood  is  thus  composed  according  to  our 
author,  viz. 

Water 905.0 

Albumen . 80.0 

Substances  soluble  in  alcohol,  viz. 

Muriat  of  potash  and  soda  . 6.  > 10.0 

Lactate  of  soda  with  animal  matter  4.  J 
Substances  soluble  only  in  water,  viz . 5 

Soda,  phosphatof  soda,  and  a little  > 4.1 

animal  matter  J 


999.1 


This  analysis  has  a very  satisfactory  agree- 
ment with  that  of  Dr.  Marcet  just  stated,  con- 
sidering the  varying  nature  of  the  blood  and 
the  difficulties  of  analysis.  There  is  one  sub- 
stance however  now  for  the  first  time  intro- 
duced by  Professor  Berzelius  as  a component 
part  of  this,  and  indeed  of  most  other  animal 
fluids,  which  is  the  Lactate  of  Soda. 

The  Lactic  Add  was  first  discovered  by 
Scheele,  and  by  him  was  considered  as  having 
sufficiently  distinct  properties  to  be  entitled  to 
a place  among  the  list  of  particular  acids.  Lat- 
terly however  some  eminent  French  chemists 
have  sought  to  prove  that  the  supposed  Lactic 
acid  is  only  a combination  of  acetous  acid  with 
some  animal  matter.  But  it  appears  that  the 
only  proof  of  the  identity  of  this  with  the  acetous 
acid  has  been  the  production  of  vinegar  when 
the  lactic  acid  is  distilled  with  the  sulphuric,  in 
which  case  there  condenses  in  the  receiver  a 
mixture  of  sulphureous  and  empyreumatic  ace- 
tous acid,  from  which  the  latter  is  obtained 
pure  by  subsequent  rectification.  To  this  Pr. 
Berzelius  objects  that  by  a parity  of  reasoning 
all  the  vegetable  acids  hitherto  considered  as 
distinct  species  might  be  reckoned  as  acetous, 
modified  by  some  peculiar  substance,  since  they 
all  yield  acetous  acid  when  distilled  with  the 
sulphuric. 

Many  chemists,  he  observes,  have  noticed  in 
their  analysis  of  animal  fluids  that  the  alcoholic 
solution  when  evaporated  leaves  a yellow  deli- 
quescent extractive  mass.  This  contains  Lac- 
tate of  Soda  and  an  animal  matter  which  alw'ays 
accompanies  it,  but  may  be  separated  by  tannin. 
To  analyze  it,  dissolve  the  whole  in  alcohol, 
add  a mixture  of  sulphuric  acid  diluted  with 
much  alcohol  as  long  as  there  appears  any  pre- 
cipitate, which  is  sulphat  of  soda.  Digest  the 
spirituous  solution  (which  often  contains  the 
sulphuric,  muriatic,  lactic  and  phosphoric  acids) 
• Phil.  Trans,  for  I S08.  k Ibid 


with  carbofiat  of  lead,  and  all  these  acids  wiil 
unite  with  the  oxyd  of  lead  ; but  of  these  the 
lactate  alone  wiil  be  soluble  in  alcohol  which 
is  therefore  to  be  added.  Then  decant  the  al- 
coholic solution,  separate  the  lead  by  a current 
of  sulphuretted  hydrogen  gas,  and  the  clear 
liquor  will  contain  the  lactic  acid.  This  may 
be  further  evaporated,  but  cannot  be  crystal- 
lized. 

BORACITE. 

The  primitive  form  of  this  substance  is  a 
cube  ■,  and  it  is  remarkable  that  in  the  secondary 
crystals  those  parts  which  correspond  to  the 
opposite  solid  angles  of  the  primitive  nucleus 
aie  destitute  of  that  symmetry  which  prevails 
in  most  crystalline  bodies  ; in  this  respect  how- 
ever they  are  analogous  to  the  secondary  crys- 
tals of  tourmaline,  and,  like  these,  are  electric 
by  heat,  and  exhibit  on  the  opposite  dissimilar 
faces,  at  one  extremity  positive,  and  at  the  other 
negative  electricity. 

BORACIC  ACID.  Boracium. 

The  powerful  deoxygenating  energy  of  Po- 
tassium has  been  very  successfully  applied  to 
the  discovery  of  the  basis  of  the  boracic  acid, 
the  decomposition  of  which  had  frequently  been 
attempted  before  without  success.  The  fact 
of  the  production  of  a new  olive  colourecf 
substance  from  boracic  acid  on  the  negative 
surface  of  a powerful  galvanic  pile  was  indeed 
the  first -approach  to  the  knowledge  of  the  base 
of  this  acid  made  by  Sir  H.  Davy  j and  the 
same  chemist  some  time  after  announced  the 
production  of  a black  substance,  on  igniting 
boracic  acid  in  a gold  tube  with  potassium.  k 
Since  this  time  more  numerous  and  very  simi- 
lar experiments  were  carried  on  nearly  at  the 
same  period  both  in  this  country  and  by  Messrs. 
Gay  Lussac  and  Thenard,c  from  which  the 
following  properties  have  been  made  out  of  the 
base  of  this  acid,  to  which  the  French  chemists 
have  given  the  name  of  Bore , and  Sir  H. 
Davy,  Boracium. 

Boracium  is  thus  prepared.  Take  some  pure 
boracic  acid,  which  is  done  by  decomposing 
borax,  either  by  sulphuric  or  muriatic  acid,  but 
if  the  sulphuric  is  used,  the  precipitated  boracic 
acid  must  be  fused  for  a few  minutes  in  a 
Hessian  crucible  to  expell  some  of  the  sul- 
phuric acid  that  adheres  to  it.  A platina  crucible 
will  not  answer,  as  it  would  be  soon  spoilt  by 
the  operation.  If  muriatic  acid  is  employed, 
the  boracic  is  pure  at  first,  and  then  crystallizes 
in  very  small  scales,  whereas  when  it  contains 
a little  of  the  sulphuric,  the  scales  are  mueh- 
>r  1&0!>.  * Rechcrches,  tom.  1. 

L> 


VOL.  lit. 


BOR 


BOR 


C 82  ) 


larger  and  broader.  Put  equal  parts  of  the 
boracic  acid  reduced  to  fine  powder,  and  of 
potassium  into  a small  tube  either  of  coated 
glass  or  of  brass,  copper,  or  iron,  and  adapt  a 
narrow  glass  tube  dipping  under  mercury  to 
keep  out  the  external  air.  Then  gradually  heat 
the  ingredients  in  a small  furnace  till  the  tube 
becomes  of  a low  red,  and  keep  it  thus  for  a 
few  minutes  and  the  operation  is  finished. 
Scarcely  any  gas  is  expelled  in  the  process,  but 
as  soon  as  the  heat  reaches  a certain  point,  a 
vivid  inflammation  takes  place,  which  melts  the 
glass  tube  if  more  than  a few  grains  of  each 
material  are  used  ; so  that  on  this  account  a 
copper  tube  is  preferable.  The  product  of  this 
experiment  is  an  olive-coloured  earthy  looking 
matter,  which  when  boiled  for  a few  minutes 
partly  dissolves  in  water  leaving  behind  a dark 
olive- coloured  powder  which  should  be  well 
edulcorated  with  sufficient  muriatic  acid  to 
neutralize  the  excess  of  alkali,  and  dried.  The 
solution  contains  borat  of  potash  and  an  excess 
of  caustic  potash ; the  olive  powder  is  the 
Boracium.  With  equal  parts  of  boracic  acid 
and  potassium  there  is  always  a great  proportion 
of  the  acid  undecomposed,  for  Sir  H.  Davy 
finds  that  20  grains  of  potassium  are  required 
to  decompose  8 grains  of  the  acid,  but  no  in- 
convenience arises  from  this  deficiency  of  po- 
tassium besides  the  loss  of  a little  boracic  acid, 
as  the  boracium  is  completely  separated  by 
water  from  the  potash  and  borat  of  potash. 

Boracium  is  an  opake  friable  insipid  powder, 
neither  acid  nor  alkaline.  It  neither  melts  nor 
volatilizes  when  strongly  heated  in  close  vessels 
"Tut  only  becomes  denser.  It  is  insoluble  in 
water,  alcohol,  ether  or  oils.  When  it  is  gently 
heated  in  a retort  filled  with  oxygen  gas,  it 
kindles  and  burns  with  most  vivid  scintillations 
and  a brilliant  light.  A sublimate  rises  from 
it,  which  is  boracic  acid,  and  a coating  of  the 
same  acid  also  vitrifies  around  the  burning  mass, 
which,  after  a while,  extinguishes  the  combus- 
tion before  the  mass  is  entirely  converted  to 
acid;  and  hence  it  remains  black,  and  only 
partly  soluble  in  water,  the  insoluble  portion 
being  combustible  as  before.  Boracium  also 
burns  in  common  air  when  heated  red-hot,  and 
the  combustion  is  only  partial  for  tire  same 
cause.  When  boracium  is  placed  in  contact 
with  oxymuriatic  gas  at  a common  temperature, 
it  instantly  takes  fire  and  burns  with  a brilliant 
white  light,  and  a white  sublimate  coats  the  ves- 
sel, which  when  moistened  yields  boracic  acid. 
When  thrown  into  nitric  acid,  boracium  renders 
it  bright  red,  and  when  heated,  there  is  much 
.effervescence  of  nitrous  gas,  the  boracium  dis- 


appears and  the  acid  liquor  contains  boracic 
acid.  Boracium  heated  with  most  neutral 
salts  deprives  their  acids  of  the  oxygen  which 
they  contain.  Thus  when  calcined  in  close  ves- 
sels with  sulphat  or  sulphite  of  soda,  borat  of 
soda  and'  sulphur  are  formed:  when  heated 
with  nitre  or  oxymuriat  of  potash,  much  defla- 
gration ensues,  and  borat  of  potash  is  produced. 
It  also  decomposes  carbonat  of  soda  in  a high 
temperature,  forming  borat  of  soda  and  charcoal. 

There  is  some  difficulty  in  fixing  with  any 
accuracy  the  proportions  of  boracium  and  oxy- 
gen in  boracic  acid  ; for  in  any  common  mode 
of  burning  these  two  substances,  the  operator  is 
obliged  to  interpose  several  lixiviations  of  the 
product  on  account  of  the  imperfect  combustion 
for  the  reason  already  described.  The  oxyge- 
nation by  nitric  acid  answers  better,  for  when 
boracium  is  boiled  for  some  time  in  this  acid,  it- 
is  totally  changed  to  boracic  acid,  the  weight 
of  which  after  boiling  clown  and  ignition 
indicates  that  this  acid  contains  one  third  cf 
oxygen  and  two-thirds  of  base.  These  propor- 
tions however,  which  are  those  of  the  French 
chemists,  do  not  even  approach  to  those  of  Sir 
H.  Davy,  who  estimates  about  two  parts  of 
oxygen  to  one  of  base.  As  the  olive-coloured 
substance  obtained  by  potassium  and  boracic 
acid  does  not  conduct  electricity,  and  combines 
with  alkalies,  it  is  conjectured  by  this  chemist  to 
be  not  the  pure  base  but  a primary  oxyd  ; and 
when  some  of  it  is  heated  strongly  with  potas- 
sium and  iron  filings,  a dark  metalline  mass  is 
formed  which  conducts  electricity,  slightly  ef- 
fervesces in  water,  and  by  solution  in  nitric  acid 
gives  oxyd  of  iron  and  boracic  acid. 

If  this  conjecture  be  well  founded,  there  would 
appear  to  be  three  substances  here  concerned, 
namely : the  base  of  boracic  acid  or  Boracium 
which  is  still  not  known:  the?  Olive  oxi/d  above 
described  and  improperly  called  boracium  ; and 
the  boracic  acid.  From  some  appearances  in 
one  of  the  experiments  it  appears  also  not  im- 
probable that  there  is  a blackish  oxyd  containing 
more  oxygen  than  the  olive  matter  and  interme- 
diate therefore  between  this  and  boracic  acid. 
BRAUN  SPATH. 

This  substance  from  the  supposed  identity 
of  its  primitive  crystalline  form  is  considered 
by  Hauy  as  carbonate  of  lime,  with  a variable 
and  accidental  proportion  of  carbonate  of  iron, 
Chau x carbon ulce  ferrifere).  But  Dr.  Wol- 
laston has  shown  that  the  obtuse  angle  of 
its  primitive  rhomboid  measures  1 0 7°. 0,  instead 
of  105°. 5'  that  of  calcareous  spar. 

BRQNZITE,  see  Dxallag*. 
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CALCIUM.  Base  of  Lime. 

Ti  e same  evidence  for  the  existence  of  a 
Base  of  Lime  is  obtained  both  by  analogy  and 
by  direct  experiment  as  for  the  base  of  Barytes 
or  Barium,  and  the  mode  of  obtaining  Calcium 
is  the  same  as  that  described  for  Barium , sub- 
stituting pure  white  marble  or  chalk  to  the  car- 
bonat  of  barytes.  Calcium  has  been  procured 
in  such  minute  quantities  that  but  iittle  is 
known  about  it,  except  that  is  a bright  white 
metal  which  produces  lime  when  oxydated.1 

Lime  appears  to  consist  of  about  40  of  cal- 
cium to  15  oxygen.  When  lime  is  moistened 
with  water  or  slacked,  and  dried  at  a heat  short 
of  redness,  it  retains  a portion  of  water  and  is 
then  properly  a hydrat  of  lime,  and  it  consists 
of  about  17  of  water  to  55  of  lime.  A red 
heat  again  expells  all  the  water,  so  that  lime 
does  not  retain  water  so  obstinately  as  the  fixed 
alkalies,  which  remain  hydrats  even  when  fused 
by  themselves  at  a red  heat. 

CAMPHOR.  Camphoric  Acid. 

M.  Bucholzb  has  made  several  experiments 
On  this  acid,  particularly  with  a view  of  com- 
paring its  properties  with  those  of  the  benzoic 
acid. 

He  prepares  this  acid  in  the  following  way. 
Two  ounces  of  camphor  are  mixed  with  a pound 
and  a half  of  nitric  acid  of  1.25  sp  gr.  and  half 
a pound  of  the  same  acid  of  1.55  sp.  gr. : half 
the  acid  is  distilled  over  with  a gentle  heat  and 
then  returned  on  the  materials  in  the  retort 
and  again  distilled  as  before,  and  this  is  re- 
peated three  times.  After  the  second  distillation 
no  more  of  the  camphor  appears  than  a little 
oil  of  camphor  floating  on  the  acid.  When  the 
process  is  concluded,  the  camphoric  acid  is 
found  above  the  acid  in  the  form  of  a white 
butyraceous  matter.  This  is  separated  from 
the  acid  by  a glass  funnel,  and  is  further  freed 
from  the  adhering  acid  by  being  dissolved  in 
boiling  water,  when  it  crystallizes  pure  on  cool- 
ing. From  two  ounces  of  camphor  about  five 
drams  of  the  crystallized  acid  are  obtained,  be- 
sides a portion  which  may  be  washed  away  by 
the  water  employed  to  separate  the  adhering 
acid.  Care  must  be  taken  not  to  urge  the  dis- 
tillation of  the  nitric  acid  too  quickly,  as  it 
would  then  decompose  the  camphor  instead  of 
-acidifying  it ; and  this  is  marked  by  a brown 
colour  in  the  residue. 

The  camphoric  acid  separates  from  its  so- 


lution in  hot  water  in  feathery  crystals  like 
those  of  muriated  ammonia. 

Camphoric  acid  requires  for  its  solution  100 
parts  of  cold  water,  but  only  11  parts  of  boil- 
ing water.  It  dissolves  in  its  own  weight  of 
alcohol  at  a common  temperature,  but  in  every 
proportion  when  boiling,  forming  a liquid  mass 
which  solidifies  on  cooling,  if  the  acid  is  in 
large  proportion. 

Camphor  at  of  Lime.  To  50  grains  of  cam- 
phoric acid  in  3 ounces  of  water,  carbonat  of 
lime  in  powder  was  added  gradually.  The  ef-> 
fervescence  ceased  when  30  grains  of  the  car- 
bonat had  been  added,  but  it  still  strongly 
reddened  litmus,  which  shews  the  existence  of 
a camphorat  of  lime  with  excess  of  acid.  When 
this  solution  is  saturated  with  lijne  and  much 
reduced  by  evaporation,  it  crystallizes,  but  not 
in  very  defined  crystals.  The  taste  of  this  so- 
lution is  neither  salt  nor  bitter,  but  somewhat 
acerb,  and  leaving  a taste  of  lime,  so  that  this 
crystallized  salt  is  probably  with  an  excess  of 
base.  This  salt  requires  only  five  parts  of  cold 
water  to  be  dissolved. 

Camphorat  of  Potash.  When  the  saturated 
solution  is  brought  to  a syrupy  consistence  and 
left  to  evaporate  spontaneously,  small  granular 
crystals  are  formed,  which,  when  warmed, 
again  liquefy 

In  all  the  above  described  properties  the  qam- 
phoric  acid  differs  very  sensibly  from  the  ben- 
zoic. 

Camphor.  A singular  combination  of  this 
substance  and  Benzoic  acid  is  described  under 
this  latter  article  in  the  Appendix. 

Some  further  observations  on  Kind’s  artificial 
camphor  produced  from  muriatic  acid  and  oil 
of  turpentine  have  been  made  by  Thenard. 
The  original  experiments  of  Kind  have  been 
already  described  ( Chem.  Diet.  art.  Camphor ) 
that  of  Thenard,  which  agrees  most  accurately 
with  the  other,  is  as  follows  : A hundred 
grammes  of  rectified  oil  of  turpentine  were  put 
into  a vessel  surrounded  wi  h a freezing  mix- 
ture of  ice  and  salt,  and  muriatic  acid  gas  intro- 
duced, of  which  30  grammes  were  absorbed. 
No  gas  was  given  out  except  muriatic,  when  the 
oil  of  turpentine  began  to  be  saturated.  The 
mixture  assumed  a soft  consistence  and  became 
a crystalline  mass  ; and  after  draining  three  days, 
20  grammes  of  a liquid  separated,  leaving  nearly 
110  grammes  of  the  peculiar  white  granulated 
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substance,  which  is  the  artificial  camphor 
When  this  is  washed  by  a weak  alkaline  solu- 
tion, all  acidity  sensible  to  the  taste  and  to  test 
liquors  is  lost ; yet  when  it  is  sublimed  or 
passed  through  a red-hot  earthen  tube,  much 
muriatic  acid  appears ; and  also  when  nitric 
acid  is  boiled  upon  it,  much  nitro-muriatic  acid 
is  given  out.  The  fluid  portion  that  drained 
from  the  mass  had  a similar  composition  and 
contained  much  muriatic  acid.  These  drainings 
are  black  if  common  oil  of  turpentine  be  used. 

With  regard  to  the  nature  of  this  singular 
substance  M.  Thenard  denies  the  probability  of 
any  decomposition  of  the  oil,  but  considers  it 
as  a mere  compound  of  muriatic  acid  and  oil, 
in  which  the  union  is  so  intimate,  that  all  the 
sensible  pronerties  of  an  acid  are  lost. 

CANTHARIDES.  Spanish  Flv.  The 
well  known  acrimonv  of  this  insect  shewn  in 
its  powerful  blistering  quality,  has  often  made 
it  the  subject  of  chemical  examination,  chiefly 
with  a view  of  separating  the  principle  in  which 
this  acrimony  resides.  M.  Ro'oiquet  a gives 
the  following  method  of  obtaining  it.  Boil  any 
quantity  of  bruised  cantharides  in  distilled 
water,  strain  off  the  reddish-brown  decoction, 
and  add  more  water  to  the  residue  to  extract 
all  that  is  soluble.  Mix  and  evaporate  all  the 
decoctions  in  a moderate  heat  to  the  consistence 
of  a soft  extract,  and  digest  this  repeatedly  in 
boiling  alcohol  till  the  soluble  part  is  taken  up, 
neglecting  the  residue,  which  is  a mild  inert 
matter.  This  alcoholic  solution  is  yellow  and 
excessively  acrid.  Evaporate  this  nearly  to 
dryness,  then  put  the  extract  which  is  left, 
into  a phial  with  cold  sulphuric  ether,  and  fre- 
quently shake  them.  In  a day  or  two  the  ether 
becomes  of  a pale  yellow.  Pour  off  the  clear 
etherial  solution  and  let  it  evaporate  totally  in 
the  air.  It  will  deposit  scales  resembling  mica, 
mixed  with  a little  oil  which  alcohol  will  re- 
move. These  scales  are  intensely  acrid,  and 
seem  to  contain  nearly  all  the  blistering  pro- 
perties of  the  fly  itself.  The  smallest  visible 
portion  of  them  dissolved  in  oil  when  applied  to 
the  skin,  will  raise  a blister  in  an  hour  or  two. 

The  residue  of  the  cantharides  in  substance, 
after  the  decoction  in  water  is  poured  off,  will 
give  a tincture  to  alcohol,  which  when  evapo- 
rated leaves  a green  unirritating  oil. 

CARBON.  Carbonic  Acid  Diamond. 

We  have  to  give  a short  account  of  two  or 
three  very  important-  series  of  experiments  on 
the  combustion  of  different  species  of  charcoal, 
on  the  proportions  of  base  and  oxygen  in  carbo- 

» Ann.  Cliim.  tom.  7<J.. 


nic  acid,  and  on  the  supposed  identity  of  the 
diamond  with  charcoal. 

The  first  to  be  mentioned  are  those  of  Messrs. 
Allen  and  Pepys.b 

The  object  of  these  accurate  chemists  was  to 
consume  certain  known  quantities  of  diamond 
and  other  carbonaceous  substances  in  oxygen, 
gas  and  thereby,  to  determine  the  quantity  of 
carbonic  acid  produced.  The  apparatus  con- 
sisted of  a platina  tube,  holding  a platina  tray 
that  contained  the  substance  to  be  burned,  and 
was  itself  strongly  heated  by  a furnace  into 
which  the  tube  was  inserted.  The  tube  was 
connected  with  and  between  two  mercurial 
gasometers,  and  these  were  so  contrived  that 
oxygen  gas  could  be  transmitted  alternately  from 
one  gasometer  to  the  other,  each  time  passing 
through  the  ignited  platina  tube  that  contained 
the  substance  to  be  examined. 

The  oxygen  gas  was  prepared  from  oxvmurlat 
of  potash,  and  used  a few  hours  after  it  had 
been  procured;  its  purity  being  first  ascertained 
by  the  eudiometrical  test  of  sulphat  of  iron 
holding  nitrous  gas  in  solution,  to  absorb  the 
oxygen  of  the  portion  analyzed,  followed  by 
simple  sulphat  of  iron  to  absorb  any  nitrous  gas 
that  might  have  been  expelled  from  the  first 
liquid. 

The  charcoals  which  were  made  the  subject 
of  the  first  experiments  were  prepared  directly 
from  different  kinds  of  wood,  each  of  which 
was  put  into  a small  crucible  and^covered  with 
sand,  and  was  gradually  ignited  and  finally  kept 
for  about  40  minutes  at  a white  heat.  In  this 
way  the  woods  employed  yielded  from  15  to  20 
per  cent,  of  their  weight  of  dry  charcoal.  As 
it  was  found  that  dry  charcoal  when  exposed 
to  the  air  increased  from  10  to  about  20  per 
cent,  of  its  weight  by  the  absorption  of  mois- 
ture, the  specimens  employed  for  the  experi- 
ments were  again  heated  immediately  before  the 
experiment  and  weighed  whilst  still  warm. 

The  gasses  were  all  estimated  at  the  same 
temperature  of  60°,  and  at  30°  inches  baro- 
meter. The  correction  for  expansion  by  heat 
was  taken  from  the  datum  of  Gay  Lussac,  who 
asserts,  that  air  expands  0.00208,  or  Part 
of  its  bulk,  for  every  degree  of  Fahrenheit  from 
32°.  to  212°.  which  very  nearly  agrees  with  Mr. 
Dalton’s  estimation.  The  quantity  of  gas  to  be 
estimated  was  therefore  divided  by  480,  and  the 
quotient  multiplied  by  the  degrees  of  difference 
from  00°.  for  the  correction  tor  temperature. 

A preliminary  object  was  to  estimate  the  ex- 
act weight  of  oxygen  and  carbonic  acid  gas. 

► Phil.  Trans,  for  1807. 
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The  carbonic  acicl  gas  was  obtained  from  marble 
and  dilute  sulphuric  acid,  and  was  of  such 
purity  that  99  parts  out  of  100  were  absorbed  by 
lime  water. 

A glass  globe  previously  exhaused  of  air,  was 
filled  with  21  cubic  inches  of  the  carbonic  acid 
gas  in  the  state  in  which  it  was  procured, 
which  Weighed  10.2  grains  at  44°.  therm,  and 
29.86.  bar." 

These  21.  cubic  inches  equalled  21. 5S  at 
mean  pressure  and  temperature,  and  hence  100. 
cubic  inches  of  carbonic  acid  gas  weigh  under 
these  circumstances  47.26  grains. 

Oxygen  gas  was  then  obtained  from  oxymu- 
riat  of  potash  over  mercury,  which  when  ana- 
lyzed by  the  nitrous  sulphat  of  iron,  left  an  un- 
absorbed residue  of  only  2 in  100.  The  glass 
globe  holding  21  cubic  inches  was  filled  with 
this  oxygen  under  the  same  pressure  and 
temperature,  which  weighed  7.5  grains.  Hence 
the  weight  of  100  cubic  inches  of  oxygen  of  98 
per  cent,  purity  weigh  at  60°.  ther.  and  50’. 
bar.  55.82  grains. 

The  experimenters  then  .ascertained  by  trials 
on  known  mixtures  of  carbonic  acid  gas  and 
oxygen,  that  lime  water  would  extract  the 
whole  of  the  carbonic  acid  from  such  a mixture. 

The  experiments  on  fhe  combustion  of  char- 
coal were  then  performed  by  passing  oxygen 
from  one  gasometer  to  the  other  through  the 
platina  tube  containing  the  charcoal  already 
heated  to  redness.  The  results  of  each  experi- 
ment were  as  follows : 

1.  Four  grains  of  Box-wood  charcoal  were 
all  consumed  except  0.02  grains  of  ash,  and 
produced  15.76  grains  of  carbonic  acid,  which 
occupied  exactly  the  same  volume  as  the  oxygen 
of  which  it  was  composed.  No  flash  of  light 
was  observed  during  the  combustion,  whence 
the  absence  of  hydrogen  was  inferred..  The 
5.98  grains  of  pure  charcoal  took  9.85  grains 
of  oxygen  for  its  combustion,  which  should 
therefore  have  produced  15.85  grains  of  car- 
bonic acid.  The  actual  quantity  of  carbonic 
acid  obtained  was  15.76  grains,  making  a dif- 
ference of  only  .07.  It  may  be  observed  that  on 
analyzing  the  entire  gas  at  the  end  of  the  expe- 
riment, after  removing  the  carbonic' acid  gas  by 
lime-water,  and  the  oxygen  by  nitrous  sulphat 
of  iron,  exactly  the  same  proportion  of  unab- 
sorbed residue  was  left  as  the  oxygen  itself  fur- 
nished before  the  experiment,  whence  it  was 
inferred  by  the  experimenters  (and  with  great 
probability)  that  no  gas  whatever  was  furnished 
dy  the  combustion  of  the  charcoal  except  car- 


bonic acid.  This  residue  however  was  not  ac- 
tually analyzed,  but  was  taken  as  azote. 

Calculating  from  the  quantity  of  oxygen  and 
charcoal  actually  consumed  in  this  experiment, 
the  carbonic  acid  should  be  15.85  grains,  which 
would  give  28.77  grains  of  charcoal  in  100 
grains  of  carbonic  acid. 

Calculating  from  the  volume  of  carbonic  acid 
actually  produced,  which  was  29.15  cubic 
inches,  its  weight  (from  the  data  originally 
found)  must  be  15.76  grains,  which  contained 
the  5.98  grains  of  charcoal  consumed,  and  hence 
100  grains  of  carbonic  acid  must  contain  28.92 
grains  of  charcoal. 

2.  The  second  experiment  was  on  the  com- 
bustion of  transparent  Brazilian  diamond.  This 
was  performed  precisely  in  the  same  manner  as 
the  last.  The  oxygen  gas  was  repeatedly  passed 
over  the  red-hot  diamonds  for  ten  minutes. 
The  combustion  did  not  raise  the  heat  to  white- 
ness as  with  charcoal,  as  it  went  on  more  slowly. 
The  portions  of  diamond  that  remained  uncon- 
sumed at  the  end  of  the  experiment  were  all  re- 
duced to  an  opake  white  substance  resembling 
enamel.  There  v/as  no  discolouration  of  the 
platina  vessel  nor  any  ash  whatever.  Out  of 
5.95  grains  of  diamonds  employed,  2.49  grains 
were  consumed.  The  results  will  be  given 
presently  in  a tabular  form.  No  water  what- 
ever was  condensed  in  the  gasometer  after  the 
experiment. 

5.  A second  experiment  was  made  on  4.01 
grains  of  diamonds.  In  a quarter  of  an  hour 
they  were  totally  consumed,  and  not  a vestige 
left. 

4.  The  next  experiment  was  made  on  Welch 
stone-coal  or  culm,  used  by  maltsters,  which 
contains,  little  or  no  maltha,  and  burns  without 
flame.  This  was  previously  strongly  heated 
upper  sand.  The  oxygen  was  passed  over  four 
grains  of  it  in  the  platina  tube  for  ten  minutes, 
and  the  whole  was  consumed  except  half  a grain 
of  residue. 

5.  Plumbago  was  next  tried.  In  a quarter 
of  an  hour  4 grains  of  it  were  consumed  except 
.2  of  a grain  of  oxyd  of  iron. 

6.  Muscular  fibre  distilled  in  a coated  glass 
retort,  left  a black  shining  animal  charcoal, 
4 grains  of  which  were  put  into  the  platina  tube 
and  heated.  The  first  time  the  oxygen  gas 
passed  over  it,  a lambent  flame  filled  the  whole- 
of  the  glass  tube,  connecting  the  platina  tube 
with  the  gasometer.  After  the  experiment,  a 
minute  portion  of  charooal  remained,  and  a 
quantity  of  saline  matter  adhered  to  it  so  firmly. 
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that  it  became  impossible  to  ascertain  the  carbon 
consumed. 

7.  Some  of  the  animal  charcoal  was  heated 
to  redness  under  sand  for  an  hour,  after  which 
4 grains  of  it  were  put  into  the  platina  tube. 
On  first  passing  the  oxygen  over  it,  flashes  ran 
along  the  glass  tube,  and  the  whole  gas  became 
cloudy.  The  platina  tube  after  the  experiment 
had  lost  3.2  grains,  but  this  loss  was  not  wholly 
carbon,  as  some  of  the  salts  contained  in  the 
animal  charcoal  might  have  been  volatilized  by 
the  heat,  and  in  fact  the  inner  surface  of  Lne 
gasometers  was  slightly  covered  with  an  efflo- 
rescence. To  make  this  experiment  agree  with 
the  former  ones,  it  is  necessary  to  suppose  half 
a grain  of  volatile  matter  in  the  3.2  grains  of 
charcoal. 

The  results  of  the  above  experiments,  exclud- 
ing those  on  animal  charcoal,  gave  the  following 
weight  of  carbon  in  100  carbonic  acid. 

Estimating  by  Estimating  by 


Carbonic  Acid.  Oxygen. 

Box-wood  Charcoal 

28.92 

— 28.77 

Diamond,  1st  expt. 

28.95 

— 2S.81 

Diamond,  2d  expt. 

28.  S2 

— 28.72 

Stone  Coal 

28.20 

— 28.27 

Plumbago 

28.46 

— 28.46 

The  mean  of  the  first  column 

of  numbers  is 

28.67,  and  of  the  second  28.60. 

The  authors 

however  mention  with  great  candour,  that  two 
experiments  with  box-wood  charcoal  gave  29.75 
and  30.68  per  cent,  of  carbon ; and  one  experi- 
ment with  diamond  gave  29.90,  all  of  which  are 
rejected  from  the  mean  estimate  as  being  inac- 
curate. 

The  general  inferences  from  these  experiments 
are,  that  100.  grains  of  carbonic  acid  contain 
about  28.0  grains  of  carbon  : that  well  burnt 
charcoal  contains  no  sensible  quantity  of  hydro- 
gen, but  if  exposed  to  the  air  for  a few  minutes, 
it  absorbs  moisture,  which  renders  the  analysis 
in  this  state  uncertain ; and  that  charcoal  cannot 
with  any  propriety  be  considered  as  oxy’d  of  dia- 
mond, since  it  requires  full  as  much  oxygen  to  be 
converted  into  carbonic  acid  as  diamond  does. 

We  may  add  too  that  these  experiments  con- 
firm the  fact  first  observed  by  Lavoisier,  that 
when  oxygen  gas  is  converted  Into  carbonic  acid 
by  the  combustion  of  charcoal,  no  change  what- 

100  cubic  inches  of  undried  oxygen  at 
100  ditto  of  undried  carbonic  acid 


ever  takes  place  in  the  volume  of  the  gas,  so  that 
in  all  analyses  one  measure  of  pure  carbonic  acid 
may  be  safely  assumed  as  indicating  the  same 
measure  of  oxygen  gas. 

The  above  experiments  are  valuable  for  the 
accuracy  with  which  they  appear  to  have  been 
performed,  and  the  fidelity  with  which  the  re- 
sults are  related,  but  two  delects  have  been 
pointed  out.  One  of  them  is,  that  in  no  in- 
stance were  any  of  the  gasses  stated  to  have 
been  freed  from  hygrometric  moisture,  which 
defect  is  particularly  to  be  noticed  in  the  esti- 
mation of  the  carbonic  acid  gas,  since  in  the 
experiment  by  which  the  weight  of  this  gas  was 
first  ascertained,  it  was  procured  in  the  moist 
way  directly  from  marble  and  sulphuric  acid ; 
but  in  the  subsequent  experiments  the  carbonic 
acid  was  formed  by  ignition  of  charcoal  care- 
fully dried. 

The  other  defect  is,  that  ail  the  gas  after  com- 
bustion was  analyzed  only  by  lime-water  to  ab- 
sorb the  carbonic  acid,  and  by  nitrous  gas  in 
sulphat  of  iron  to  remove  the  oxygen  j the  re- 
sidue unabsorbed  by  either  being  assumed  as 
azote  without  further  examination.  However, 
as  this  unabsorbed  residue  in  every  instance 
almost  exactly  corresponded  with  the  original 
azotic  impurity  of  the  oxygen  employee!,  this- 
omission  is  perhaps  of  less  importance  than  the 
other. 

The  next  series  of  experiments  on  this  sub- 
ject which  we  shall  mention,  are  those  of 
Theodore  de  Saussure,c  which  were  conducted 
with  the  express  view  of  avoiding  certain 
sources  of  error  presumed  in  those  just  related. 

The  first  object  was  to  find  the  specific  gravity 
of  oxygen  and  carbonic  acid.  The  author  gives 
the  weight  of  a cubic  decimetre  (61.028  E. 
cub.  inch.)  of  oxygen  gas  not  freed  from  hygro- 
metric moisture  to  be  1.3552  grammes  (20.88 
Eng.  grains)  at  12.5°  cent,  therm.  (54.5° Fahr.) 
and  at  0.758  metre  pressure  (29.843  Eng. 
inches.) 

The  weight  of  the  same  quantity  of  moist 
carbonic  acid  gas  under  similar  circumstances, 
is  given  at  1.8578  grammes  (28.6918  Eng.  grs.) 
When  these  are  reduced  to  English  weights 
and  measures,  it  will  be  found  as  follows : 

grains. 

30°  Bar.  and  60*  Therm,  weigh  34.003 

46.727 


These  numbers,  it  maybe  remarked  by  the  way,  M.  Saussure  performed  the  combustion  of  the 

somewhat  differ  from  those  of  Messrs.  Allen  carbonaceous  substances  in  a tubulated  receiver 
and  Pepys,  who  give  "3.S2  grains  for  the  oxy-  of  about  5 j pints  capacity,  and  ignited  t lem 
gen,  and  47.26  for  the  carbonic  acid.  by  a burning  lens.  The  charcoal  was  suspended 
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<m  a platina  dish,  and  a small  vessel  full  of  dry 
muriat  of  lime  previously  weighed  was  placed 
in  the  tubulure  of  the  vessel.  The  receiver 
was  first  filled  with  mercury,  which  was  re- 
placed by  oxygen  gas  extracted  from  oxymuriat 
of  potash,  and  another  small  glass  vessel  was 
adopted,  in  which  a portion  of  the  gas  could  be 
withdrawn  for  examination. 

The  analysis  of  the  gas  was  performed  in  the 
following  way.  The^  oxygen  was  extracted  by 
hyd'rosulphuret  of  potash  saturated  with  azotic 
gas,  which  was  allowed  five  days  for  its  opera- 
tion without  agitation,  and  with  care  to  pre- 
serve a nearly  uniform  temperature,  that  no 
portion  of  the  azote  contained  in  the  eudiome- 
tric  liquor  should  be  expelled.  This  method  he 
observes  is  more  exact  thanVolta's,  of  detonating 
the  oxygen  with  hydrogen,  when  the  only  im- 
purity mixed  with  the  oxygen  is  azotic  gas  ; but 
Volta’s  is  preferable  where  any  carburetted 
hydrogen  is  present,  as  the  sulphuretted  liquor 
absorbs  a sensible  portion  of  this  latter  gas. 

To  separate  the  carbonic  acid  gas,  the  author 
prefers  a small  bulk  of  a very  concentrated  solu- 
tion of  caustic  potash  ; for  he  finds  by  direct  ex- 
periment that  lime-water,  or  rather  the  water 
alone,  absorbs  a little  oxygen  by  agitation  as 
well  as  all  the  carbonic  acid  gas,  when  no  great 
proportion  of  azote  is  present.  Therefore 
though  lime-water  will  accurately  separate  the 
carbonic  acid  alone  from  a mixture  of  this  gas 
with  common  air,  it  cannot  be  depended  on  to 
give  such  exact  results  with  a mixture  of  car- 
bonic acid  and  oxygen.  Messrs.  Allen  and 
Pepys  had  ascertained  the  accuracy  of  lirne- 
water  in  the  former  case,  but  not  in  the  latter. 

The  author  further  observes,  that  when  any 
substance  containing  hydrogen,  such  as  wood, 
oil,  &c.  is  burnt  in  oxygen  gas,  a small  quantity 
of  the  hydrogen  escapes  combustion,  however 
great  the  excess  of  the  oxygen  is,  and  even  cannot 
be  ignited  in  this  excess  of  oxygen  by  the  electric 
spark.  The  only  way  of  detecting  and  estima- 
ting this  hydrogen,  is  to  add  >100  additional 
measures  of  hydrogen  to  200  of  the  impure 
oxygen  to  be  examined,  which  are  then  in  the 
proportions  capable  of  detonation  ; and  then  to 
dbserve  whether  the  condensation  is  greater 
than  would  be  produced  by  pure  hydrogen  and 
oxygen,  allowing  200  measures  of  the  former 
to  condense  100  of  the  latter.  JV1.  Saussure 
asserts  that  every  kind  of  hydrogen,  even  that 
obtained  by  the  electrization  of  pure  water, 
contains  a small  portion  of  carbon,  so  as  to  fur- 
nish a sensible  quantity  of  carbonic  acid  when 
burnt  with  the  purest  oxygen  which  has  pre- 


viously been  agitated  with  potash.  This  car- 
bonic acid  he  finds  to  be  about  3 measures  from 
1000  of  hydrogen  and  1000.  of  oxygen,  but  it 
is  only  made  sensible  when  an  excess  of  oxygen 
is  employed  ; for  when,  on  the  contrary,  art 
excess  of  hydrogen  is  used,  scarcely  any  indica- 
tions of  carbonic  acid  are  given,  but  the  author 
asserts  that  then  the  unconsumed  hydrogen  is  to 
a certain  degree  oxy-carburetted. 

When  a mixture  of  oxygen  and  azote  is  ex- 
posed to  the  electric  spark  with  hydrogen  in 
Volta’s  eudiometer,  a sensible  quantity  of  the 
azote  is  condensed,  which  in  a single  detonation 
may  amount  to  2 percent,  of  the  azote  present. 
When  much  oxygen  remains  after  the  combus- 
tion, the  condensed  azote  furnishes  nitric  or 
nitrous  acid  but  when  the  hydrogen  is  in  ex- 
cess, the  azote  produces  nitrat  of  ammonia.- 
This  same  ammoniacal  salt  is  always  generated 
by  the  slow  combustion  of  hydrogen  and  of  oxy- 
carburetted  hydrogen  in  the  open  air. 

The  carbonaceous  substances  burnt  in  these 
experiments  were  plumbago,  anthracite,  charcoal 
arising  from  the  decomposition  of  oil  of  rose- 
mary, box-wood  charcoal,  and  the  charcoal 
which  remains  after  passing  the  vapour  of  sulphur 
through  it  in  the  preparation  of  carburetted  sul- 
phur. The  mode  of  performing  these  experiments 
was  considerably  complicated,  as  may  be  inferred 
from  the  preliminary  eudiometrical  remarks. 

We  shall  select  the  experiment  on  the  com- 
bustion of  plumbago : 0.588  grammes  of  Cor- 
nish plumbago  dried  at  a red-heat  was  burned 
in  the  receiver  full  of  oxygen  gas  for  an  hour 
by  the  sun’s  rays  collected  through  a lens.- 
There  remained  0.33  grammes  of  red  oxyd  of 
iron,  the  oxygen  of  which  was  .009.0,  and  the 
iron  therefore  was  .0231,  and  hence  the  carbon 
consumed  was  0.588  — 0.0231  =0.5649.  The 
gas  before  combustion,  reduced  to  the  standards 
pressure  and  temperature,  was  1758.8  cubic 
centimetres,  and  after  combustion  1750.4,  giv- 
ing a diminution  of  8.4.  The  vessel  of  muriat 
of  lime  enclosed  in  the  receiver  had  increased 
in  weight  5 centigrammes,  one  of  which  is 
to  be  reckoned  as  the  moisture  absorbed  from 
the  air  during  the  shoit  time  of  us  introduc- 
tion into  the  vessel  before  the  experiment,  so 
that  the  moisture  absorbed  from  tfie  gas  alone 
was  4 centigrammes,  which  is  within  ~ of 
the  quantity  of  moisture  contained  in  the  un- 
dried oxygen  at  the  temperature  employed. 
Hence  it  appeared  that  no  water  was  produced- 
by  the  combustion  or  the  plumbago. 

-The  oxygen  examined  before  combustion,  by 
the  test  of  hydrosulplnirct  of  potash,  shewed 
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1-0.25  measures  in  200  of  azotic  impurity  ; 200. 
measures  of  the  same  oxygen  were  also  deto- 
nated with  100.  of  hydrogen,  and  tire  whole 
was  reduced  to  33  measures,  so  that  567  mea- 
sures had  disappeared  in  the  form  of  water. 
Of  this,  one  [third  is  the  oxygen,  amounting 
therefore  to  189,  and  if  to  this  be  added  the 
10.25  of  azote  found  by  the  hydrosulphuret, 
the  whole  200  of  the  oxygen  employed  will  be 
accounted  for,  except  0.75,  which  is  too  small 
to  be  noticed.  Hence  the  gas  before  combus- 
tion, consisted  of 

J 669.8  measures  of  oxygen 
89.  azote 


1758.8 

The  gas  after  combustion  . amounted  to 
1750.1.  measures,  from  100  of  which  the 
caustic  potash  absorbed  63.42  of  carbonic  acid. 
Another  portion  of  the  same  gas  was  detonated 
with  a mixture  of  equal  parts  oxygen  and  hy- 
drogen, and  the  residue  with  potash  to  absorb 
the  carbonic  acid  always  produced  by  the  com- 
bustion of  oxygen  and  hydrogen,  arising  (as  the 
author  asserts)  from  the  carbonic  impurity  of 
the  hydrogen.  The  diminution  of  volume  and 
the  carbonic  acid  produced  were  no  more  than 
would  arise  from  the  hydrogen  added  to  effect 
the  detonation,  whence  it  is  inferred  that  no 
hydrogen  was  elicited  by  the  combustion  of  the 
plumbago.  Another  100  parts  cf  the  gas  re- 
maining after  the  experiment,  examined  by  hy- 
drosulphuret of  potash,  shewed  87  of  oxygen 
and  13  of  azote;  and  another  100  parts  of  the 
same  gas  detonated  with  200  of  hydrogen  were 
reduced  to  40.  shewing  86.66  per  cent,  of  oxy- 
gen and  13.31  of  azote.  Hence  the  composi- 
tion of  the  1750.4  measures  of  gas  remaining 
after  the  combustion  of  the  plumbago,  is  the 
following : 

Cubic  centimetre*. 

1110.1  of  carbonic  acid  gas 
557.06  oxygen  gas 

S3. 21  azotic  gas 


1750.4 

If  the  combustion  of  the  carbonic  acid  is  in^ 
furred  from  the  quantity  of  oxygen  gas  required 
to  produce  it,  it  will  be  found  that  the  volume 
of  oxygen  gas  consumed  by  the  combustion  is, 
1669.8 — 557.1  — 1J  12.7  cubic  centimetres,  of 
which  7.3  are  employed  to  oxydate  the  iron, 
leaving  1110.1  as  the  oxygen  entering  into  the 
carbonic  acid  produced.  Hence  converting  the 
measures  to  their  equivalent  weights,  and  adding 
the  weight  of  the  plumbago  consumed,  the  com- 


position of  100.  parts  by  weight  of  carbonic 
acid  will  be  72.64  oxygen  and  27.36  carbon. 

If  the  computation  be  made  from  the  weight 
of  die  plumbago  consumed,  and  that  of  the  car- 
bonic acid  consumed,  the  proportions  of  100. 
parts  of  this  acid  will  be  72.61  oxygen,  and 
27.39  carbon. 

The  combustion  of  box-wood  charcoal  con- 
ducted in  the  same  manner,  gave  72-85  of  oxy- 
gen to  27.15  of  carbon. 

The  charcoal  of  essential  oil  shewed  72.88 
oxygen  to  27. 12  carbon. 

As  no  hydrogen  appeared  to  be  given  out, 
either  from  the  charcoal  of  essential  oil,  or  from 
the  plumbago,  it  would  appear  that  these  are  the 
experiments  on  which  the  greatest  confidence 
may  be  placed,  and  the  mean  of  these  gives  for 
the  composition  of  iOO.  parts  by  weight  of  dry 
carbonic  acid,  27.29  parts  of  carbon  and  72.71 
of  oxygen. 

A second  series  of  experiments  on  the  com- 
bustion of  diamond  and  other  carbonaceous 
matter  has  been  undertaken  by  M.  Guyton 
Morveau.'1  The  apparatus  employed  by  this 
eminent  chemist  nearly  resembled  that  of 
Messrs.  Allen'and  Pepys,  and  consisted  of  two 
gasometers  connected  by  a tube,  the  center 
part  of  which  was  of  platina  and  was  passed 
through  a furnace.  The  substance  to  be  burnt 
was  enclosed  in  the  platina  tube,  and  oxygen  gas 
was  passed  over  it  repeatedly  from  one  gasome- 
ter to  the  other  as  long  as  the  experiment  lasted. 

M.  Guyton  made  the  very  important  addi- 
tion of  a tube  filled  with  dry  muriat  of  lime 
enclosed  in  each  gasometer  to  absorb  any  mois- 
ture, and  the  gas  immediately  on  entering  and 
quitting  the  platina  tube,  was  exposed  to  arti- 
ficial cold  to  enable  it  more  compleatly  to  part 
with  any  moisture  which  it  might  contain.  As 
the  oxygen  was  previously  dried,  any  moisture 
Condensed  in  the  tubes  of  muriat  of  lime  was 
inferred  to  arise  from  the  generation  of  water 
by  the  hydrogen  of  the  substance  burned,  with 
the  oxygen  employed.  Hence  this  hydrogen 
was  estimated  at  olr  of  the  increase  of 

weight  acquired  by  the  muriat  of  lime. 

M.  Guyton  estimates  the  weights  of  all  the 
gasses  concerned  to  be  as  follows : the  pressure 
being  0.758  metre,  (29.8432  Eng,  inches)  and 
12-5°  cent.  Ther.  (54.5°  Fahr.) 

Grammes. 

weighs  1 3435 

1.2247 

1.19  87 

0.1032 

1.8372 


One  litre  of 
Dry  Oxygen  gas 

Common  air 

Azotic  gas 

r Hydrogen  gas 

Carbonic  acid  gas 
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The  composition  of  water  is  assumed  to  be 
(by  weight.) 

Oxygen  — 85662 

Hydrogen  — 14338 

100000 


And  of  carbonic  acid  (by  weight) 
Oxygen  — 72624 

Carbon  — 27 376 


100000 


And  of  carbonat  of  barytes  (by  weight) 
Carbonic  acid  — 221. 

Barytes  — 779. 

1000. 


The  weight  of  the  litre  of  dry  carbonic  acid 
reduced  to  English  measure  is  as  follows : 
1 litre  ~ 61.028  Eng.  cub.  inches,  and  61.028 
cub.  in.  at  29.8432  inch  pressure  =r  60  709 
cub.  in.  at  30  inches.  And  60.709  at  54.5®. 
therm.  Fahr.  ~ 61.404  cub.  in.  at  60°  Fahr. 
allowing  the  expansion  of  for  every  degree 
of  this  thermometer.  And  1.8372  grammes 
(the  weight  of  a litre  of  dry  carbonic  acid)  equals 
28  3737  troy  grains,  and  hence  100.  cub.  inches 
of  dry  carbonic  acid  at  30.  inches  bar.  and  60°. 
therm,  weigh  46.20  Troy  grains. 

M.  Guyton’s  experiments  gave  the  following 
results.  The  combustion  of  1.435  grammes  of 
oak  charcoal,  previously  heated  by  itself,  caused 
the  deposition  of  only  0.065  grammes  of  water, 
the  hydrogen  of  which  is  0.00932,  which  there- 
fore does  not  exceed  ToW  °f  the  charcoal 
burnt. 

Cumberland  plumbago  in  the  same  way  v/as 
inferred  to  contain  Toos  of  hydrogen. 

Piedmont  plumbago  contained  of  hy- 

drogen. Diamond  in  one  experiment  shewed 
f^7o  hydrogen  ; but  another  more  accurate 
trial  gave  at  the  utmost  not  more  than  T|'^, 
and  part  of  this  small  quantity  might  possibly 
be  furnished  by  the  water  of  crystallization 
which  may  be  supposed  to  exist  in  this  crystal- 
lized form  of  carbon. 

From  the  general  results  of  these  experiments 
it  does  not  appear  that  any  decided  chemical 
difference  can  be  detected  between  diamond, 
pure  plumbago,  and  charcoal. 

CARBURETTED  HYDROGEN.  Ole- 
fiant Gas.  Careonic  Oxyd.  OXYCAR- 
BURETTED  HYDROGEN.  Coal  Gas. 

* Mem.  d’Arcueil,  tom.  2. 


The  constitution  of  the  compound  inflam- 
mable gasses,  obtained  by  the  distillation  of 
vegetable  matter  or  of  moist  charcoal,  is  a 
subject  of  extreme  difficulty,  which  has  given 
rise  to  various  opinions  among  chemists.  The 
only  substances  that  constantly  compose  these 
gasses  are  carbon,  hydrogen,  and  oxygen,  but 
the  respective  proportions  of  these  vary  greatly, 
and  the  only  mode  of  certain  analysis  is  by 
compleat  combustion  with  oxygen,  thus  re- 
ducing the  whole  to  carbonic  acid  and  water. 

It  is  obvious  therefore  that  this  mode  of  ex- 
amination will  not  resolve  the  question  of  the 
intermediate  composition  of  these  gasses,  but 
will  only  give  their  ultimate  analysis,  so  that  a 
gas  may  consist,  for  example,  either  of  a triple 
compound  of  oxygen,  carbon  and  hydrogen, 
(oxycarburetted  hydrogen)  or  may  be  a com- 
pound of  carburetted  hydrogen  and  carbonic 
acid,  and  in  each  case  will  afford  precisely  the 
same  results  by  ultimate  analysis  into  carbonic 
acid  and  water. 

Berthollet  has  asserted  that  all  these  gasses 
produced  either  by  the  distillation  of  moist  char- 
coal or  by  the  destruction  of  vegetable  matter 
at  a high  heat  contain  oxygen,  and  are  properly 
species  of  oxycarburetted  hydrogen, 1 the  elements 
of  which  may  combine  in  infinite  proportions. 
He  founds  this  opinion,  partly  on  his  own  ex-'  ' 
periments  on  the  products  of  moistened  char- 
coal, and  partly  on  those  of  Th.  de  Saussure  on 
the  gasses  produced  by  passing  the  vapour  of 
ether  and  alcohol  through  an  ignited  tube;  all 
of  which  are  found  to  contain  a notable  quan- 
tity of  oxygen.  On  the  other  hand,  it  is  main- 
tained by  Dalton,  Thomson,  Henry,  and  other 
eminent  chemists,  that  there  are  two  distinct 
species  of  carburetted  hydrogen,  namely,  the 
pure  Carburetted  Hydrogen , a natural  pro- 
duct of  stagnant  waters  in  the  summer;  and 
that  singular  gas  obtained  by  the  distillation 
of  sulphuric  acid  and  alcohol,  called  by  the 
inventors  Olefiant  Gas , or,  from  its  compo- 
sition, it  may  be  termed  Super -carburetted 
Hydrogen.  A mixture  of  these  two  species 
with  pure  hydrogen  and  with  carbonic  oxyd, 
and  with  empyreumatic  oil,  will  (according  to 
these  chemists)  account  for  all  the  known  va- 
rieties of  specific  gravity  and  of  oxygenation  in 
all  the  other  compound  gasses.  We  shall  merely 
give  a short  abstract  of  some  of  the  most  im- 
portant experiments. 

Those  of  Dr.  Thomson  are  highly  interest- 
ing.1' He  considers  the  great  variation  in  the 
specific  gravity  of  the  gasses  obtained  by  dis- 

k Phil,  Joum.  vol.  88.  p.  S21. 
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tilling  coal  and  other  oily  substances  as  chiefly 
owing  to  the  oil  held  in  solution  by  the  gas. 
He  therefore  selected  for  analysis  the  gas  that 
rises  in  considerable  quantity  from  stagnant 
waters  during  the  summer  season,  which  had 
been  before  examined  by  Cruikshank  and  Dal- 
ton. This  gas  always  contained  12.5  per  cent, 
of  common  air,  and  from  5 to  7 of  carbonic 
acid,  which  latter  being  removed,  the  specific 
gravity  of  the  remaining  gas  was  0.611,  equal 
to  0.554  after  the  removal  of  the  common  air, 
the  specific  gravity  of  the  latter  being  1.000. 
This  gas  burns  with  a large  yellow  flame,  and 
detonates  when  mixed  with  not  less  than  its 
own  bulk  of  oxygen  and  ignited.  On  an  ave- 
rage 100  measures  of  this  gas  ignited  with  205. 
measures  of  pure  oxygen  form  101  of  carbonic 
acid  gas.  But  as  carbonic  acid  contains  only 
its  own  bulk  of  oxygen,  the  101  parts  only  em- 
ployed 1Q4  of  the  205  of  oxygen  consumed, 
ar.d  hence  the  101  remaining  measures  went  to 
the  production  of  water  and  required  202  mea- 
sures of  hydrogen  for  that  purpose.  Reducing 
these  to  the  proportions  by  weight  (reckoning 
carbonic  acid  to  contain  27.5  per  cent,  of  car- 
bon) the  composition  of  the  pure  carburetted 
hydrogen  of  this  gas  from  stagnant  water  would 
give  nearly  as  follows : 

Carbon  . . . 72. 

Hydrogen  . . 28. 

100. 


In  fact  the  sum  of  the  constituent  parts  thus 
found  would  rather  exceed  the  weight  of  the 
original  gas,  which  at  any  rate  would  shew  that 
no  oxygen  nor  any  other  ponderable  substance 
could  be  present.  If  this  analysis  is  correct, 
and  it  agrees  very  nearly  with  that  of  Dalton, 
this  gas  (after  extracting  the  common  air  and 
carbonic  acid)  is  not  an  oxycarburetted  hydro- 
gen but  a simple  carburetted  hydrogen,  and  is 
considered  by  Mr.  Dalton  as  composed  of  one 
atom  of  carbon  and  two  atoms  of  hydrogen. 

Olefiant  gas  is  the  next  definite  compound 
examined  by  Dr.  T.  It  was  obtained  in  the 
usual  manner  by  mixing  one  measure  of  alcohol 
with  three  of  sulphuric  'acid,  and  boiling  the 
mixture  almost  to  dryness  in  a small  retort, 
and  collecting  the  gasseous  product  over  water. 
This  consisted  of  olefiant  gas  mixed  with  car- 
bonic acid,  which  last  increased  in  proportion 
as  the  process  was  continued. 

This  olefiant  gas  deprived  of  carbonic  acid 
but  retaining  16  per  cent,  of  common  air,  was 
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found  to  have  the  specific  gravity  of  0.978(5, 
hence,  by  calculation,  pure  olefiant  gas  would 
give  0.9745  sp.  gr.  (common  air  being  1.000.) 

Olefiant  gas  when  mixed  with  thrice  its  bulk, 
of  oxygen  and  ignited,  detonates  with  extreme 
violence  and  produces  twice  its  bulk  of  car- 
bonic acid,  according  to  Mr.  Dalton,  which, 
very  nearly  coincides  with  Dr.  Thomson’s  ex- 
periments. A hundred  cubic  inches  of  it  (at 
60°  therm,  and  30.  bar.)  weighed  29.72  grains. 
The  weight  of  its  constituent  parts  (considered 
merely  as  carbon  and  hydrogen)  as  found  by 
analysis,  somewhat  exceeded  the  gas  employed, 
a proof  that  it  could  contain  no  oxygen. 

In  average  numbers  it  may  be  considered  as 
containing 

Carbon  . . . 85. 

Hydrogen  . . 15. 

100. 


Mr.  Dalton  considers  it  as  containing  an  atom 
of  carbon  and  an  atom  of  hydrogen. 

Olefiant  gas  derives  its  name  from  its  form- 
ing a singular  oily-looking  liquid  when  mixed 
with  oxymuriatic  gas,  as  already  described 
fChem.  Diet.  vol.  1.  p.257.)  Dr.  Thomson 
has  further  examined  this  curious  substance. 
A large  bottle  was  filled  with  olefiant  gas  and  a 
current  of  oxymuriatic  gas  being  passed  into  it, 
the  oily  substance  soon  collected  at  the  bottom. 
Its  colour  was  greenish-white.  When  drop- 
ped into  water  it  fell  to  the  bottom,  but  gra- 
dually dissolved  in  it  by  agitation,  and  gave  the 
water  a sweet  and  cooling  taste,  and  a slight 
aromatic  odour.  It  dissolved  completely  in  al- 
cohol and  sulphuric  ether,  but  not  in  oil  of 
turpentine.  When  left  in  an  open  vessel  it 
evaporated,  leaving  only  a greenish  trace.  It 
appears  therefore  to  be  totally  distinct  from  the 
oils. 

Olefiant  gas  is  also  obtained  as  a small  part 
of  the  compound  inflammable  gas  from  coal, 
from  caoutchouc,  from  mineral  tar  and  other 
combustible  bodies.  It  is  separable  from 
common  carburetted  hydrogen  by  oxymuriatic 
gas  as  will  be  further  noticed. 

Olefiant  gas  has  been  more  lately  analyzed 
by  Th.  deSaussure.0  To  diminish  the  extreme- 
violence  of  the  detonation  where  this  gas  is 
ignited  with  about  thrice  its  volume  of  oxygen 
(the  quantity  that  saturates  it)  the  author  em- 
ployed a much  larger  proportion  of  oxygen. 
The  general  results  were  the  following:  100. 
parts,  in  volume,  of  olefiant  gas,  were  detointfed 
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with  500.  of  oxygen  deprived  of  carbonic  acid, 
but  containing  23.5  of  azote.  The  mixed 
gasses  were  reduced  by  the  detonation  to  409.5 
pares,  from  which  potash  extracted  201.  of 
carbonic  acid,  and  hydrosulphuret  of  potash 
184.5  of  oxygen,  leaving  24  parts  of  azote. 
Hardly  of  the  olefiant  gas  escaped  com- 
bustion, for,  on  adding  a known  quantity  of 
hydrogen  to  part  of  the  entire  residue  of  the 
detonation  and  again  exploding  it,  the  diminu- 
tion was  scarcely  more  than  would  have  been 
produced  by  adding  the  hydrogen  alone,  and 
sufficient  oxygen. 

By  subtracting  the  oxygen  of  the  carbonic 
acid  produced  in  this  experiment  from  the 
entire  quantity  consumed,  and  finding  the 
■weight  of  hydrogen  required  to  convert  this 
remaining  oxygen  into  water,  the  author  finds 
in  100  pars,  by  weight,  of  olefiant  gas,  84.78 
of  carbon  and  13.55  of  hydrogen,  reckoning 
27.2  of  carbon  in  100.  of  carbonic  acid.  This 
computation  leaves  only  1.07  of  the  100.  parts 
of  olefiant  gas  unaccounted  for,  which  is  quite 
within  the  limits  of  unavoidable  errors  ; for,  in 
another  experiment  conducted  in  the  same  way, 
the  sum  of  the  carbon  and  hydrogen  a little 
exceeded  the  olefiant  gas  employed.  Hence 
M.  de  Saussure  concludes  that  pure  olefiant 
gas,  in  the  preparation  of  which  the  distillation 
has  not  been  carried  too  far,  contains  no  oxy- 
gen, but  is  composed  simply  of  about  86.  of 
carbon  and  14.  of  hydrogen,  proportions  which 
agree  very  closely  with  those  of  Dalton  and 
Thomson.  The  specific  gravity  of  this  gas 
was  about  .985,  common  air  being  1.000.  If 
15  parts  by  weight  of  hydrogen  condense  to 
half  their  volume  by  dissolving  85  parts  of 
carbon,  the  resulting  olefiant  gas  would  by  cal- 
culation, be  found  to  have  nearly  the  above 
specific  gravity. 

It  has  been  mentioned  in  the  original  article 
(Ch.  Diet.  vol.  1,  p.  257)  that  when  olefiant 
gas  is  exploded  with  little  more  than  its  own 


bulk  of  oxygen,  so  much  carbon  is  precipitated 
in  substance  as  entirely  to  blacken  the  vessel. 
Dr.  Thomson  has  repeated  this  experiment, 
employing  rather  less  oxygen  than  olefiant  gas. 
After  the  explosion,  the  bulk  of  the  residue 
is  much  greater  than  that  of  the  gasses  before 
explosion,  being  increased  in  about  the  propor- 
tion of  16  to  10.  ; or  in  still  greater  propor- 
tion if  the  uncombined  oxygen  that  remains 
in  the  residue  be  removed.  This  residuary 
gas  is  much  lighter  than  olefiant  gas,  having 
the  specific  gravity  of  only  0.48,  and  is  con- 
sidered by  Dr.  Thomson  as  a proper  o.Tj/cur- 
buretled  ) Hydrogen , or  triple  compound  of 
oxygen,  carbon,  and  hydrogen,  and  the  pro- 
portions would  nearly  indicate  the  combination 
of  an  atom  of  each  of  these  elements. 

A great  number  of  interesting  experiments 
have  been  made  at  different  times  by  Dr.  Henry, 
on  all  the  above  described  inflammable  gasses, 
more  particularly  with  a view  to  direct  the 
economical  use  of  the  gas  procured  from  the 
distillation  of  coal,  which  has  now  become 
an  object  of  considerable  national  importance. 
Dr.  Henry’s  first  series  of  experiments,  though 
confessedly  imperfect,  requires  a short  notice  in 
this  place. d Dr.  Henry  constructed  an  Argand 
lamp,  to  be  supplied  with  gas  instead  of  oil, 
and  found  that  both  pure  hydrogen  and  car- 
buretted  hydrogen,  from  moist  charcoal,  and 
carbonic  oxyd,  gave  so  trifling  a light  as  to  be 
entirely  unfit  for  the  purposes  of  illumination  ; 
while  On  the  other  hand  the  gas  distilled  from 
coal,  gave  a light  little  inferior  to  that  from 
good  spermaceti  oil.  Neither  is  this  difference 
materially  owing  to  any  oily  matter  mechani- 
cally suspended  in  the  coal  gas,  since  it  retains 
its  power  of  burning  with  a bright  dense  light 
after  being  long  kept  over  water,  though  some- 
what impaired  in  intensity.  1 he  following 
gasses  were  then  burnt  with  oxygen  in  close 
vessels,  and  the  comparative  quantities  required 
for  saturation  were  noted. 


Oxygei 

a required  to  saturate 

Kind  of  Gas. 

100  measures. 

Carbonic  Acid  produced. 

Pure  Hydrogen 

50 

0. 

Gas  from  moist  Charcoal  60  

35. 

W cod 

54 

33. 

dried  Peat 

68 

43. 

Cannel  Coal 

no 

100. 

Lamp  Oil 

190 

124. 

• Wax 

220 

lo/. 

Pure  Olefiant  Gas 

284 

179. 
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As  there  is  much  variation  in  the  quality  of 
most  of  these  gasses,  according  to  the  circum- 
stances in  which  they  are  procured,  the  above 
numbers  are  not  to  be  considered  as  universally 
applicable,  but  they  shew  in  a very  satisfactory 
manner  the  comparative  combustibility  of  this 
substance,  as  measured  by  the  quantity  of 
oxygen  required  for  its  consumption,  and  thus 
will  account  for  the  much  greater  intensity  of 
light  given  by  the  latter  over  the  former  gasses. 
Above  all  others,  the  olefiant  gas  is  as  much 
distinguished  by  the  splendour  and  beauty  of 
its  light  as  it  is  by  the  very  superior  quantity 
of  oxygen  which  it  requires  for  its  combustion. 

The  specific  gravity  also  of  the  gas  is  in 
some  degree  a test  of  the  quantity  of  combus- 
tible matter  which  it  contains,  being  in  greater 
quantity  as  the  gas  is  heavier,  though  this  does 
not  apply  to  carbonic  oxyd  but  only  to  carbu- 
retted  hydrogen. 

In  a later  paper,  Dr.  Henry  describes  an  ap- 
paratus of  his  own  construction,  for  the  better 
analysis  of  these  gasses,  which  enables  him  to 
employ  much  larger  quantities,  and  to  consume 
them  by  slow  continued  cumbustion,  which  he 
considers  as  a much  more  accurate  mode  of  ana- 
lysis than  by  sudden  ignition  with  oxygen  in 
Volta’s  eudiometer. e But  most  of  the  gasses 
obtained  by  distillation  of  any  combustible,  and 
■especially  that  from  coal,  which  is  the  most 
important  in  the  present  view  of  the  subject, 
are  mixtures  of  several  gasses,  and  cannot  be 
properly  analyzed  by  mere  combustion  with  an 
excess  of  oxygen.  Coal  gas  when  first  ob- 
tained consists  of,  carbonic  acid,  sulphuretted 
hydrogen,  olefiant  gas,  and  the  remainder,  which 
is  by  far  the  greater  portion,  is  either  a gas  siei 
generis , an  Oxycarburctled  Hydrogen,  or  else 
a mixture  of  carburetted  hydrogen  and  carbonic 
oxyd.  It  is  therefore  an  important  problem  in 
analytical  chemistry  to  be  able  to  estimate  these 
separately.  Dr.  Henry  gives  the  following 
way,  as  at  least  affording  an  approach  to  accu- 
racy in  obtaining  this  object. 

Sulphuretted  hydrogen  is  absorbed  by  liquid 
potash,  and  by  oxymuriatic  gas. 

Carbonic  acid  is  absorbed  by  liquid  potash, 
but  is  not  altered  by  oxymuriatic  gas. 

Olefiant  gas  is  immediately  decomposed  or 
absorbed  by  oxymuriatic  gas,  and  is  speedily 
absorbed  by  water,  but  is  not  acted  on  by  liquid 
potash. 

Carburetted  hydrogen  is  not  altered  by  oxy- 
muriatic gas,  except  after  some  hours’  contact, 
and  it  is  not  sensibly  changed  by  water. 


Therefore  to  analyze  a coal  gas  (for  example) 
first  add  two  measures  of  the  recent  coal  gas  to 
one  measure  of  oxymuriatic  gas,  and  after  a 
minute  or  two  observe  the  diminution.  Then 
wash  an  equal  quantity  of  the  coal  gas  with 
liquid  potash  to  extract  the  sulphuretted  hydro- 
gen, and  submit  the  residue  to  oxymuriatic  gas 
as  before.  The  second  diminution  by  oxymu- 
riatic gas,  divided  by  2.2  gives  the  proportion 
of  olefiant  gas.  Deduct  this  absorption  from 
the  first,  and  divide  the  remainder  by  1 .8  for 
the  quantity  of  sulphuretted  hydrogen.  Lastly, 
to  find  the  quantity  of  carbonic  acid,  subtract 
from  the  entire  diminution  by  potash  the  a- 
mount  of  the  sulphuretted  hydrogen. 

By  these  operations  the  amount  of  the  carbo- 
nic acid,  sulphuretted  hydrogen,  and  olefiant 
gas  will  be  found,  and  when  these  are  separated, 
there  will  remain  only  the  oxycarburetted  hy- 
drogen, or  mixture  of  carbonic  oxyd  and  car- 
buretted hydrogen  (whichever  it  may  be)  which 
can  only  be  analyzed  by  compleat  combustion 
with  oxygen  to  determine  separately  the  oxy- 
gen, carbon,  and  hydrogen,  but  which  will  not 
show  the  mode  of  constitution  of  the  gas,  but 
only  the  actual  constituent  parts. 

The  following  general  remarks  on  these  gasses 
may  be  added.  The  olefiant  gas  is  a very 
sparing  product  of  the  distillation  of  pit-coal. 
It  is  found  only  in  the  first  portions,  and  does 
not  compose  more  than*  5 per  cent,  of  these. 
It  is  absorbed  in  no  great  length  of  time  by 
being  in  contact  with  water,  and  hence  much 
washing  of  the  gas  or  keeping  it  long  over 
water  is  detrimental  to  its  quality,  since  the 
olefiant  gas  is  eminently  combustible,  and  gives 
more  light  than  any  known  species  of  inflam- 
mable gas  containing  either  carbon  or  hydrogen. 
The  gas  from  mineral  tar  or  from  Caoutchouc, 
contains  about  one-tenth  of  olefiant  gas. 

Sulphuretted  hydrogen  is  most  abundantly 
produced  from  coal  in  the  earlier  stage  of  dis- 
tillation, and  then  constitutes  from  one  to  five 
per  cent.  It  increases  the  light  of  the  gas  but 
is  unpleasant  and  injurious,  by  the  sulphurous 
acid  gas  which  its  combustion  generates.  Part 
of  the  sulphuretted  hydrogen  unites,  in  the  act 
of  formation,  with  the  ammonia  of  the  coal, 
forming  sulphuret  of  ammonia,  which  may  be 
detected  in  the  condensed  products.  Carbonic 
acid  gas  also  appears  only  in  the  first  products, 
and  only  in  small  quantify,  never  amounting  to 
5 per  cent.  The  entire  gas  from  coal  under- 
goes a gradual  diminution  of  combustibility, 
and  with  it,  of  specific  gravity,  during  the 
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Whole  distillation.  Some  of  the  latter  pro- 
ducts are  so  light  that  they  can  hardly  be 
explained  without  supposing  an  evolution  of 
pure  hydrogen  along  with  the  other  gasses.  A 
cubic  foot  of  coal-gas  of  medium  quality,  viz. 
of  .622  specific  gravity,  such  as  is  first  afforded 
by  the  distillation  of  Newcastle  coal,  is  stated 
by  Dr.  Henry  to  weigh  333  5 grains.  This 
will  yield  by  combustion  817.3  grains  of  car- 
bonic acid,  of  which  the  carbon  (at  28.6  per 
cent.)  will  be  233.7  grains,  leaving  99.8  grains 
for  the  hydrogen  in  the  cubic  foot  of  the  same 
«oal  gas.  This  gas  will  therefore  require 
1128.5  grains  of  oxygen  for  its  compleat  com- 
bustion, of  which  573.6  grains  will  go  to  form 
the  carbonic  acid  with  the  carbon,  and  the  re- 
maining 554.9  grains  w;ll  form  water  with  the 
hydrogen. 

Application  of  Coal  Gas  for  the  purpose 
of  giving  Light.  This  important  application 
of  coal  gas  was  first  made  in  1792,  by  Mr. 
Murdoch,  then  Engineer-agent  at  Redruth,  in 
Cornwall,  to  Messrs.  Boulton  and  Watts,  of 
Birmingham,  who  carried  on  many  experiments 
on  the  gasses  distilled  from  different  kinds  of 
coal,  peat,  wood,  and  other  substances,  as  a 
substitute  for  oil  or  tallow,  in  giving  light. 

In  1798  the  coal  gas  was  first  actually  em- 
ployed by  Mr.  Murdoch,  for  the  common  pur- 
poses of  illumination,  at  the  manufactory  of 
Messrs.  Boulton  & Watts,  at  Soho,  and  since 
that  time  its  use  has  been  extended  to  all  the 
principal  shops  in  this  vast  concern,  to  the  ex- 
clusion of  all  other  artificial  light.  Mr.  Mur- 
doch has  given  the  following  account  of  the 
gas-light  apparatus  employed  in  the  extensive 
cotton  mill  of  Messrs.  Phillips  Sc  Lee,  at  Man- 
chester, with  all  the  adjacent  store-rooms  and 
counting-houses. s The  total  quantity  of  light 
used  during  the  hours  of  burning,  has  been 
ascertained  by  a comparison  of  shadows,  to  be 
about  equal  to  the  light  of  2500  mould  candles, 
of  six  in  the  pound,  each  of  the  candles  con- 
suming at  the  rate  of  TVbs  of  an  ounce  of  tal- 
low per  hour.  The  coal  is  distilled  in  large 
iron  retorts,  which  during  the  winter  season  are 
kept  constantly  at  work,  except  during  the  in- 
tervals of  charging,  and  the  gas  as  it  rises  from 
them  is  conveyed  by  iron  pipes  into  large  re- 
servoirs or  gasometers,  where  it  is  washed  and 
purified,  previous  to  its  being  conveyed  through 
other  pipes,  called  mains  to  the  mill.  These 
mains  branch  off  into  a variety  of  ramifications, 
forming  a total  length  of  several  miles,  and 
terminate  by  burners,  where  the  gas  is  con- 
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sumed,  each  of  which  is  furnished  by  a cock 
to  regulate  the  admission  of  gas,  or  to  shut  it 
off  totally  when  not  wanted.  The  burners  are 
of  two  kinds,  one  resembles  the  common  Ar- 
gand  lamp,  the  other  is  a small  curved  tube 
with  a conical  end,  having  three  perforations 
of  about  a thirtieth  of  an  inch  in  diameter, 
forming,  when  lighted,  three  divergent  jets  of 
flame.  When  the  whole  of  the  burners  are 
used,  the  light  is  about  equal  (as  already  men- 
tioned) to  that  of  2500  candles,  and  they  re- 
quire an  hourly  supply  of  1250  cubic  feet  of 
the  coal  gas.  The  coal  employed  is  the  best 
Wigan  cannel  coal,  which  gives  a gas  much  su- 
perior in  quantity  and  quality  to  that  of  any 
other  kind  of  coal.  To  supply  two  hours  con- 
sumption of  gas  (which  is  about  the  daily  ave- 
rage taking  the  year  through)  2500  cubic  feet 
or  gas  are  required,  to  produce  which,  seven 
hundred  weight  of  cannel  coal  must  be  dis- 
tilled daily,  or  about  110  tons  yearly. 

About  one-third  of  the  above  quantity  of 
good  common  coal  is  required  for  fuel  to  heat 
the  retorts.  The  110  tons  of  cannel  produce 
about  70  tons  of  good  coak.  Each  ton  of  can- 
nel coal  gives  from  11  to  12  ale  gallons  of  coal 
tar.  Mr.  Murdoch  adds  the  estimates  of  the 
expence  attending  each  mode  of  illumination, 
by  which  it  appears  that  where  only  two  hours 
of  daily  average  lighting  are  required,  the  an- 
nual expence  of  the  coal  gas  is  about  ^600, 
and  that  of  an  equivalent  number  of  candles, 
is  about  2000.  A greater  proportional  saving 
is  of  course  rrtade  by  working  the  coal  gas 
apparatus  to  its  full  extent,  which  in  the  pre- 
sent instance  might  be  about  equal  to  three 
hours  daily  consumption  with  the  same  appara- 
tus. 

The  coal  gas  gives  a peculiar  soft,  clear,  and- 
steady  light,  and  it  has  the  additional  advantage 
over  candles  in  requiring  no  snuffing  and  trim- 
ming, and  therefore  in  avoiding  one  source  of 
danger  from  fire,  to  which  cotton  mills  are 
peculiarly  exposed. 

A very  accurate  description  of  a gas-light 
apparatus  on  the  large  scale,  is  given  by  Mr. 
T.  Clegg, f with  an  illustrative  plate.  Mr. 
Clegg  lias  actually  put  it  in  practice  in  several 
instances,  and  has  succeeded  in  rendering  the 
combustion  of  these  lights  free  from  any  offen- 
sive smell.  Indeed  this  smell  chiefly,  if  not 
entirely,  arises  from  the  escape  of  a portion  of 
the  gas  unconsumed.  He  estimates  the  cost 
of  a compleat  apparatus  capable  of  supporting, 
forty  lamps  for  four  hours,  each  lamp  afford— 
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ing  light  equal  to  ten  candles  of  eight  in  the 
pound,  to  be  about  •s€250.  Each  lamp  con- 
sumes six  cubic  feet  of  gas  per  hour. 

Mr,  B.  Cook  of  Birmingham,  has  given  the 
results  of  his  experience  in  the  employment  of 
coal-gas  light.8  Among  other  advantages  it 
is  particularly  convenient  for  that  kind  of  sol- 
dering which  is  now  performed  with  the  oil- 
lamp,  for  the  gas  light  gives  a sharper  flame, 
and  is  also  ready  at  the  instant,  whilst  with 
oil  and  cotton  the  workman  is  always  forced 
to  wait  for  his  lamp  being  sufficiently  kindled 
to  do  his  work.  Mr.  Cook  has  also  turned  to 
great  advantage  the  mineral  tar  which  distills 
from  the  coal  whilst  the  gas  is  preparing.  Four 
pounds  of  the  coarse  tar  are  obtained,  on  the 
average,  from  every  hundred  weight  of  good 
coal  ; and  this  tar,  when  redistilled,  will  yield 
half  its  quantity  of  a volatile  oil,  fully  equal 
to  oil,  of  turpentine  for  the  purpose  of  japan- 
ning, and  a residue  will  be  left,  nearly,  if  no: 
quite,  equal  for  the  same  uses  to  the  best 
asphaltum.  These  varnishes  obtained  the 
honorary  medal  from  the  Society  of  Arts.  Mr. 
Cook  adds  a minute  account  of  the  whole  ap- 
paratus and  processes  for  obtaining  the  gas  and 
the  spirit.  h 

CARBURETTED  SULPHUR.  See  Sul- 
phur Alcohol  of. 

CHABASIE.  Cubic  Zeolite,  J.  Wurfel 
Zeolith,  W. 

Its  colour  is  whitish,  and  sometimes  pale-red 
superficially.  It  occurs  crystallized  in  rhom- 
boids, the  obtuse  angle  of  which  is  93£°,  either 
perfect  or  with  the  obtuse  lateral  edges  trun- 
cated and  combined  with  other  modifications. 
It  presents  natural  joints  in  three  directions.  It 
varies  from  transparent  to  translucent.  Scratches 
glass  with  difficulty.  Sp.  gr.  2.7.  Is  readily 
fusible  into  a spungy  white  enamel  ; and  is 
composed,  according  to  Vauquelin,  of 
43.33  Silex 
22. 6(i  A' u mine 

3.34  Lime 

9.34  Soda  mixed  with  potash 
21.  Water 


99.67 
0.33  loss 


Chabasie  occurs  forming  glands  in  trap  rocks 
in  the  island  of  Ferroe,  and  lining  the  inside  of 
agate  geodes  at  Oberstein  in  the  Palatinate. 
CHLORINE.  See  Muriatic  Acid. 
CHLORINE  AND  AZOTE.  (New  deto- 


nating compound  of. ) See  AzotizEd  Oxy- 
muriatic  Acid. 

CHROME. 

In  consequence  of  the  abundant  discovery  of 
chromate  of  iron  in  France,  M.  Vauquelin  has 
been  induced  to  repeat  his  experiments  on  this 
substance,  of  which  the  following  is  a sum- 
mary. * 

Decomposition  of  the  native  Chromate  of 
Iron. 

This  is  best  effected  by  levigating  the  ore, 
mixing  it  accurately  with  half  its  weight  of 
nitre,  and  keeping  it  in  a state  of  ignition  for 
half  an  hour  or  more.  The  mass  does  not  enter 
into  fusion,  yet  the  nitre  is  entirely  decomposed 
and  the  alkaline  base  is  generally  completely 
saturated  by  the  chromic  acid.  The  mass  is  to 
be  pulverized  and  very  accurately  lixiviated  in 
water  till  every  thing  soluble  is  taken  up.  The 
residue  is  then  to  be  digested  with  warm  and 
dilute  muriatic  acid,  which  takes  up  the  iron, 
the  magnesia,  the  alumine  and  the  silex.  When 
the  action  of  the  acid  has  ceased,  it  is  to  be 
poured  off  whilst  warm  lest  it  should  become 
gelatinous  and  thus  impede  its  separation  from 
the  insoluble  part.  The  residue  not  taken  up 
by  the  acid,  after  being  well  washed  is  again  to 
be  mixed  with  nitre  in  the  proportion  of  one* 
fourth  of  its  weight  and  to  be  treated  as  at 
first.  When  thus  by  the  alternate  application 
of  nitre  and  muriatic  acid  the  entire  decom- 
position of  the  chromate  of  iron  has  been  ef- 
fected, the  alkaline  solutions  are  to  be  added 
together,  and  after  being  saturated  with  nitric 
acid  are  to  be  crystallized.  By  this  means  a 
little  earth  and  chromate  of  iron  are  got  rid  of; 
and  thus,  if  all  the  processes  have  been  per~ 
formed  accurately  and  if  the  nitre  employed  has 
been  perfectly  pure,  there  will  be  obtained  pure 
chromate  of  potash. 

Oxide  of  Chrome. 

To  a solution  of  chromate  of  potash  add 
subnitrate  of  mercury,  as  nearly  neutral  as  pos- 
sible, as  long  as  any  precipitate  takes  place ; 
this  precipitate  is  chromate  of  mercury  of  an 
orange  colour,  verging  more  or  less  to  yellow 
or  red  according  to  circumstances,  and  is  to  be 
repeatedly  and  very  accurately  washed  in  water- 
in  order  to  separate  the  whole  of  the  nitre;  being 
then  strongly  heated  in  a well  luted  earthen- 
ware retort  till  no  more  oxygen  or  mercury 
comes  over,  there  will  be  obtained  pure  oxide  of 
chrome  the  usual  colour  of  which  is  green,  but 
if  the  heat  has  been  intense  and  long  continued, 
it  will  be  more  or  less  of  a brownish  yellow. 


» Ph.  Journ.  vol.  xxi.  p.  293. 


k Ibid.  vol.  xxxi.  p.  3S2. 


Ann.  d«  C)»i»n.  lxx.  p.  70. 
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If  the  mercurial  solution  employed  in  the 
foregoing  process  is  at  the  minimum  of  oxy- 
dation  and  as  nearly  neutral  as  possible,  the 
only  substances  remaining  in  solution  in  the 
mother  liquor  are  nitre  and  nitrate  of  mercury, 
when  an  excess  of  this  latter  has  been  made  use 
of.  Generally  however  the  mercurial  solution 
contains  a considerable  excess  of  acid  as  well  as 
a mixture  of  nitrate  at  the  maximum  of  oxy- 
dation  ; and  in  this  case  the  residual  liquor  ex- 
hibits an  amethyst  colour,  and  affords  with 
alkalies  a pale  green  precipitate,  which  after 
being  heated  is  converted  into  oxide  of  chrome. 

If  this  precipitate  instead  of  being  heated  is 
digested  with  cold  caustic  alkali,  it  communi- 
cates to  the  liquor  a bright  green  colour,  and 
there  remains  undissolved  a red  powder  ex- 
hibiting all  the  properties  of  the  per-oxide  of 
mercury.  The  alkaline  solution  itself  when 
filtered  and  boiled,  deposits  a large  quantity  of 
flocculent  green  oxide  of  chrome,  and  acquires 
a golden  yellow  colour,  being  in  fact  an  alka- 
line chromate  of  potash. 

Chromate  of  Barytes* 

This  salt  is  most  conveniently  prepared  by 
adding  to  a solution  of  pure  and  neutral  chro- 
mate of  potash  nitrate  of  barytes  as  long  as  any 
precipitation  takes  place.  The  precipitate  is 
insoluble  even  in  a large  quantity  of  warm  wa- 
ter, and  should  therefore  be  washed  repeatedly 
in  order  to  free  it  entirely  from  any  mixture  of 
nitre. 

Five  grammes  of  this  salt  being  dissolved  in 
warm  and  dilute  nitric  acid,  afforded  on  the 
addition  of  sulphuric  acid  in  excess  4.4  grammes 
of  sulphate  of  barytes : hence  (estimating  sul- 
phate of  barytes  to  contain  G8  per  cent,  of  base) 
chromate  of  barytes  is  composed  of 
62.6  Barytes 
37.4  Chromic  acid 


100.0 


Further,  since  5 grammes  of  chromate  of 
barytes  contain  1.87  grammes  of  concrete  acid, 
and  since  this  latter  by  a strong  calcination  is 
reduced  to  1.56  grammes  of  green  oxide,  it  fol- 
lows that  100  parts  of  green  oxide  require  IG.fi 
of  oxygen  for  their  conversion  into  chromic 
acid. 

Chromic  Acid  and  Oxide. 

The  most  convenient  way  of  preparing  chro- 
mic acid  is  to  dissolve  chromate  of  barytes  in 
dilute  nitric  acid  and  then  to  precipitate  the 
barytes  by  the  addition  of  sulphuric  acid,  taking 
particular  care  not  to  leave  this  latter  in  excess. 


The  liquor  is  then  to  be  filtered,  and  contains 
only  nitric  and  chromic  acids : in  order  to  get 
rid  of  the  first  the  whole  must  be  evaporated  to 
dryness  repeatedly,  with  the  precaution  of  not 
pushing  the  heat  too  much  towards  the  latter 
end  of  each  evaporation.  When  the  chromic 
acid  is  much  concentrated,  it  appears  in  the 
form  of  mammillated  masses  with  intermixed 
crystalline  grains : by  exposure  to  the  air  it  de- 
liquiates.  The  colour  of  chromic  acid  is  deep 
red,  to  the  taste  it  is  very  acid  and  at  the  same 
time  acerb  and  metallic : it  is  soluble  in  al- 
cohol, but  the  solution  soon  becomes  green 
owing  to  the  partial  decomposition  of  the  acid. 

If  to  a solution  of  chromic  acid  there  be  added 
a considerable  quantity  of  sulphurous  acid,  the 
colour  of  the  mixture  becomes  a dirty  brown, 
from  which  caustic  alkali  throws  down  a redish 
brown  precipitate,  soluble  in  acids.  A still 
larger  quantity  of  sulphurous  acid  changes  the 
colour  of  chromic  acid  to  a pale  green ; hence 
there  appear  to  be  two  oxides  of  chrome,  differ- 
ing however  but  little  in  their  respective  pro- 
portions of  oxygen. 

The  oxide  of  chrome  procured  by  calcination 
of  chromate  of  mercury,  is  very  difficutly  acted 
on  by  acids,  but  when  recently  precipitated  it: 
is  soluble  with  ease,  even  in  the  weakest  acids. 

Muriate  of  chrome  when  evaporated  to  dry- 
ness, affords  a rose  coloured  powder,  which, 
deliquiates  in  the  air,  and  acquires  a bright 
green  colour.  When  calcined  at  a pretty  con- 
siderable heat,  it  gives  out  an  odour  of  oxymu- 
riatic  acid,  increases  in  bulk,  and  is  converted" 
into  micaceous  scales  of  a brilliant  yellow  •,  by 
a further  continuance  of  the  heat,  it  passes  into 
green  oxide. 

Caustic  potash  added  in  excess  to  any  of  the 
solutions  of  oxide  of  chrome  in  an  acid,  effects 
a solution  of  the  oxide-,  the  same  takes  place 
if  recently  precipitated  oxide  is  digested  in  the 
same  menstruum.  The  solution  is  of  a deep 
green  colour,  but  by  ebullition  the  oxide  is  se- 
parated, and  the  liquor  remains  colourless. 

Alkaline , earthy  and  metallic  chromates. 

There  are  two  chromates  of  potash,  the  neu- 
tral and  the  acidulous.  The  former  is  of  a 
lemon  yellow  colour,  and  crystallizes  in  minute 
prisms.  The  latter  is  of  an  orange  red  colour, 
and  crystallizes  in  large  prisms. 

Chromic  acid,  when  saturated  by  ammonia, 
and  exposed  to  spontaneous  evaporation,  pro- 
duces^ a salt  of  a bright  yellow  colour,  which 
climbs  up  the  side  of  the  vessel ; by  boiling,  it 
deposits  a brown  flocculent  oxide,  which  ac- 
quires a green  colour  by  calcination. 
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Chromate  of  lime  is  readily  soluble  in  water, 
and  affords  by  evaporation,  silky  scales,  of  a yel- 
lowish brown  colour. 

Chromate  of  magnesia  is  also  readily  soluble  in 
water,  and  crystallizes  in  six-sided  prisms,  of 
a high  topaz  yellow. 

Chromate  of  iron  is  formed  by  combining 
chromic  acid,  and  the  red  oxide  of  the  metal. 
But  if  a lower  oxide  is  employed,  (as  in  mixing 
green  sulphate  of  iron  and  chromate  of  potash) 
a fawn  coloured  precipitate  is  obtained,  which, 
when  treated  with  caustic  alkali,  gives  no  trace 
of  chromic  acid  : it  is  readily  soluble  in  muri- 
atic acid,  and  is  precipitated  wiihout  alteration 
from  its  solution  by  an  alkali.  Nitric  acid 
effects  a partial  solution  of  it,  and  becomes  of  a 
green  colour.  Hence  this  compound  is  not 
chromate  of  iron,  but  a combination  of  chromic 
oxide  and  red  oxide  of  iron,  being  perfectly  ana- 
logous to  the  so  called  native  chromate  of  iron. 

Chromate  of  lead  acquires  different  tinges  of 
colour,  according  to  the  mode  in  which  it  is  pre- 
pared ; if  the  chromate  of  potash  is  perfectly 
neutral,  the  precipitate  is  of  an  orange  yellow  ; 
if  with  an  excess  of  acid,  it  is  a full  lemon 
colour ; if  on  the  other  hand  the  alkali  is  in 
excess,  the  precipitate  is  full  orange  or  scarlet. 
The  acidulous  chromate  with  nitrate  of  lead 
furnishes  the  most  permanent  colour. 

Chromate  of  copper  is  most  readily  prepared 
by  adding  neutral  chromate  of  potash  to  sul- 
phate of  copper-,  a yellowish  brown  precipitate 
falls  down,  which  when  well  washed  and  dried, 
acquires  a bistre  colour. 

Chromate  of  silver  is  best  prepared  by  de- 
composing nitrate  of  silver  by  neutral  chromate 
of  potash;  if  the  solutions  before  mixture  are 
hot,  the  result  is  a brownish  red  precipitate, 
but  a purple  red  precipitate  if  they  are  cold. 
If  acidulous  chromate  of  potash  is  employed, 
the  precipitation  takes  place  more  slowly,  is 
less  abundant,  and  assumes  the  form  of  minute 
semitransparent  crystalline  grains  of  a carmine 
red.  All  the  varieties  of  this  salt  become 
brown  by  exposure  to  the  air.  It  is  soluble  in 
nitric  acid,  and  decomposable  with  abstraction 
of  the  oxyd  of  silver  by  muriatic  acid. 

Oxide  of  chrome  supports  better  than  any 
other  colorific  substance,  the  intense  heat  re- 
quired for  baking  the  hard  poreelain,  and  gives 
a perfect  emerald  green  of  great  beauty  and  value. 
CINNAMON  STONE.  Kaneelstein,  W. 

Its  colour  is  yellowish  brown,  passing  into 
orange  yellow  and  hyacinth  red.  It  occurs  in 
rolled  and  splintery  fragments.  Its  internal 

a An.  de  Chim. 


lustre  is  shining  between  vitreous  and  resi- 
nous; its  fracture  is  imperfectly  and  small  con- 
choidal,  with  joints  not  very  visible  parallel 
to  the  sides  of  a rhomboidal  prism,  the  obtuse 
angle  of  which  is  about  100°.  It  is  more  or  less 
transparent,  scratches  quartz,  though  with  some 
difficulty,  sp.  gr.  3.  6. 

It  is  fusible  before  the  blowpipe  into  a brown- 
ish black  enamel.  It  has  been  analyzed  by 
Klaproth,  with  the  following  result. 

38.8  Silex 
21.2  Alumine 
31.25  Lime 
6.5  Oxyd  of  Iron 


97.75 
2.25  Loss 


This  mineral  has  hitherto  only  been  found 
among  sand,  near  Columbo,  in  the  island  of 
Ceylon.  It  was  at  first  supposed  to  be  a 
variety  of  zircon;  but  this,  its  chemical  analysis 
amply  disproves.  By  M.  Mohs,  it  is  regarded 
as  possessing  a marked  analogy  with  garnet. 

COAL  GASS.  See  Carburetter  Hy- 
drogen. 

COBALT. 

§ 1.  Ores  of 

Native  sulpha  ret  of  cobalt.  1 

The  colour  of  this  mineral  is  pale  steel  grey. 
It  occurs  massive  and  botryoidal,  in  the  latter 
case  often  presenting  superficially  the  rudiments 
of  crystals.  Its  fracture  is  uneven,  passing  into 
granular,  and  presents  a metallic  lustre. 

On  exposure  to  the  blowpipe,  it  exhales  a 
sulphureous  odour  unmixed  with  that  of  arsenic, 
it  acquires  a deep  grey  colour,  and  fuses  into  a 
brilliant  fragil  globule.  If  previously  calcined 
and  then  mixed  with  borax,  it  affords  a deep 
blue  glass,  and  a white  regulus,  attractable  by 
the  magnet. 

It  has  been  analyzed  by  Kissinger,  and  ap- 
pears to  consist  of 

43.2  Cobalt 

14.4  Copper 
3.53  Iron 

38.5  Sulphur 
0.33  Earthy  matter 


99.96 

It  is  a rare  mineral,  having  been  hitherto 
found  only  near  Riddarhyttan,  in  Sweden, 
mixed  with  iron  and  copper  pyrites. 

§ 2.  Chemical  properties  of  Cobalt. 

Several  useful  observations  on  the  salts  and 

lxxxiii.  p.  3'?9. 
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otfyds  of  cobalt  have  been  made  by  Proust, b 
some  of  which  we  shall  briefly  notice. 

Oxyds  of  Cobalt.  The  author  reckons  two 
oxyds,  the  grey  and  the  black,  the  former  of 
which  is  the  Suboxyd,  and  die  latter  the 
Per  ox  yd.  ••  . 

The  carbonat  of  cobalt  is  made  by  saturating 
the  sulphat  of  this  metal  by  carbonated  potash. 
Of  this  carbonat,  100  parts  heated  gradually 
in  a retort,  filled  as  full  as  possible,  till  all  the 
water  and  carbonic  acid  are  expelled,  give  60  to 
62  of  the  grey  suboxyd.  This  dissolves  in 
nitric  acid  without  giving  out  nitrous  gas. 
When  heated  in  contact  with  air,  it  absorbs 
oxygen,  and  passes  more  or  less  compleatly  to 
the  state  of  black  oxyd.  When  the  two  oxyds 
are  mixed,  a weak  acid  will  dissolve  out  only 
the  grey  oxyd,  and  leave  the  other.  Pure  am- 
monia does  the  same. 

When  a solid  crystal  of  sulphat  or  nitrat  of 
cobalt  is  thrown  into  a phial  containing  a weak 
solurion  of  liquid  potash,  a violet  blue  precipi- 
tate is  formed,  which  is  the  JJydrat  of  Cobalt , 
or  more  properly  the  Hydrated  Suboxyd. 
When  this  is  heated  it  loses  about  20  per  cent, 
of  its  weight,  and  becomes  very  pure  suboxyd. 

The  hydrat  is  very  soluble  in  acids  without 
effervescence.  When  long  kept  under  water 
it  gradually  absorbs  oxygen,  and  becomes 
black  oxyd.  100  parts  of  pure  suboxyd  reduced 
carefully  in  a close  crucible,  leit  8b'{  of  me- 
tal. Hence  the  author  infers,  that  100  parts 
of  cobalt  absorb  19  of  oxygen  to  become  grey 
oxyd. 

The  peroxyd  is  formed  by  distilling  a nitrous 
solution  of  coba;t  to  dryness.  Much  nitrous 
gas  escapes,  and  a black  oxyd  gradually  sepa- 
rates. This  peroxyd  is  insoluble  without  de- 
composition, in  most  acids  ; for  when  it  does 
dissolve  in  them,  it  parts  with  oxygen  in  one 
fortn  or  other.  It  is  also  insoluble  in  ammonia. 
The  cobaltic  colouring  matter  of  the  beautiful 
blue  glasses  is  the  grey,  and  not  the  black  oxyd. 
On  the  other  hand,  the  carbonat  and  hydrat  of 
cobalt  become  black  oxyd  by  the  contact 
of  oxymuriatic  acid.  The  nitrous  and  sulphu- 
rous acids  dissolve  the  black  oxyd  without 
evolving  oxygen,  but  the  resulting  salts  are  the 
nitrat  and  sulphat  of  cobalt. 

The  author  estimates  100  of  pure  metal  to 
absorb  23  or  26  of  oxygen  in  becoming  black 
oxyd. 

Muriat  of  Cobalt  is  formed  by  dissolving 
grey  oxyd  in  muriatic  acid.  The  crystals  of 
this  salt  are  blue  when  quite  anhydrous , but 


become  red  in  absorbing  moisture.  The  green 
colour  usually  shewn  by  this  solution,  when 
used  as  a sympathetic  ink,  arises  from  the  pre- 
sence of  a little  nickel.  When  the  black  oxyd 
is  heated  with  muriatic  acid,  oxymuriatic  gas  is 
given  of!',  and  the  solution  becomes  the  mu- 
viated  suboxyd.  This  suboxyd  also  appears  to 
be  the  basis  of  all  the  other  salts  of  cobalt. 
COCCOLITE.  See  Aughe. 

COLD.  (Artificial.) 

A new  and  very  curious  application  of  the 
principle  of  producing  cold  by  evaporation  has 
been  discovered  by  Professor  Leslie.  It  consists 
in  placing  under  the  receiver  of  an  air-pump 
two  vessels,  one  containing  a considerable  quan- 
tity of  concentrated  sulphuric  acid,  or  of  muriat 
of  lime,  or  of  any  other  substance  which  absorbs 
moisture  from  the  air,  and  the  other  vessel  hold- 
ing a small  portion  of  water.  As  soon  as  the 
receiver  is  exhausted,  the  water  begins  to  boil, 
though  at  a common  temperature,  and  when  a 
pretty  good  vacuum  is  made,  the  pumping  may 
be  stopped,  and  after  a while  the  water  becomes 
entirely  frozen.  For  this  experiment  to  suc- 
ceed, the  surface  of  the  substance  that  absorbs 
the  aqueous  vapour,  should  be  considerable, 
and  concentrated  sulphuric  acid  is  preferred  by 
Mr.  Leslie  to  any  other  absorbent  of  moisture. 
The  water  to  be  frozen  must  be  in  small 
quantity,  and  contained  in  a thin  metallic  dish. 

The  experiment  may  be  easily  performed  ill 
the  small  way  in  a common  air-pump,  in  the 
following  manner : put  into  a wide  glass  tumbler 
six  or  eight  ounces  of  good  sulphuric  acid,  set 
this  on  the  pump-plate,  lay  a little  support  of 
wire  over  the  top  of  the  tumbler,  and  set  upon 
it  a thin  metallic  vessel,  holding  two  or  three 
teaspoonfuls  of  water;  cover  the  whole  with  the 
receiver,  and  work  the  pump  till  a considerable 
vacuum  is  made,  and  the  gage  is  stationary, 
then  let  the  whole  remain  for  many  minutes* 
and  the  water  will  gradually  congeal  till  it  is 
perfectly  solid.  If  this  is  allowed  to  remain 
undisturbed,  the  vacuum  being  kept  up  by  an 
occasional  stroke  of  the  pump,  the  ice  gradually 
becomes  rounded  at  the  edges,  porous,  and  in- 
sensibly shrinks  in  every  dimension  till  it  totally 
disappears,  leaving  only  a little  trace  of  what- 
ever saline  or  earthy  impurity  the  water  may 
contain.  Three  or  four  hours  will  elapse,  even 
in  the  heat  of  summer,  before  the  ice  of  one  or 
two  drams  of  water  thus  frozen  will  be  totally 
dissipated,  and  not  the  least  appearance  of  melt- 
ing is  observed  the  whole  time. 

In  this  most  striking  experiment,  the  first 


* Ann.  Chira.  tom.  60. 
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effect  of  the  exhaustion  of  the  air  is  to  cause 
the  evaporation  of  a portion  of  the  water,  which 
is  instantly  absorbed  by  the  sulphuric  acid. 
This  produces  a fresh  vacuum,  which  is  again 
filled  by  fresh  aqueous  vapour,  and  this  is  again 
condensed  by  the  acid;  to  that  this  alternate 
formation  of  vapour  from  the  water,  and  ab- 
sorption of  it  by  the  acid,  continues  as  long  as 
any  portion  of  water  remains  either  in  the 
liquid  or  solid  state,  provided  the  acid  is  not  too 
much  diluted  to  retain  its  absorbing  power. 

The  temperature  of  the  acid  rather  encreases 
during  this  process,  both  from  the  condensation 
of  vapour,  and  from  the  heat  generated  by  the 
addition  of  water  to  the  sulphuric  acid.  On 
this  account  it  is  of  advantage  to  remove  the 
water  to  be  frozen  as  far  distant  as  possible 
from  the  sulphuric  acid.  This  acid  absorbs 
moisture  rapidly  till  it  has  gained  about  its  own 
bulk  of  water. 

Dr.  Wollaston  has  contrived  a very  simple 
and  striking  application  of  this  experiment. 
The  instrument  is  the  same  as  the  common  toy, 
called  the  pulse-glass,  and  consists  of  a glass 
tube  with  a bore  of  about  | of  an  inch  in  diame- 
ter, terminated  at  each  end  by  a hollow  ball, 
about  an  inch  in  diameter,  and  bent  in  a right 
angle  at  the  distance  of  half  an  inch  from  each 
ball.*  The  length  of  the  tube  intervening  be- 
tween each  ball  is  immaterial  to  the  experiment, 
and  may  be  very  considerable.  One  of  these  balls 
should  be  half  filled  with  water,  and  the  remain- 
ing cavity  should  be  as  perfect  a vacuum  as  pos- 
sible. The  instrument  being  thus  prepared,  let 
the  empty  bulb  be  immersed  in  a mixture  of  salt 
and  snow,  and  the  water  in  the  other  ball  (though 
the  intervening  length  of  tube  be  two  or  three 
feet)  will  be  frozen  solid  in  a very  few  minutes. 
The  reason  of  this  is,  that  the  vapour  of  water 
contained  in  the  empty  ball  is  first  totally  con- 
densed by  the  effect  of  the  freezing  mixture, 
and  the  vacuum  thus  produced  gives  opportu- 
nity for  a fresh  quantity  of  water  to  be  evapo- 
rated from  the  half-filled  ball  with  proportional 
diminution  of  its  temperature,  which  in  its  turn 
is  condensed,  till  sufficient  vapour  has  been 
produced  to  bring  the  water  that  furnishes  it, 
below  the  freezing  point  and  to  solidify  it.  The 
freezing  mixture  therefore  in  this  instance  has 
a similar  effect  with  the  sulphuric  acid  in  Mr. 
LesbVs  experiment. 

Dr.  Wollaston  has  given  to  this  instrument 
the  name  of  Cryophorus , or  Frost-bearer. 

1 Phil.  Trans,  for  1813,. 


In  a paper  by  Dr.  Wollaston, b in  the  philo- 
sophical transactions,  the  identity  of  columbium 
and  tantalium  is  very  satisfactorily  pointed  out. 
In  external  appearance,  columbite  and  tantalite 
bear  a very  close  analogy  to  each  other,  except 
that  the  sp.  gr.  of  the  former  is  5.9 1,  while  that 
of  the  latter  is  7.95. 

Five  grains  of  columbite  being  fused  for  a few 
minutes  with  25  grains  of  carbonated  potash 
and  10  grains  of  borax,  produced  a deep  greerr 
saline  mass,  which  by  the  action  of  dilute 
muriatic  acid  was  dissolved,  with  the  exception 
of  a portion  of  white  oxyd,  which  after  ignition 
weighed  4 grs.  The  muriatic  solution  being 
neutralized  with  carbonate  of  ammonia,  afforded 
with  succinate  of  ammonia  a precipitate,  from 
which  by  ignition  were  obtained  \ of  a grain  of 
oxyd  of  iron.  Lastly,  prussiate  of  potash 
threw  down  prussiate  of  manganese,  yielding 
by  calcination  1 of  a grain  of  oxyd. 

An  equal  weight  of  tantalite  afforded  by. 
similar  treatment 

4!  grains  of  white  oxyd 
4 oxyd  of  iron 

TV  oxyd  of  manganese 

4.95 

Both  the  white  oxyd's  are  nearly  insoluble  in 
any  of  the  three  mineral  acids.  In  potash,, 
either  caustic  or  carbonated,  they  are  readily 
soluble,  one  part  of  oxyd  requiring  about  eight 
parts  of  the  latter  salt.  The  alkaline  solution 
may  be  decomposed  by  means  of  any  acid,  and 
the  recent  precipitate,  though  not  soluble  in  the 
mineral  acids,  is  compleatly  taken  up. by  oxalic,, 
tartaric,  or  citric  acids. 

Neither  infusion  of  galls,  prussiate  of  potash*, 
or  hydrosulphuret  of  potash  occasion  any  change 
in  tile  alkaline  solution,  but  if  this  latter  be 
saturated  by  an  acid,  the  addition  of  tincture  of 
galls  occasions  an  orange  precipitate:  this  pre- 
cipitate is  again  soluble  in  either  of  the  three 
vegetable  acids  already  mentioned,  as  well  as  in 
pure  ammonia,  though  the  mild  volatile  alkali 
appears  to  have  no  such  effect. 

COPPER. 

§ I.  Ores  of 

Emerald  copper  ore.  Kupperschmnragd,  W. 
Ghivre  Dioptase,  H. 

Its  colour  is  emerald  green.  It  occurs  crys- 
tallized in  prismatic  rhornboidal  dodecahedrons, 
which  exhibit  a triple  cleavage,  parallel  to  tha 

b Phil.  Trans.  1809.  p.246. 
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sides  of  an  obtuse  rhomboid,  the  alternate  angles 
of  which  are  123°. 58'  and  56°. 2'.  The  lateral 
planes  of  the  crystals  are  smooth,  and  both  ex- 
ternally and  internally  are  shining  with  a vitre- 
ous lustre.  It  is  more  or  less  translucent,  and 
scratches  glass  with  ditficulty.  Sp.  gr.  3.3. 

Before  the  blowpipe  it  becomes  of  a chesnut 
brown,  and  communicates  to  the  flame  a yel- 
lowish green  colour,  but  does  not  melt  ; with 
borax  it  affords  a globule  of  copper. 

From  an  examination  by  Vauquelin  of  a small 
portion,  scarcely  equal  to  4 grains,  it  appears  to 
consist  of 


Silex  .....  28.57 
Oxyd  of  Copper  . . 28.57 

Carbonate  of  Lime  . 42,85 


99.99 


It  occurs  in  Siberia,  accompanied  by  mala- 
chite. 

Some  additional  facts  and  experiments  on  the 
sulphuret  and  oxyds  of  copper  will  be  found  in 
the  article  Affinity  of  this  appendix. 

CRYOPHORUS.  See  Cold  (Artificial). 


DATHOLITE. 

The  only  crystalline  form  of  this  mineral  as 
yet  known  is  a strait  ten-sided  prism,  of  which 
two  opposite  solid  angles  adjacent  to  each  base 
are  replaced  by  triangular  facets.  The  colour 
is  greyish-white  and  translucent : the  hardness 
of  the  crystals  exceeds  that  of  fluor  spar.  The 
fragments  when  exposed  to  the  flame  of  a can- 
dle become  of  an  opake  white,  and  may  then 
be  easily  rubbed  down  between  the  fingers. 
According  to  an  analysis  by  Klaproth  it  is  com- 
posed of 

35.5  Lime 

36. 5 Silex 

24.  Boracic  acid 
4.  Water 


100.0 


It  occurs  in  the  neighbourhood  of  Arendahl 
in  Norway. 

Var  1.  Externally  redish,  internally  grey; 
botryoidal  ; texture,  concentric  lamellar  with 
Very  fine  divergent  fibres  ; fracture  splintery. 

Occurs  also  at  Arendahl. 

DIALLAGE. 

Under  this  new  species  of  M.  Hauy  are  in- 
cluded the  Schiller  spar,  regarded  by  Werner 
as  crystallized  serpentine,  resplendent  Horn- 
blende, remarkable  for  its  brilliant  pseudo-me- 
tallic lustre,  Bronzite  usually  ranked  as  a 
variety  of  the  foregoing,  and  that  variety  of 
Actynolite  to  which  Karsten  has  given  the 
name  of  Smaragdite. 

The  crystallographical  character  of  the  spe- 
cies is,  natural  divisions  parallel  to  the  sides  of 
a rhomboidal  prism,  the  obtuse  angles  of  which 
are  a few  degrees  larger  than  a right  angle,  the 
prism  hence  resulting  being  still  further  di- 


D 

visible  parallel  to  the  two  diagonals  of  theba6e. 

The  three  varieties  belonging  to  this  species 
are, 

1.  Diallage  verte,  or  Smaragdite,  consisting' 
according  to  Vauquelin  of 
50  Silex 
21  Alumine 
13  Lime 
6 Magnesia 


90 


with  a variable  proportion  of  the  oxyds  of 
chrome  and  of  iron. 

2.  Diallage  Metalloide.  Schiller  spar,  Bron- 
zite, resplendent  Hornblende : of  which  the 
Schiller  spar  has  been  analyzed  by  Drappier 
and  the  Bronzite  by  Klaproth,  with  the  fol- 

B. 

60.  Silex 
0.  Alumine 
0.  Lime 

27.5  Magnesia 

10.5  Oxyd  of  iron 
0.5  Water 


98.5 


3.  Diallage  submetalloide. 

Of  a dark  brown  colour,  with  a slight  semi- 
metallic  tinge  of  violet. 

DIAMOND.  See  Carbon. 

DIASPORE. 

The  colour  of  this  mineral  is  ash-grey  with  a 
moderately  bright  lustre  between  vitreous  and 
resinous  : it  is  composed  of  slightly  curved  la- 
mellar concretions  easily  separable  from  each 
Other.  It  exhibits  natural  joints  parallel  to  the 
n 2 


lowing  results. 
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41.  — 

3.  — 

1.  — 

29.  — 

14.  — 

10.  — 

98. 
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faces  of  a rhomboidal  prism,  the  angles  of 
which  are  alternately  130°  and  50°.  Its  hard- 
ness is  somewhat  superior  to  that  of  glass.  Sp. 
gr.  3.4. 

A small  portion  of  this  mineral  -when  ex- 
posed for  a few  seconds  to  the  flame  of  a candle 
is  dispersed  in  fragments  with  a brisk  decrepi- 
tation. If  heated  in  a close  crucible  it  assumes 
the  appearance  of  boracic  acid.  It  is  composed, 
according  to  Vauquelin,  of 
80.  Alumine 
17.  Water 
3.  Oxyd  of  iron 

100. 

Its  gangue  is  a ferruginous  clay. 

Is  not  this  mineral  a mere  variety  of  the 
Wavellite,  first  discovered  by  Dr.  Wavel 
near  Barnstaple  in  Devonshire,  and  since  found 
in  Brazil  by  Mr.  Mawe  ? 

DICHROITE.  See  Iolite. 

DIOP  BASE.  See  Copper. 

DYEING.  MORDANTS. 

An  enquiry  of  considerable  extent  and  appa- 
rently conducted  with  much  pains  on  the  mode 
in  which  some  of  the  most  usual  mordants  unite 
with  animal  and  vegetable  fibre  has  been  made 
by  Messrs.  Thenard  and  Roard,  of  which  we 
shall  give  a short  abstract.  a 

Of  Alum  Mordants. 

When  wool  or  other  fibre  is  macerated  with 
a solution  of  alum,  either  with  or  without  other 
additions,  this  salt  is  commonly  considered  to 
be  decomposed,  the  alumine  alone  remaining 
united  with  the  animal  or  vegetable  fibre,  and 
thus  serving  as  an  intermede  for  the  fixation  of 
the  colouring  matter.  The  fact  of  this  sup- 
posed decomposition  was  first  examined. 

Some  silk,  thoroughly  cleansed  and  washed, 
was  digested  for  six  days  at  a common  tem- 
perature with  a solution  of  100  grammes  of 
alum  in  4 litres  of  water.  It  was  then  taken 
out  and  washed  in  distilled  water  ; the  remaining 
liquor  with  the  washings  being  then  evaporated, 
yielded  pure  crystals  of  alum  to  the  very  last. 
The  silk  itself  was  then  boiled  with  twelve  suc- 
cessive portions  of  water,  all  of  which  were 
also  evaporated,  and  gave  nothing  but  pure 
alum.  The  entire  quantity  of  alum  thus  re- 
covered from  the  silk  and  from  the  remaining  so- 
lution was  within  of  the  quantity  of  alum 
originally  employed.  The  silk  thus  deprived  of 
alum  had  no  greater  power  of  fixing  dyes  than 
if  the  alum-bath  had  never  been  used. 


From  this  it  is  inferred  that  alum  is  not  de- 
composed in  the  fibres  of  the  silk. 

Some  wool  was  boiled  repeatedly  with  weak 
muriatic  acid  to  separate  the  carbonat  of  lime 
which  naturally  adheres  to  it.  It  was  then 
boiled  with  many  portions  of  fresh  distilled 
water  till  no  trace  either  of  muriatic  acid  or  of 
lime  was  left  in  the  washings,  (which  was  a 
very  long  and  tedious  operation)  and  the  wool 
was  left  quite  pure.  Some  of  it  was  then  boiled 
in  a hot  solution  of  a given  quantity  of  alum, 
and  thus  prepared  it  took  colouring  matter  with 
great  ease.  But  after  being  repeatedly  boiled 
in  water,  all  the  alum  was  washed  out  and 
most  of  this  salt  was  recovered  in  the  same 
state  in  which  it  was  at  first  employed,  though 
some  of  it  remained  mixed  with  an  animal 
matter  extracted  from  the  wool,  and  could 
hardly  be  made  to  crystallize.  The  experiment 
was  therefore  repeated  with  the  difference  of 
using  a cold  alum-bath  in  the  first  instance, 
and  then,  by  successive  washing,  the  whole  of 
the  alum  to  4^0^  part  was  recovered  in  crys- 
tals unaltered.  Alum  therefore  combines  with 
pure  wool  without  undergoing  any  change  or 
decomposition. 

Cotton  and  thread  gave  similar  results,  only 
that  the  subsequent  extraction  of  the  alum  was 
much  less  difficult,  as  the  union  between  alum 
and  vegetable  fibre  is  much  weaker  than  with 
animal  fibre. 

The  authors  then  examined  the  operation  of 
the  alum-bath  on  wool  in  its  common  state  and 
not  previously  purified  of  the  carbonat  of  lime 
which  adheres  to  it.  In  all  the  common  pro- 
cesses of  aluming  wool  the  alum  liquor  in 
which  it  is  steeped  becomes  very  turbid,  and  on 
cooling  lets  fall  an  abundant  white  precipitate. 
This  was  found  to  consist  of  sulphat  of  lime,  of 
neutral  sulphat  of  alumine,  and  sometimes  of  a 
little  alumine.  The  clear  liquor  above  the  pre- 
cipitate, on  the  other  hand,  contained  alum  and 
acid  sulphate  of  potash  with  a little  animal 
matter.  The  wool  itself  when  boiled  with  water 
gave  up  merely  alum  with  a very  trifling  pro- 
portion of  this  white  precipitate.  As  this  pre- 
cipitate never  appears  when  the  wool  has  been 
carefully  purified  from  the  carbonat  of  lime,  the 
authors  examined  the  operation  of  this  earth 
upon  alum  alone.  Alum  long  boiled  with  car- 
borfat  of  lime  is  totally  decomposed  by  a suf- 
ficient proportion  of  it,  into  a solution  of  acid 
sulphat  of  lime  and  a deposit  of  sulphat  of  lime 
with  subsulphat  of  alumine  and  potash. 

Other  earthy  or  alkaline  salts  have  a similar 
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operation  upon  alum  in  changing  it  to  a very 
acid  sulphat  of  potash  or  ammonia,  and  an  in- 
soluble sulphat  of  alumine  with  potash  and  the 
earthy  or  alkaline  matter  employed. 

Acetite  of  alumine  also  unites  with  animal  cm 
vegetable  fibre  at  first  without  being  decom- 
posed, but  by  exposure  to  the  air  some  of  the 
acetic  acid  flies  off,  in  consequence  of  which  a 
sub-acctite  of  alumine  remains  in  the  fibre,  to- 
gether with  a little  mere  alumine. 

Cream  of  Tartar  on  Wool. 

Some  wool,  prepared  in  the  way  already  de- 
scribed, was  macerated  in  a bath  of  very  pure 
cream  of  tartar  and  then  washed  repeatedly  in 
boiling  water.  About  three-fourths  of  the  cream 
of  tartar  used  were  recovered  unchanged,  and 
with  it  was  some  neutral  tartrite  of  potash. 
The  washings  of  the  wool  were  strongly  acid, 
and  yielded  a very  little  cream  of  tartar  and  a 
very  acid  compound  of  tartarcous  acid  and  ani- 
mal matter.  From  this  and  the  former  ex- 
periments may  be  inferred  the  effect  of  wool 
upon  the  common  mixea  mordant  of  cream  of 
tartar  and  alum,  ( since  Berthollet  has  shewn 
that  these  salts  do  not  decompose  each  other) 
the  wool  absorbs  the  alum  totally,  and  a little 
of  the  cream  of  tartar  unchanged,  but  a much 
greater  part  enters  the  wool  with  great  excess, 
of  tartar, eo;s  acid,  and  of  course  the  liquor  in 
which  the  wool  is  macerated  contains  a portion 
of  the  tartar  with  deficiency  of  acid,  or  in  other 
words,  as  neutral  tartrite  of  potash. 

This  was  further  proved  by  direct  experi- 
ment. Wool  was  macerated  in  a bath  of  £ of 
its  weight  of  alum  and  X'T  of  cream  of  tartar : 
the  remaining  liquor  gave  alum,  cream  of  tartar 
and  a mixture  of  tartrite  of  potash  and  animal 
matter ; and  the  wool  itself  when  long  boiled 
in  pure  water  gave  out  an  atom  of  cream  of 
tartar  and  a quantity  of  a compound  of  tar- 
tareous  acid,  alum  and  animal  matter.  Hence 
the  practical  advantage  of  a compound  alum 
and  tartar  mordant  in  cochineal,  kermes  and 
madder  colours,  where  the  tint  is  to  be  en- 
livened by  an  excess  of  acid  in  the  mordant ; 
and  on  the  ether  hand  this  compound  mordant 
should  be  avoided  and  alum  alone  employed, 
with  weld,  logwood  and  Brazil-wood  dyes,  that 
are  degraded  by  acids. 

Some  trial  was  made  of  simple  acids  instead 
of  alum  as  mordants.  Wool  boiled  with  a small 
portion  of  sulphurise,  nitric,  muriatic  and  tar- 
tareous  acids  appeared  to  take  cochineal  and 
madder  colours  as  easily,  and  to  exhibit  as  great 
a body  of  colour  as  with  the  alum  mordant. 


But  the  supertartrite  of  alumine  appeared  to  fix 
a brighter  tone  cf  colour  than  any  other  mor- 
dant. With  regard  to  the  quantity  of  mordant 
no  advantage  was  gained  by  encreasing  it  be- 
yond a quarter  of  the  weight  of  the  /Stuff,  nor 
by  prolonging  its  maceration  in  the  mordant 
beyond  two  hours. 

Scarlet  Dj/e. 

This  dye  is  usually  produced  on  wool  by 
macerating  it  with  certain  proportions  of  cochi- 
neal, cream  of  tartar,  and  a highly  oxydated  and 
acid  solution  of  tin,  in  two  successive  opera- 
tions. The  precise  effect  of  these  two  mordants 
was  examined  in  the  following  way.  Some 
cream  of  tartar  and  nitro-muriat  of  tin  were 
mixed  together,  and  a precipitate  separated, 
which  when  washed  and  separately  examined 
shewed  the  presence  of  tartareous  acid,  of  oxyd 
of  tin,  and  of  a large  excess  of  muriatic  acid. 
The  mother  liquor  contained  cream  of  tartar, 
tartrite  of  potash,  and  a very  acid  muriatof  tin, 
together  with  much  of  the  last  mentioned  pre- 
cipitate, but  held  in  solution  by  the  excess  of 
acid.  Some  very  pure  .Mmol  was  first  steeped 
in  the  usual  compound  mordant  of  tartar  and 
solution  of  tin,  and  then  boiled  many  times 
with  fresh  water,  which  finally  extracted  the 
whole  of  the  mordant  which  it  had  imbibed, 
apparently  not  differing  from  the  precipitate 
formed  by  mixing  the  materials  of  the  mor- 
dant solely.  The  fine  cochineal  scarlet  there- 
fore is  a compound  of  wool,  colouring  matter, 
acid  of  tartar,  muriatic  acid  and  peroxyd  of  tin. 
Nevertheless  the  mordant  liquor  in  which  the 
precipitate  is  formed  is  essential  towards  bring- 
ing out  the  colour,  which  is  done  (as  the  au- 
thors conjecture)  by  its  great  acidity. 

The  tartrite  of  tin  (obtained  by  tartrite  of 
potash  or  soda  and  muriated  peroxyd  of  tin) 
dissolved  in  muriatic  acid,  answers  as  well  as 
the  common  mordant  of  cream  of  tartar  and 
solution  of  tin. 

The  scarlet  dye  is  not  quite  firmly  fixed  inta 
the  wool  by  any  of  the  processes,  hence  it  may- 
be gradually  washed  out  by  repeated  maceration 
in  warm  water,  till  no  other  hue  remains  on  the 
wool  than  a pale  flesh-colour. 

The  researches  of  these  chemists  are  evi- 
dently imperfect,  but  tire  main  points  which 
they  mean  to  establish  are,  the  combination  of 
alum  with  animal  fibre  without  any  decom- 
position of  the  alum,  and  the  change  in  the 
tartar  solely,  by  which  its  acid  is  fixed  on  the 
cloth  j and  likewise  the  powerful  effect  of  the 
colouring  matter  to  fix  the  mordant  on  the  ani- 
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rnal  fibre,  which  is  no  less  powerful  than  the 
action  of  the  mordant  as  an  intermede  for  co- 
louring matter. 

Acctitc  of  Abanins. 


Some  valuable  remarks  on  this  salt,  which  is 
so  largely  used  by  the  calico-printers,  will  be 
found  under  the  article  Acetic  Acid  in  this 
Appendix. 


E 


ETHER.  See  Alcohol,  EUCHLORINE.  See  Muriatic  Acid. 


FERMENTATION.  See  Alcohol. 

FETTSTEIN.  Pierre  grasse,  H. 

The  colour  of  this  mineral  is  a deep  greenish- 
grey;  it  occurs  crystallized  and  amorphous,  and 
presents  natural  joints  parallel  to  the  faces  of 
a strait  rhomboidal  prism  and  also  parallel  to 
the  short  diagonals  of  the  bases.  Its  fracture 
is  uneven,  with  a greasy  lustre  and  slightly 
chatoyant.  It  scratches  glass  and  gives  sparks 
with  steel.  Sp.  gr.  2.61. 

It  is  easily  fusible  before  the  blowpipe  into  a 
white  enamel,  and  is  composed,  according  to 
Vauquelin  of 

44.  Silex 
34.  Alumine 
4.  Oxyd  of  iron 
0.12  Lime 

16.5  Soda  and  potash  (the  former 

* being  in  the  greatest 

98.62  proportion.) 

It  has  hitherto  been  found  only  in  Norway. 

FLUORIC  ACID.  Fluorspar.  Avery 
valuable  memoir  on  this  acid  has  been  published 
by  Messrs.  Gay  Lussac  and  Thenard,a  who 
have  discovered  some  very  curious  circumstances 
Telative  to  this  singular  acid. 

The  reader  will  find  it  stated  ( Ckem . Diet. 
Art.  Fluoric  Acid)  that  fluoric  acid  prepared 
from  fluor  spar,  and  distilled  with  sulphuric 
acid,  always  carries  with  it  a portion  of  the 
silex  of  the  glass  when  prepared  in  glass  retorts, 
and  therefore  that  the  only  way  to  avoid  the 
presence  of  this  earth,  was  to  select  a pure 
fluor  spar  and  to  employ  leaden  vessels.  This 
way  however  has  been  thought  to  introduce  a 
different  impurity,  namely,  a portion  of  the  lead 
of  the  vessel  used,  but  the  authors  of  the  pre- 
sent memoir  scarcely  allow  of  this.  Previous 
to  the  researches  of  these  eminent  chemists  the 
fluoric  acid  had  only  been  obtained  in  a dilute 
state,  the  distilled  acid  being  received  in  water, 
but  the  present  memoir  makes  us  for  the  first 


time  acquainted  with  pure  concentrated  liquid 
Fluoric  acid.  It  is  prepared  in  the  following 
way. 

The  apparatus  consists  of  three  leaden  tubes, 
which  must  be  made  without  any  solder  and 
ground  to  fit  as  well  as  possible : the  tube  A. 
(Plate,  Fig.  5)  contains  the  fluor  spar  and  sul- 
phuric acid  : the  bent  tube  B.  conducts  the  dis- 
tilled acid  into  the  tube  receiver  C.  set  in  a 
vessel  of  ice.  Select  some  very  pure  fluor  spar 
quite  free  from  any  crust  of  quartz  which  often 
covers  this  mineral,  reduce  it  to  fine  powder 
and  put  it  with  abouc  twice  its  weight  of  con- 
centrated sulphuric  acid  into  the  tube  A,  which 
is  set  in  a small  furnace,  and  stir  the  materials 
well  with  an  iron  or  copper  rod.  Lute  all  the 
joinings  carefully  with  fat  lute  (for  the  lead  can 
never  be  made  to  fit  close  enough  by  mere 
grinding)  and  then  heat  the  tube  very  gradually, 
which  must  not  be  above  two-thirds  full.  Soon 
a boiling  will  be  heard,  and  the  pure  fluoric 
acid  will  pass  through  the  conducting  tube  B. 
to  the  receiver  C.  where  it  will  condense  into 
the  liquid  acid.  The  operation  is  finished  when 
on  detaching  a little  the  conducting  tube  from 
the  receiver,  the  end  of  the  former  is  no  longer 
moist.  Besides  applying  the  heat  gradually  and 
very  moderately,  it  is  of  use  not  to  keep  it  up 
longer  than  necessary,  as  the  sulphat  of  lime 
sticks  very  closely  to  the  leaden  tube  and  can- 
not be  got  off  without  difficulty.  Instead  of 
the  above  simple  apparatus,  some  chemists  me 
with  equal  success  a leaden  retort  (made  of  two 
pieces  fitting  to  each  other  for  greater  con- 
venience) and  the  beak  fitted  to  a leaden  re- 
ceiver. 

Before  we  mention  the  chemical  properties 
of  this  acid,  we  shall  notice  by  way  of  pre- 
caution the  excessive  caustic  property  which  it 
possesses  in  destroying  all  animal  matter.  The 
instant  that  a drop  of  the  concentrated  acid 
touches  the  skin  it  destroys  the  surface,  a vio- 
lent pain  soon  follows,  the  adjacent  parts  be- 
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’tfome  white  &nd  painful,  and  a deep  boil  or 
slough  is  produced  in  the  flesh,  forming  a 
sore  which  takes  several  days  or  even  weeks 
to  heal,  and  even  endangers  the  whole  finger  if 
the  quantity  of  acid  amounts  to  some  drops. 

A single  instant  of  contact  of  the  concen- 
trated acid  appears  sufficient  to  produce  the 
mischief,  which  will  take  place  several  hours 
after  the  time  of  contact ; so  that  chemists  who 
repeat  these  experiments  should  take  particular 
care  to  avoid  these  accidents  when  replacing 
the  lute,  pouring  out  the  acid,  &c. 

The  concentrated  Fluoric  Acid  thus  obtained 
is  a liquid  at  any  temperature  from  — 4°  Fahr. 
to  G0°.  The  heat  at  which  it  boils  is  not  as- 
certained, but  it  is  certainly  easily  evaporable, 
especially  when  in  contact  with  air ; for  thus 
exposed,  it  soon  wastes  away'at  a very  moderate 
heat.  It  is  difficult  to  find  proper  vessels  to 
keep  this  powerful  substance.  Glass  vessels 
of  course  are  improper,  as  the  acid  instantly 
corrodes  them  ; and  many  of  the  metals  are 
also  acted  on  by  it-  Leaden  vessels  would 
answer  very  well  if  it  were  not  for  the  difficulty 
of  making  any  leaden  stopper  to  fit'  properly 
without  the  assistance  of  lute,  which  itself  is 
gradually  altered  by  the  acid  vapour.  The 
authors  of  this  memoir  prefer  silver  vessels. 

As  soon  as  the  concentrated  fluoric  acid  is 
exposed  to  the  air  it  absorbs  the  atmospherical 
moisture,  and  in  so  doing  emits  abundance  of 
strong  suffocating  vapours,  which  should  be 
carefully  avoided.  When  a few  drops  of  the 
acid  are  added  to  water  much  heat  is  produced 
and  a noise  like  that  of  quenching  red-hot  iron  ; 
in  which  respect  it  resembles  and  is  even  su- 
perior to,  the  strongest  sulphuric  acid. 

The  moment  this  fluoric  acid  touches  glass  it 
takes  off  its  polish,  the  acid  heats,  boils,  and 
totally  disappears,  resolving  itself  into  silicated 
fluoric  acid  gas,  exactly  similar  to  that  pro- 
duced by  distilling  fluor-spar  and  sulphuric  acid 
from  glass  vessels.  This  may  be  shewn  in  a 
striking  manner  by  distilling  the  pure  acid  from 
a vessel  as  above  described,  but  instead  of  using 
a leaden  receiver  causing  the  conducting  leaden 
tube  (previously  dipped  in  melted  wax  to  pro- 
tect it  from  the  action  of  mercury)  to  pass  under 
a glass  jar  full  of  mercury  and  inverted  over 
this  fluid.  As  soon  as  a drop  of  the  strong 
liquid  acid  touches  the  inner  part  of  the  glass 
receiver  it  attacks  the  glass,  makes  it  opake,  and 
the  acid  is  speedily  converted  into  vapour  along 
with  the  silex  of  the  decomposed  spot  of  glass, 
which  is  shewn  by  its  displacing  an  equivalent 
volume  of  the  mercury  with  which  the  tube 


was  filled.  There  remains  on  the  glass  a solid 
matter  composed  of  acid  fluat  of  silex  with  a 
little  of  the  wax.  Though  this  silicated  gas  is 
formed  almost  instantaneously,  it  appears  to  be 
as  fully  saturated  with  silex  as  that  procured  by 
the  slow  distillation  of  fluor-spar,  glass,  and 
sulphuric  acid.  Fluoric  acid  therefore  when 
pure  is  in  a liquid  state,  however  concentrated, 
if  the  temperature  does  not  exceed  about  00°, 
but  its  union  with  silex  enables  it  to  assume 
the  form  of  a permanently  elastic  gas  at  any 
temperature,  which  however  is  absorbed  and 
decomposed  by  water,  as  will  be  presently  men- 
tioned. 

When  the  pure  fluoric  acid  is  diluted  with  so 
little  water  as  still  to  emit  fumes  in  the  air,  its 
action  on  silex  is  still  instantaneous!,  and  it 
equally  retains  the  property  of  resolving  itself 
by  this  action  into  silicated  fluoric  gas ; but 
when  further  diluted,  this  latter  property  ceases, 
and  its  action  on  glass  is  proporttonably  weak- 
ened and  retarded.  It  is  more  conveniently 
employed  in  its  diluted  state  for  etching  on 
glass,  when  its  action,  is  not  apparent  till  after 
some  hours. 

A similar  use  of  this  acid  is  to  destroy  the 
polish  of  glass,  which  may  be  advantageously 
employed  for  lamp-shades. 

When  the  sole  object  is  to  prepare  a dilute 
acid,  it  v. ill  be  done  with  much  more  con- 
venience by  distilling  the  pure  fluor-spar  and 
sulphuric  acid  in  leaden  vessels  and  receiving 
the  product  in  a leaden  vessel  containing  water. 

Pure  liquid  fluoric  acid  acts  with  prodigious 
vehemence  on  potassium  when  a piece  of  this 
latter  is  dropped  into  the  acid.  A violent  deto- 
nation takes  place,  so  as  to  disperse  the  whole 
contents;  but  when  the  acid  is  gradually  ap- 
plied to  the  potassium  enclosed  in  a tube  full  of 
azotic  gas,  the  action  is  more  moderate,  and  the 
products  can  be  collected.  They  are,  chiefly, 
a very  large  quantity  of  hydrogen  gas,  and  a 
transparent  liquid,  which  'scon  crystallizes  in 
the  air  into  acid  fiuat  of  potash.  Hence  the 
authors  conclude  that  the  most  concentrated 
fluoric  acid  contains  a portion  of  water,  that 
when  this  unites  with  potassium  the  water  is 
decomposed,  its  hydrogen  appears  irr  its  simple 
form,  and  its  oxygeil  converts  the  potassium  to 
potash,  which  then  unites  with  the  acid  into 
fluat  of  potash.  If  this  explanation  be  just, 
the  potassium  dees  not  decompose  the  fluoric 
acid,  but  only  the  water  w ith  which  it  is  united, 
when  liquid. 

Alkaline  and  Earthy  Fluats.  Neutral  fluat 

of  potash  was  made  by  direct  combination,  at 
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the  acid  and  alkali.  This-  neutral  salt  is  very- 
deliquescent,  has  a pungent  taste,  and  is  not 
easily  crystallized.  Sulphuric  acid  decomposes 
it  even  when  cold,  with  much  effervescence 
and  disengagement  of  vapour.  Lime-water, 
strontian  and  barytic  water,  and  the  neutral 
solutions  of  barytes,  strontian,  lime,  magnesia, 
alumine,  glucine,  yttria,  and  zircon,  when 
poured  into  a solution  of  fluat  of  potash,  all  pro- 
duce a precipitate  of  the  fluoric  acid  and  the 
base  employed. 

When  siiicated  fluoric  acid  gas  is  passed  into 
water  a copious  precipitate  takes  place,  which 
consists  of  an  acidulous  fluat  of  silex,  and  there 
remains  in  solution  a very  acid  fluat  of  the 
same  earth.  If  caustic  potash  is  added  to  the 
latter  solution,  a nearly  insoluble  salt  is  formed, 
which  is  „a  triple  compound  of  fluoric  acid  in  a 
little  excess,  of  potash  and  of  silex.  So  nearly 
is  this  salt  insoluble  that  the  supernatant  liquid 
scarcely  leaves  any  residue  when  evaporated  to 
dryness.  This  triple  salt  is  in  the  form  of  a 
transparent  jelly,  nearly  tasteless,  but  reddens 
litmus,  and  may  be  dried  without  decomposi- 
tion. At  a red  heat  and  also  by  sulphuric 
acid  in  the  cold  it  is  decomposed,  and  gives  out 
common  siiicated  fluoric  gas.  An  excess  of 
alkaline  solution  dissolves  this  triple  salt  if 
heated. 

Soda  combined  directly  with  pure  fluoric  acid, 
forms  a hard  salt  in  small  crystals,  which  is 
somewhat  more  soluble  in  hot  than  in  cold 
water.  It  neither  deliquesces  nor  effloresces. 
Sulphuric  acid  decomposes  it  with  strong  effer- 
vescence of  fluoric  acid  gas.  The  simple  so- 
lutions of  the  earths  and  also  the  soluble  earthy 
salts  form  insoluble  precipitates  with  this  salt, 
consisting  of  the  fluoric  acid  and  the  base  em- 
ployed. 

Soda  appears  to  act  upon  siiicated  fluoric 
acid  in  a very  different  manner  from  potash, 
for  instead  of  only  partially  decomposing  this 
compound,  and  forming  triple  siiicated  salts, 
it  totally  separates  the  silex,  when  at  a boiling 
heat,  in  a gelatinous  form,  and  the  liquor  se- 
parable by  filtration  is  pure  fluat  of  soda,  not 
differing  from  the  salt  made  by  the  direct  union 
of  the  pure  acid  and  soda. 

Fluat  of  ammonia  formed  by  the  pure  acid 
and  liquid  ammonia,  though  neutral  at  first, 
becomes  acidulous  by  evaporation,  part  of  the 
alkali  volatilizing,  and  then  is  incapable  of  cry- 
stallizing, and  finally  evaporates  totally  in  white 
fumes.  When  liquid  ammonia  is  added  in  ex- 
cess to  siiicated  fluoric  acid,  much  of  the  silex 
separates  as  a white  opake  jelly,  and  is  the 


pure  earth  uncombined  with  any  portion  of 
acid.  i'he  supernatant  liquor  is  a triple  com- 
pound of  fluoric  acid,  silex,  and  ammonia,  which 
becomes  acidulous  by  evaporation,  and  then  a 
fresh  addition  of  ammonia  separates  more  silex  ; 
and  this  alternate  evaporation  of  excess  of  am- 
monia and  precipitation  by  fresh  alkali,  may  be 
repeated  a number  of  times  on  the  same  ma- 
terials. Hence  the  fluat  of  ammonia  can  only 
be  made  by  the  direct  union  of  the  pure  acid 
and  ammonia ; but  pure  silex  may  be  extracted 
from  the  siiicated  fluoric  acid  by  means  of  this 
alkali. 

Pure  fluoric  acid  causes  a flocculent  precipi- 
tate in  barytic  water,  which  an  excess  of  the 
same  acid  or  of  the  nitric  or  muriatic  acids, 
will  redissolve.  The  same  barytic  fluat  is  pro- 
duced by  adding  fluat  of  potash  or  soda  to  any 
soluble  salt  of  barytes.  But  when  any  of  these 
barytic  salts  is  added  to  the  siiicated  fluoric 
acid,  after  some  minutes,  a quantity  of  very 
hard  small  crystals  falls  down,  which  are  inso- 
luble in  water  or  acids,  and  are  a triple  salt  of 
fluoric  acid,  barytes,  and  silex. 

The  compound  salt  of  fluat  of  silex  and  fluat 
of  lime,  or  triple  compound  of  fluoric  acid  and 
these  two  earths,  probably  exists  native,  for  there 
are  many  specimens  pf  fluor  spar  which  appear 
quite  uniform  and  transparent,  but  yet  give  the 
siiicated  fluoric  acid,  and  not  the  pure  acid, 
when  distilled. 

Fluoric  acid  diluted  with  six  or  seven  parts  of 
water  dissolves  zinc  rapidly,  and  with  disen- 
gagement of  much  hydrogen.  The  solution  at 
first  remains  clear  owing  to  the  excess  of  acid, 
but  after  a time  the  fluat  of  zinc  separates  al- 
most totally  in  white  flocculi.  The  same  salt 
is  made  immediately  by  adding  fluat  of  potash 
to  sulphat  of  zinc.  This  fluat  is  tasteless,  in- 
soluble in  water,  but  readily  dissolves  in  nitric, 
muriatic,  or  its  own  acid.  It  cannot  be  crys- 
tallized. 

The  habitudes  of  iron  with  fluoric  acid  much 
resemble  those  of  zinc,  only  the  fluat  of  iron  is 
much  less  easily  soluble  in  an  excess  of  its  own 
acid. 

Fluoric  acid  moderately  concentrated,  does 
not  act  upon  metallic  tin  cold  or  hot,  but  it 
readily  dissolves  the  peroxyd  of  this  metal.  This 
salt  may  be  evaporated  to  dryness  without  being 
sublimed,  in  which  it  differs  from  the  muriat 
of  tin. 

The  suboxyd  of  tin  is  also  soluble  with  ease 
in  fluoric  acid.  When  evaporated  by  itself  with 
contact  of  air,  it  becomes  oxygenated,  and  is 
changed  to  the  last-mentioned  salt  j but  evapo- 
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rated  in  contact  witli  tin  filings,  it  remains  un- 
changed, and  very  brilliant  white  acid  crystals 
of  fluated  suboxyd  of  tin  are  formed. 

Metallic  copper  is  not  attacked  by  fluoric 
acid,  even  with  only  twice  its  weight  of  water, 
but  the  oxyd  of  copper  easily  dissolves,  and  small 
blue  acid  crystals  are  produced. 

Fluoric  acid  easily  dissolves  the  oxyd  of  sil- 
ver, and  the  silt  has  a very  strong  metallic 
taste,  is  high'y  soluble  in  water  and  deliques- 
cent. It  is  not  volatile  by  heat,  but  fuses  like 
luna  cornea,  losing  thereby  its  excess  of  acid, 
but  lemains  soluble.  It  cannot  be  crystallized. 
It  stains  the  skin  black.  The  fixed  alkalies  and 
earths  decompose  it,  but  not  ammonia.  Metal- 
lic silver  is  not  acted  on  by  this  acid,  but  it  is 
readily  dissolved  by  heating  fluated  peroxyd 
of  mercury  with  silver.  Fluat  of  potash  does 
not  precipitate  nitrat  of  silver. 

Lead  is  only  acted  on  by  fluoric  acid  when 
oxydated.  Fluat  of  lead  is  readily  formed  by 
fluat  of  potash  and  acetite  of  lead.  It  precipi- 
tates in  white  flocculi,  which  become  brilliant 
laminae  after  washing.  It  is  insoluble  in  water, 
but  readily  dissolves  in  nitric,  muriatic,  or 
fluoric  acids.  It  melts  at  a low  red  heat,  and 
turns  yellow,  losing  part  of  its  acid. 

Metallic  mercury  resists  fluoric  acid,  but  the 
red  oxyd  dissolves  in  it  when  moderately  diluted 
and  boiled  in  a platina  vessel.  This  salt  is  in 
small  yeliow  lamellar  crystals,  but  it  forms  with 
difficulty,  and  requires  a great  quantity  of  the 
acid.  These  crystals  totally  exhale  when 
strongly  heated.  They  are  acid,  but,  when 
washed  with  water,  a part  of  the  salt  dissolves 
along  with  most  of  the  excess  of  acid,  and  the 
remaining  salt  becomes  of  a deep  orange  or 
red.  In  this  separation  by  water  into  a soluble 
acid  salt,  and  an  insoluble  neutral  salt,  the  fluat 
of  mercury  agrees  with  most  of  the  other  highly 
oxydated  mercurial  salts. 

The  authors  of  this  interesting  memoir  then 
proceed  to  describe  other  properties  of  the 
fluoric  acid,  and  in  particular  a very  singular 
compound  of  this  wi  h the  boracic  acid  which 
they  have  discovered,  and  to  which  they  give 
the  name  of  Fluoboracic  acid.  But  before  we 
proceed  with  this  part  of  the  subject,  we  shall 
notice  a valuable  paper  on  many  of  the  proper- 
ties and  compounds  of  fluoric  acid  by  Mr.  J. 
Davy,  whose  experiments  appear  to  have  been 
made  nearly  at  the  same  time  with  those  of  the 
French  chemists  above  described,  though  not 
published  so  soon.b 

Pure  fluoric  acid,  as  Mr.  J.  Davy  observes, 

b Phil.  Trans,  for 


has  never  yet  been  obtained  in  a gasseous  state, 
and  only  two  substances  have  hitherto  been 
known  to  have  the  power  of  uniting  with  it  into 
a permanently  elastic  gas,  namely,  silex  and  bo- 
racic acid.  The  former  substance  makes  the 
well  known  compound  first  discovered  by 
Scheele,  and  to  which  the  term  Silicated 
Fluoric  Gas  is  properly  applied.  It  is  difficult, 
as  already  mentioned,  to  avoid  obtaining  this  gas 
in  treating  fiuor  spar  with  sulphuric  acid,  unless 
a very  pure  fluor  be  chosen  and  metallic  vessels 
used.  It  is  conveniently  prepared  by  adding 
pounded  glass  to  the  spar  and  acid,  and  by  this 
means  the  glass  retort  may  be  saved  for  a future 
operation.  This  gas  is  perfectly  saturated  with 
silex,  for  it  may  be  long  kept  under  glass  vessels 
without  taking  off  their  polish.  A hundred 
cubic  inches  of  this  gas  at  a medium  pressure  and 
temperature,  weigh  1 10.78  grains,  or  about  three 
times  as  much  as  common  air,  of  which  100 
cubic  inches  in  similar  circumstances  weigh 
36.45  grains. 

To  analyze  silicated  fluoric  gas,  Mr.  J.  Davy- 
caused  40  cubic  inches  of  it  to  be  absorbed  by 
liquid  ammonia,  and  obtained  from  it  27. 2 
grains  of  pure  silex,  after  full  edulcoration  and 
ignition.  Supposing  the  remaining  weight  of 
the  40  cubic  inches  to  be  fluoric  acid,  (and 
therefore  the  whole  of  the  silex  to  have  been 
separated  by  the  ammonia)  it  would  amount  to 
17.1  grains,  and  hence  silicated  fluoric  gas 
would  contain 

61.4  Silex 

38.6  Fluoric  acid 


100.0 

This  gas  is  partially  and  unequally  decom- 
posed, by  the  action  of  water,  into  a preci- 
pitate of  much  silex  and  a little  acid,  and  a 
liquid  containing  much  acid  and  little  silex. 
This  liquid  is  properly  termed  by  Mr.  D. 
Subsi/icatcd  Fluoric  Acid.  To  analyze  it,. 
Mr.  D.  assumes  that  the  precipitate  formed  by 
the  absorption  of  silicated  fluoric  gas  in  water, 
is  mere  silex,  and  that  the  whole  of  the  acid  re- 
mains in  the  solution,  (which  is  contrary  to  the 
opinion  of  Gay  Lussac)  and  hence  the  Subsi/i - 
cattd  Fluoric  Acid  differs  from  the  former 
only  by  the  quantity  of  silex  separated  on 
its  absorption  by  water.  It  is  therefore  thus 
composed. 

54.56  Silex 
45.44  Acid 


100.00 
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Water,  Mr.  D.  finds,  will  absorb  and  decom- 
pose about  263  times  its  bulk  of  silicated  fluoric 
gas  by  direct  experiment.  Dr.  Priestley  found 
that  when  muriatic  gas  is  admitted  to  water 
that  has  absorbed  the  fluoric  gas,  the  former  is 
totally  absorbed,  and  the  latter  resumes  its  ori- 
ginal gasseous  state,  taking  up  with  it  the  silex 
which  had  been  separated  by  the  water.  The 
liquid  that  remains  is  simple  muriatic  acid. 
Sulphuric  acid  has  the  same  effect  as  the  mu- 
riatic in  expelling  silicated  acid  from  water  by 
which  it  had  been  absorbed.  In  either  case, 
much  effervescence  takes  place  in  proportion 
as  the  silicated  gas  resumes  its  gasseous  form. 

The  liquid  subsilicated  acid  does  not  appear 
to  corrode  glass  vessels  in  which  it  is  kept. 

Silicated  fluoric  gas,  like  carbonic  gas,  con- 
denses twice  its  yolume  of  ammoniacal  gas 
when  the  two  are  mixed  over  mercury  : and 
they  unite  only  in  these  proportions,  whatever 
excess  of  either  gas  be  employed.  The  result 
is  a dry  salt,  containing  according  to  Mr.  Davy, 
24.5  per  cent,  of  ammonia,  and  saturated  with 
silex : this  salt  is  decomposed  by  water  as  the 
silicated  fluoric  gas  is,  the  same  proportion  of 
silex  being  separated,  and  the  liquid  residue 
being  a subsilicated  fluat  of  ammonia,  of  which 
the  alkali  amounts  to  28.34  per  cent.  This  salt, 
obtained  by  slow  evaporation,  is  in  the  form  of 
brilliant  tetrahedral  prisms,  very  soluble  in 
water  but  not  deliquescent,  and  subliming  un- 
altered by  heat.  It  just  reddens  litmus.  Mr. 
Davy  observes,  that  if  the  concentrated  solution 
of  this  salt  is  evaporated  in  glass  or  earthen 
vessels,  it  powerfully  erodes  them  if  heated  to 
the  boiling  point,  as  is  shewn  by  a deposition  of 
silex  on  dilution  wdth  more  water. 

The  sulphuric  acid  decomposes  the  subsili- 
cated fluat  of  ammonia,  expelling  silicated  fluoric 
gas.  Potash  also  decomposes  it,  expelling  the 
ammonia,  and  forming  subsilicated  fluat  of 
potash. 

Contrary  to  the  experience  of  Messrs.  Gay 
Lussac  and  Thenard,  Mr.  J.  Davy  finds  that  an 
excess  of  ammonia  separates  the  whole  of  the 
silex  from  the  subsilicated  fluat  of  ammonia, 
and  the  remaining  liquid  furnishes  by  evapora- 
tion in  metallic  vessels  a simple  fluat  of  ammo- 
nia, containing  76.4  of  alkali,  and  23.6  of  pure 
fluoric  acid,  besides  water  of  crystallization. 
This  fluat  thus  formed  is  quite  neutral,  and  de- 
liquesces in  the  air.  When  heated  somewhat 
above  the  boiling-water  point,  a part  of  the  am- 
monia flies  off,  leaving  a salt  with  excess  of  acid 
behind.  When  the  heat  is  further  raised,  the 
whole  salt  sublynes  in  very  pungent  fumes, 


highly  dangerous  to  respire.  If  this  be  done  in 
a glass  vessel  it  is  strongly  corroded,  and  the 
salt  is  now  converted  to  silicated  fluat  Indeed 
the  action  of  this  simple  fluat  of  ammonia  is  so 
strong  on  glass,  that  a little  of  the  solution  pen- 
cilled on  and  moderately  warmed,  will  speedily 
produce  an  etching. 

FLUOBORACIC  ACID. 

This  name  has  been  given  by  the  discoverers, 
Messrs.  Gay  Lussac  and  Thenard,  to  a singular 
gasseous  acid,  a compound  of  the  fluoric  and 
boracic.  These  chemists  finding  that  the  pure 
fluoric  acid,  obtained  from  fluor  spar  and  sul- 
phuric acid  in  the  manner  described  in  the  fore- 
going article,  though  a highly  concentrated 
liquid,  was  probably  combined  with  a portion 
of  water  (as  concentrated  sulphuric  acid  itself 
is)  endeavoured  to  expell  the  fluoric  acid  pure, 
dry  and  gasseous,  from  fluor  spar  by  the  action 
of  another  acid,  which  could  not  be  suspected 
to  contain  any  water  in  its  composition.  The 
vitrified  boracic  acid  was  selected  for  that  pur- 
pose, and  on  distilling  it  in  a strong  heat  with 
fluor  spar,  it  was  found  that  the  fluoric  acid  was 
indeed  expelled  in  a perfectly  dry  state,  but  that 
in  the  process  it  became  united  chemically  with 
a portion  of  boracic  acid,  which  it  thus  volati- 
lized, and  retained  as  a permanently  elastic  gas, 
in  the  same  manner  as  silex  is  gassified  with 
fluoric  acid  w'hen  fluor  spar,  glass  and  sulphuric 
acid  are  distilled  together. 

Therefore,  though  these  ingenious  chemists 
failed  in  their  object  of  producing  a pure  gas- 
seous fluoric  acid,  they  have  discovered  pz  new 
gasseous  compound  of  fluoric  and  boracic  acids, 
which  has  several  remarkable  properties. 

The  fluoboracic  acid  is  thus  prepared.  Take 
the  lower  end  of  a gun-barrel  with  the  touch- 
hole  plugged  up,  coat  it  with  good  fire  lute,  put 
into  it  a quantity  of  very  pure  fluor  spar  mixed 
with  half  its  weight  of  pure  vitrified  boracic 
acid,  both  reduced  to  powder;  lute  on  the  end 
of  the  barrel  a bent  glass  tube;  put  the  barrel 
into  a furnace  so  that  the  open  end  projects,  and 
let  the  extremity  of  the  glass  tube  dip  under  a 
jar  full  of  mercury.  When  the  heat  is  raised 
to  full  redness,  the  acid  gas  is  expelled  in  dense 
vapours,  and  as  soon  as  they  are  totally  absorb- 
able by  water,  the  gas  is  pure  and  may  be  col- 
lected under  mercury. 

This  compound  acid  gas  is  a colourless  per- 
manently elastic  fluid  ; its  smell  is  pungent;  it 
extinguishes  light  instantly,  and  powerfully  red- 
dens blue  vegetable  colours.  When  this  gas 
comes  in  contact  with  any  air  containing  hygro- 
metric  moisture,  it  condenses  in  thick  white 
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fumes,  but  it  mixes  uniformly  with  dry  air,  and 
hence  it  is  an  excellent  test  of  hygrometric 
moisture.  It  has  no  action  whatever  on  glass. 
It  corrodes  vegetable  and  animal  matters  as 
powerfully  as  the  strongest  sulphuric  acid,  and 
carbonizes  them,  so  that  it  instantly  blackens 
paper. 

It  converts  alcohol  into  ether.  It  does  not 
however  corrode  the  skin  whilst  experiments 
are  made  upon  it.  Water  appears  to  dissolve  at 
least  as  much  of  this  gas  as  of  muriatic  acid  gas, 
and  at  the  same  time  the  water  heats  and  expands 
much. 

When  it  is  saturated  it  forms  a limpid  fuming 
caustic  liquid,  which  when  heated  will  give  out 
only  a fifth  of  the  gas  that  it  had  absorbed,  and 
it  then  resembles  strong  sulphuric  acid  in  causti- 
city and  in  appearance,  and  like  this  acid  its 
boiling  point  is  very  high,  and  when  distilled  by 
itself,  it  condenses  in  long  streaks  on  the  re- 
ceiver, 

The  fluoboracic  acid  combines  very  easily 
with  the  various  salifiable  bases.  When  satu- 
rated with  ammonia  and  when  the  solution  is 
evaporated  to  dryness,  a higher  heat  expels  a 
white  sublimate  of  fluatof  ammonia  mixed  with 
some  borate  of  ammonia,  and  pure  fused  boracic 
acid  remains  behind. 

These  chemists  did  not  pursue  the  examina- 
tion of  these  compounds  much  further,  except 
to  ascertain  that  the  fluoboracic  gas  is  not  altered 
by  passing  through  red-hot  iron  turnings. 

Mr.  J.  Davy  (in  the  paper  above  quoted)  finds 
that  this  compound  acid  gas  may  be  procured  in 
an  easier  manner  than  that  just  described.  It 
is  sufficient  to  heat  gently  in  a common  glass 
retort,  one  part  by  weight  of  fused  boracic  acid 
mixed  with  2 parts  of  fluor  spar,  both  in  fine 
powder,  and  about  12  of  sulphuric  acid.  Com- 
mon calcined  borax  will  even  answer,  but  not  so 
well.  If  the  heat  is  gentle  the  retort  will  be 
untouched,  and  pure  fluoboracic  gas  will  be 
produced.  If  the  heat  be  raised  higher,  a 
viscid  mixture  of  sulphuric  and  fluoboracic  acid 
comes  over.  Not  more  sulphuric  acid  should 
be  used  than  is  necerrary  to  decompose  the 
fluor  spar,  on  account  of  the  quantity  of  the 
fluoboracic  gas  which  is  absorbed  by  the  sulphu- 
ric acid.  The  specific  gravity  of  this  gas,  Mr. 
J.  Davy  estimates  to  be  to  that  of  common-air, 
as  Id. 7 to  6.2,  and  hence  100  cubic  inches 
weigh  73.5  grains.  Water  condenses  no  less 
than  700  times  its  volume  of  this  gas,  which  is 
more  than  of  any  other  known  gas  Water  thus 
fully  saturated  has  1.77  specific  gravity.  Sul- 
phuric acid  condenses  about  50  times  its  volume 


of  the  gas,  and  forms  a dense  tenacious  com- 
pound. 

Some  singular  results  take  place  on  com- 
bining the  fluoboracic  gas  with  ammoniacal  gas. 
When  equal  volumes  of  the  two  gasses  are  used, 
they  condense  into  a solid  white  opake  salt. 
When  a double  or  triple  quantity  of  ammonia 
is  employed,  the  dry  salt  resolves  itself  into  a 
transparent  colourless  fluid,  though  without  con- 
taining any  water. 

Decomposition  of  Fluoboracic  and  Silicatcd 
Fluoric  Gas. 

The  singular  energy  of  potassium  in  depriving 
most  oxyds  of  their  oxygen,  and  leaving  their 
bases  separate,  has  been  employed  to  discover 
the  hitherto  unknown  radical  of  fluoric  acid. 
But  here  a particular  difficulty  occurs,  as  no 
means  have  yet  been  found  of  obtaining  fluoric 
acid  free  from  water,  except  by  combining  it 
with  silex  or  with  boracic  acid  in  the  form  of 
gas.  As  the  presence  of  water  entirely  de- 
feats the  purpose  of  applying  potassium,  it  is 
necessary  to  take  the  other  alternative  of 
employing  one  of  the  two  compound  fluoric 
gasses. 

Messrs.  Gay  Lussac  and  Thenard  have  ex- 
amined the  effect  of  potassium  on  both  these 
gasses. 

Potassium  is  not  sensibly  acted  on  by  dry 
silicated  fluoric  gas  at  a common  temperature, 
but  if  it  is  melted  in  the  gas  by  a gentle  heat,  it 
thickens  and  burns  strongly  with  much  light  and 
heat.  In  this  process  a large  quantity  of  the 
gas  is  absorbed,  very  little  hydrogen  is  given 
out,  and  the  potassium  is  converted  into  a red- 
dish brown  substance.  When  this  latter  sub- 
stance is  digested  with  hot  water,  some  hydro- 
gen is  given0 out,  the  hot  water  holds  in  solution 
some  fluat  of  potash;  and  the  insoluble  portion, 
after  calcination  in  an  open  crucible  or  combus- 
tion in  oxygen,  yields  a triple  fluat  of  potash  and 
silex.  From  these  facts  the  authors  conclude, 
that  the  potassium  when  burned  in  silicated 
fluoric  gas,  decomposes  the  fluoric  acid,  and 
that  the  reddish  brown  substance  is  a compound 
of fluoric  radical,  potash,  and  silex,  and  perhaps 
some  undecomposed  fluoric  acid,  and  hence 
when  it  is  afterwards  digested  with  water,  the 
fluoric  radical  returns  to  the  state  of  fluoric  acid, 
and  forms  with  the  potash  and  silex  an  insolu- 
ble fluat  of  silex  and  potash.  Potassium  burns 
with  great  ease  in  this  gas,  and  when  only  a 
small  quantity  is  used,  it  may  be  done  in  a small 
glass  tube  full  of  the  gas,  into  which  the  potas- 
sium is  introduced  on  an  iron  support,  and  heat 
applied  externally  by  a spirit  lamp.  Sodium 
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has  a similar  action  on  this  gas  to  that  of  po- 
tassium. 

Potassium  is  equally  combustible  in  the  fluo- 
boracic  gas  as  in  the  silicated  gas,  and  nearly 
with  similar  appearances.  The  residue  after 
combustion  is  chocolate  coloured  solid  unme- 
tallic  in  appearance,  with  very  little  taste  and 
fusible  at  a cherry  red  heat.  When  thrown  into 
water,  hot  or  cold,  it  gives  out  only  a few  bub- 
bles of  hydrogen  and  a portion  dissolves.  This 
portion  is  mere  fluat  of  potash,  for  it  is  precipi- 
tated by  the  watery  solutions  of  lime,  barytes, 
and  strontian,  and  also  by  the  soluble  salts  of 
these  earths  ; and  moreover  when  evaporated  to 
dryness,  the  salt  gives  much  fluoric  acid  vapour 
with  sulphuric  acid,  and  sulphat  of  potash  is  left. 
On  tire  other  hand,  the  insoluble  portion  of  the 
product  of  potassium  burnt  in  fluoboracic  gas 
is  a dark  coloured  insipid  infusible  substance, 
which  easily  decomposes  nitric  acid,  and  is 
thereby  converted  to  Bcnacic  acid.  It  is 
equally  changed  to  this  acid  when  burnt  in  the 
open  air  or  in  oxygen  gas,  and  when  deflagrated 
with  nitre,  it  yields  borat  of  potash.  From  all 
these  circumstances,  they  conclude  that  this 
chctcohte-brown  insoluble  portion  is  the  Boracic 
Radical , or  Boron , probably  combined  with  a 
little  fluoric  radical. 

Similar  experiments  to  those  just  mentioned 
have  been  performed  by  Sir  H.  Davy,c  with  re- 
sults that  correspond  in  a very  great  degree. 
When  silicated  fluoric  acid  gas  is  introduced 
into  a plate-glass  retort,  exhausted  after  being 
filled  with  hydrogen  gas,  and  potassium  is  added, 
white  fumes  are  perceived,  and  the  metal  be- 
comes covered  with  a greyish  crust.  These  do 
not  materially  encrease  while  the  heat  is  kept 
moderate,  and  no  change  will  be  found  in  the 
gas,  except  by  the  addition  of  a small  quantity 
of  hydrogen.  But  if  the  heat  be  raised  to  the 
sublimation  of  potassium,  the  metal  rises  through 
the  crust  and  kindles,  burning  with  a most  bril- 
liant red  light.  If  the  potassium  is  in  sufficient 


quantity,  all  the  fluoric  gas  is  consumed,  and 
hydrogen  alone  remains,  which  does  not  ex- 
ceed a tenth  of  the  fluoric  gas  if  previously 
dried.  A chocolate  coloured  mass  is  left  in  the 
retort.  This  substance  effervesces  violently  in 
water,  giving  out  an  inflammable  gas.  When 
a portion  of  it  is  heated  in  the  air,  it  burrns 
slowly,  and  even  in  oxygen  with  difficulty.  The 
final  product  of  the  combustion  of  this  mass  and 
of  its  solution  in  water*  is  fluat  of  potash  with 
silex. 

The  same  eminent  chemist  also  employed  * 
fluoric  gas  free  from  silex  by  heating  fluor  spar 
and  boracic  acid  in  an  iron  tube,  and  of  course 
obtained  the  fluoboracic  gas,  but  in  this  experi- 
ment the  gas  was  decomposed  by  potassium  as 
soon  as  formed.  The  result  was  a dark  brown 
combustible  mass,  affording  the  fluoric  and  bo- 
racic acids  after  combustion.  ? Hence  he  infers  it 
to  be  probably  a compound  of  the  two  bases  of 
these  acids,  or  rather  of  their  oxyds. 

The  general  inference  from  all  these  last  re- 
lated experiments  of  the  action  of  potassium  oil 
the  compound  fluoric  gasses,  certainly  gives  pro- 
bability to  theopinion  oftheexistence  of  a Fluoric 
Base,  or  Radical , but  this  base  has  never  been 
obtained  separate,  as  it  is  combined,  in  all  pro- 
bability, with  the  base  of  silex  in  one  instance, 
and  the  base  of  boracic  acid  in  the  other. 
Other  attempts  to  insulate  the  fluoric  acid  by 
distilling  fluor  spar  with  vitreous  phosphoric 
acid  have  equally  failed,  and  even  were  this 
difficulty  surmounted,  it  would  still  be  not  easy 
to  contrive  a mode  of  unexceptionable  analysis, 
owing  to  the  powerful  action  which  this  acid 
exerts  on  the  silex  which  enters  so  largely  into 
the  composition  of  every  kind  of  glass  vessel. 

Fluor  Spar  has  been  analyzed  both  by  Kla- 
proth and  Dr.  Thompson.  Dr.  T.  finds  no 
more  than  of  its  weight  of  water,  and  the 
ignited  spar  contains  about  67|<  per  cent  of  lime, 
and  32f  of  acid.  Klaproth’s  analysis  gives 
nearly  the  same  result- 
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GABBRONITE.  into  a white  opake  globule.  It  has  not  as  yefr 

The  colour  of  this  mineral  is  grey,  with  dif-  beerranalyzed,  but  as  far  as  may  be  judged  from 
ferent  shades  of  bluish  and  reddish.  It  occurs  external  characters,  is  but  little  different  from 
massive ; is  harder  than  glass,  but  does  not  compact  felspar. 

readily  give  sparks  with  steel.  It  is  translucent  It  has  hitherto  been  found  only  in  Norway, 
on  the  edges ; is  of  a very  compact  texture,  accompanied  by  octohedral  iron  ore,  red  com- 
and  when  broken,  exhibits  a splintery  fracture,  pact  felspar,  hornblende  and  talc. 

Before  the  blowpipe,  it  melts  with  difficulty 

* Phil.  Trans,  for  1809,  p.  85, 
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GALLIC  ACID. 

In  our  former  article  we  described  Scheele’s 
original  process  for  preparing  this  acid,  and 
also  Deyeux’s  method  by  sublimation.  Mr. 
Richter  has  given  a different  process,  by  which 
this  acid  is  prepared  in  very  considerable  purity. 
It  is  the  following.1  Make  a cold  infusion  of 
finely  powdered  gall-nuts  in  water,  frequently 
stirring  it,  then  strain  the  whole  through  a 
cloth,  and  press  the  residue  strongly  to  get  out 
the  whole  infusion.  Evaporate  the  liquor  to 
dryness  with  a very  gentle  heat,  which  will 
leave  a dark  brown  brittle  mass.  Reduce  this 
to  a fine  powder  and  digest  it  with  very  highly 
rectified  alcohol,  added  twice  successively.  The 
first  tincture  thus  prepared  will  have  a weak 
straw-colour ; the  second  will  be  nearly  colour- 
less. The  undissolved  part  is  tannin  almost 
pure.  Mix  both  the  spirituous  tinctures,  and 
distill  it  in  a retort  till  only  an  eighth  part  is 
left.  Add  water  to  the  residue  in  the  retort 
and  warm  it,  and  then  reduce  it  by  evaporation, 
and  small  white  crystals  will  separate,  as  long 
as  any  mother  liquor  remains.  These  crystals 
are  the  Gallic  Acid.  One  pound  of  galls  will 
give  about  half  an  ounce  of  these  crystals. 

This  acid  certainly  contains  a smaller  ad- 
mixture of  tannin  than  that  prepared  in  Scheele’s 
method  ; for  tannin  is  scarcely  at  all  soluble  in 
alcohol,  whereas  gallic  acid  is  highly  so,  but 
the  alcohol  here  employed  should  be  very  highly 
rectified.  This  acid  when  added  to  a perfectly 
clear  and  neutral  solution  of  sulphatof  iron  does 
not  produce  any  change  till  the  iron  has  ab- 
sorbed an  additional  portion  of  oxygen  from  the 
atmosphere.  In  this  respect  it  differs  from 
Scheele’s  acid,  or  from  the  simple  infusion  of 
galls,  which  immediately  gives  a purple  hue 
to  the  neutral  sulphat  of  iron.  Richter  there- 
fore supposes,  with  some  probability,  that  the 
tannin  in  this  case  unites  with  the  sulphuric 
acid,  and  detaches  a portion  of  oxyd  of  iron  to 
unite  with  the  gallic  acid. 

Bouillon  La  Grange  has  given  a valuable 
comparative  view  of  the  shades  of  difference 
in  these  acids,  with  some  remarks  on  the 
intimate  nature  of  gallic  acid.b  Berthollet 
having  proposed  the  oxyd  of  tin  as  a method 
of  freeing  the  common  browui  gallic  acid  from 
its  adhering  tannin  or  extract,  La  Grange  has 
examined  this  process,  and  finds  that  by  eva- 
porating a solution  of  this  brown  acid  in  contact 
with  a certain  quantity  of  the  oxyd  of  tin,  and 
then  again  diluting  with  water,  the  acid  still 
gave  a precipitate  with  animal  jelly,  though 
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slightly,  and  the  solution  when  crystallized 
furnished  a gallic  acid  of  greater  purity  than 
before.  But  on  repeating  the  process  with  a 
fresh  portion  of  the  oxyd  of  tin,  the  solution 
was  now  so  entirely  decomposed  as  to  be  clear 
and  colourless,  to  give  no  precipitate  either 
with  sulphat  of  iron  or  with  jelly,  and  to  yield 
no  crystallized  acid  on  evaporation.  * 

The  red  oxyd  of  mercury  when  long  boiled 
with  the  gallic  acid,  finally  decomposes  both 
the  pure  acid  as  well  as  the  tannin. 

Charcoal  recently  calcined,  when  boiled  with 
gallic  acid,  deprives  it  of  its  peculiar  taste, 
gives  it  a green  colour,  and  takes  away  its 
property  of  precipitating  jelly;  and  a greater 
proportion  of  charcoal  destroys  the  acid  alto- 
gether. 

All  these  experiments  shew  the  impossibility 
of  obtaining  gallic  acid  free  from  the  tannin 
except  by  sublimation,  but  it  remains  to  be 
shewn  whether  the  sublimed  acid  is  identical 
with  the  mere  acid  part  of  the  crystallized 
acid.  M.  La  Grange  has  contrasted  the  dif- 
ferences between  these  two  acids.  The  sub- 
limed acid,  he  observes,  has  less  acidity,  it  is 
decomposed  in  the  air,  it  has  no  action  on 
barytes,  or  carbonat  of  ammonia,  or  on  muriat 
of  tin ; the  precipitate  obtained  by  nitrat  of 
mercury  is  blackish  instead  of  being  yellow, 
and  that  by  acetite  of  lead  is  yellow  and  scanty, 
instead  of  being  white : oxymuriatic  acid  renders 
it  brown,  whereas  it  does  not  change  the 
colour  of  the  crystallized  acid.  The  sublimed 
acid  does  not  precipitate  animal  jelly. 

In  continuing  these  experiments  both  on  the 
acid  and  on  the  gall  nut  itself,  the  author 
uniformly  obtained  a quantity  of  acetous  acid 
by  the  distillation  of  all  these  varieties  of  gallic 
acid,  whence  he  is  led  to  the  conclusion  that 
the  acetous  acid  is  the  real  acid  basis  of  the 
gallic  acid,  as  well  of  most  other  supposed 
individual  vegetable  acids,  and  that  its  peculiar 
characters  are  masked  by  volatile  or  fixed  em- 
pyreumatic  oils,  by  tannin,  by  extract,  or  by 
other  vegetable  principles  with  which  it  is 
capable  of  entering  into  intimate  combination. 
GLAUBERITE. 

The  colour  of  this  mineral  is  wine  yellow 
of  greater  or  less  intensity : it  occurs  only 
crystallized,  in  the  form  of  an  oblique  prism 
with  rhombic  bases.  The  faces  of  the  base 
are  smooth  and  brilliant,  those  of  the  sides  are 
striated  parallel  to  the  edges  of  the  base.  It 
presents  natural  joints  in  two  directions,  namely 
parallel  to  the  base  (and  these  are  the1  easiest 
k Ann.  Clum.  tom.  60. 
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to  observe)  and  inclined  upon  the  former  at 
an  angle  of  104°.  : in  other  directions  the 
fracture  is  vitreous.  It  is  transparent,  in  hard- 
ness between  gypsum  and  calcareous  spar. 
Sp.  gr.  2.73. 

On  immersion  in  water  it  becomes  opake, 
and  is  the  only  mineral  exhibiting  this  character. 
Eefore  the  blowpipe  it  decrepitates,  and  then 
melts  into  a white  enamel.  It  is  in  part  soluble 
in  a moderate  quantity  of  water,  and  entirely 
in  a large  quantity  of  the  same  fluid.  It  appears 
to  contain  no  water  of  crystallization,  but  is 
composed  of 

49.  sulphate  of  lime 
5 1 . sulphate  of  soda 

100 


It  occurs  at  Ocagna,  in  New  Castille,  disse- 
minated in  rock  salt,  and  was  first  discovered 
by  M.  Brongniart.  ( Journ.  de  Mines,)  xxiii. 
page  5. 

F GOLD. 

A remarkable  difficulty  attends  the  analysis 
of  the  salts  and  oxyds  of  gold,  which  has  not 
yet  been  got  over  in  a satisfactory  way,  though 
several  apparently  accurate  series  of  experiments 
have  been  undertaken  on  this  subject,  par- 
ticularly of  late  by  several  French  chemists, 
now  that  an  attempt  has  been  made  to  restore 
gold  to  its  ancient  place  as  an  important 
article  of  the  materia  medica. 

Two  difficulties  oppose  the  accurate  esti- 
mation of  the  proportion  of  oxygen  with  which 
gold  unites  in  its  salifiable  compounds : one 
of  them  is  that  no  alkali  or  single  base  will 
precipitate  the  whole  of  the  oxyd  of  gold  in  a 
given  portion  of  its  muriatic  solution,  and  hence 
the  usual  way  of  dissolving  a given  portion  of 
any  metal,  and  of  finding  the  quantity  of  oxygen 
in  its  oxyd  by  the  encrease  of  weight  in  the 
total  precipitate  over  that  of  the  metal  em- 
ployed, cannot  be  used  with  the  salts  of  gold  : 
the  other  difficulty  is  the  readiness  with  which 
the  oxyds  of  gold  return,  either  totally  or 
partially,  to  the  metallic  state,  so  that  of  any 
given  portion  of  precipitated  oxyd,  one  part 
will  often  become  reguline  in  the  common  way 
of  drying,  and  thus  defeat  the  purpose  of  ana- 
lysis. To  these  difficulties  may  be  added  that 
of  the  solubility  of  the  simple  oxyd  of  gold  in 
water,  so  as  to  render  edulcoration  an  uncertain 
operation,  and  one  attended  with  loss. 

We  shall  add  a few  particulars  concerning 


the  salts  and  compounds  of  gold  from  Proust,* 
Vauquelin,6  Duportalc  and  Oberkampf.d 

The  most  powerful  aqua-regia  for  dissolving 
gold,  according  to  Vauquelin,  is  composed  of 
two  parts  of  muriatic  acid  to  one  of  nitric 
acid,  both  concentrated,  and  this  nitro-muriatic 
acid  will  dissolve  by  boiling  about  a third  of  its 
weight  of  pure  gold.  Proust  employs  a greater 
proportion  of  muriatic  acid.  When  the  acid 
has  dissolved  as  much  gold  as  it  will  take  up, 
the  solution  is  still  very  acid.  If  it  is  evaporated 
sufficiently,  it  yields  yellow  prismatic  crystals 
of  muriat  of  gold,  particularly  if  an  excess  of 
gold  be  kept  in  the  liquor.  This  muriat  i$ 
highly  deliquescent,  becoming  fluid  in  a warm 
day  and  solid  again  in  a cold  one.  The  taste 
is  acerb  and  bitter.  When  moderately  heated, 
oxymuriatic  acid  is  given  out,  and  the  gold 
remains  in  the  metallic  state,  but  spungy,  and 
without  lustre.  A part  however  of  the  gold  is 
volatilized  with  the  acid. 

The  action  of  potash  on  the  solution  of  gold 
in  nitro-muriatic  acid  has  been  examined  with 
peculiar  attention.  When  caustic  potash  is 
added  to  the  solution  in  the  cold,  it  becomes 
of  a deep  red,  but  no  turbidness  whatever 
ensues,  even  on  keeping  it  for  a length  of  time. 
But  if  after  the  solution  is  saturated  with 
potash  it  is  heated  to  boiling,  a bulky  red 
flocculent  precipitate  falls  down.  The  super- 
natant liquor  is  then  colourless,  but  if  it  is 
again  supersaturated  with  muriatic  acid  it  re- 
sumes its  original  yellow  colour  and  will  still 
give  a copious  precipitate  of  gold  on  adding 
tin,  or  sulphat  of  iron.  Potash  therefore  will 
not  separate  the  whole  of  the  gold,  nor  probably 
much  more  than  half  of  it,  as  it  was  found  that 
72  grains  of  gold  in  solution  only  yielded  40  of 
the  oxyd  by  adding  potash.  The  reason  of 
this  imperfect  separation  appears  to  be  the 
great  tendency  of  muriat  of  gold  to  form  a 
triple  salt  with  muriat  of  potash,  (and  it  is  the 
same  with  the  other  alkaline  or  earthy  muriats) 
which  triple  salt  is  very  soluble,  and  not  further 
decomposable  by  any  excess  of  alkali,  when 
the  metallic  salt  does  not  exceed  a certain 
proportion  of  the  whole.  For  this  reason  too, 
the  quantity  of  precipitate  obtainable  by  potash 
is  in  a reverse  proportion  to  that  of  acid  present, 
so  that  where  the  acid  is  in  great  excess,  no 
separation  will  take  place  on  adding  any  quan- 
tity of  potash,  as  the  muriat  of  potash  will 
then  be  sufficient  to  hold  all  the  muriat  of 
gold  in  triple  combination. 


* Journ.  de  Phys.  tom,  62,  or  Phil.  Journ.  vol.  14.  b Ann.  Chim.  tom.  77. 
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If  the  precipitate  by  potash  is  washed  and 
dried  in  the  gentlest  heat,  it  is  not  however  an 
uniform  oxyd  of  gold,  as  might  be  expected, 
but  a portion  returns  to  the  metallic  state,  so 
that  the  powder  is  a mixture  of  reduced  gold 
and  of  its  oxyd.  These  however  may  be  sepa- 
rated by  pure  muriatic  acid,  which  dissolves 
out  the  oxyd  and  leaves  the  reguline  part 
untouched.  The  precipitate  from  the  muriat 
of  gold,  by  potash  either  caustic  or  carbonated, 
appears  also  by  Vauquelin’s  experiments  to 
carry  down  with  it  a portion  of  muriatic  acid, 
since  the  washings  long  continue  to  curdle 
nitrat  of  silver.  The  oxyd  itself  indeed  is  also 
slightly  soluble  in  hot  water  even  when  all  the 
muriatic  acid  is  washed  out,  so  that  by  a 
succession  of  edulcorations  by  far  the  greater 
part  of  the  entire  precipitate  may  be  washed 
away.  No  carbonic  acid  appears  to  enter  this 
precipitate  though  a carbonated  alkali  be  em- 
ployed. 

The  clear  liquor  remaining  after  the  sepa- 
ration of  the  oxyd  of  gold  from  its  muriatic 
solution  by  potash,  becomes  yellow  on  satu- 
ration of  the  alkali  by  the  same  acid,  and  shews 
the  presence  of  gold  by  adding  sulphat  of  iron 
or  tin.  When  slowly  evaporated  it  yields 
crystals  of  simple  muriat  of  potash,  (shewn  to 
contain  no  gold  by  not  turning  vellow  with 
muriatic  acid)  and  the  triple  muriat  of  potash 
and  gold  above  mentioned.  If  carbonated 
potash  was  used  to  precipitate  the  oxyd,  some 
crystals  of  this  salt  also  are  formed. 

Vauquelin  relates  that  the  Paris  jewellers 
were  ignorant  of  the  fact  that  alkalies  will  not 
precipitate  the  whole  of  the  gold  from  its 
solution,  and  therefore  were  in  the  habit  of 
incurring  a very  great  loss  of  this  precious 
metal  by  taking  no  care  of  the  washings  when 
this  mode  of  employing  gold  was  used. 

Oxyd  of  Gold.  Mr.  Oberkampf  endea- 
voured to  ascertain  the  proportions  of  the  dark 
brown  oxyd  separated  by  potash  from  the 
muriatic  solution,  by  enclosing  a portion  of  it, 
still  wet,  in  a bent  glass  tube  closed  at  one 
end,  heating  it  till  the  whole  was  reduced,  and 
estimating  all  the  products.  The  oxyd  was 
not  dried,  to  avoid  the  partial  reduction  that 
takes  place,  and  it  was  totally  soluble  in 
muriatic  acid,  and  therefore  unmixed  with  any 
reguline  gold.  The  results  of  three  experiments 
gave  100.  of  metai  with  9.82,  with  10.21, 
and  10. 6 oxygen.  The  mean  of  the  three  is 
10.01  oxygen,  which  would  make  100  parts  of 
tjie  oxyd  to  consist  of  90.9  gold,  and  9.1 


oxygen,  but  the  difference  between  the  highest 
and  lowest  estimation  being  nearly  a tenth, 
this  can  only  be  considered  as  a tolerable  ap- 
proximation to  accuracy. 

It  is  highly  probable  that  this  is  the  peroxyd 
of  gold,  and  if  there  is  any  lower  state  of 
oxygenation  it  must  be  looked  for  in  the  purple 
powder  to  which  gold  is  reduced  by  combustion, 
either  by  means  of  a powerful  electric  or  gal- 
vanic apparatus,  as  described  in  our  former 
article. 

Professor  Berzelius,  whose  authority  must 
always  carry  much  weight,  has  given  a some- 
what different  view  of  the  oxydation  of  gold, 
but  at  present  we  only  have  a short  extract  of 
his  experiments.6  He  observes  that  the  muriat 
of  gold  has  two  degrees  of  saturation.  With 
excess  of  acid  it  forms  yellow  needled  crystals, 
and  the  base  of  this  is  the  peroxyd  of  12.077 
oxygen  to  100  of  metal.  When  this  is  per- 
fectly neutral  it  is  of  a deep  orange  colour.  If 
this  latter  salt  is  heated  till  it  no  longer  gives 
out  oxymuriatic  gas,  a saline  mass  insoluble  in 
water  is  left,  which  is  a muriated  suboxyd  of 
gold,  and  when  decomposed  by  potash  gives  a 
green  suboxyd  containing  only  4.026  of  oxygen 
to  100.  of  metal.  This  suboxyd  however 
exists  but  a few  moments  as  such,  being 
speedily  reduced  to  metallic  gold  and  peroxyd. 
As  this  proportion  of  oxygen  is  only  a third  of 
that  of  the  suboxyd,  the  author  conjectures 
that  an  intermediate  definite  oxyd  must  exist, 
which  possibly  may  be  the  purple  powder  of 
Cassius,  or  the  purple  oxyd  formed  on  many 
occasions  with  the  salts  of  gold  and  animal  or 
vegetable  matters.  As  no  particulars  of  the 
experiments  are  given,  we  are  unable  to  state 
the  many  difficulties  which  immediately  occur 
with  regard  to  these  positions. 

Purple  precipitate  of  Cassius.  The  mode 
of  preparing  this  very  singular  compound  has 
been  amply  described  in  our  original  article, 
but  we  shall  add  some  very  ingenious  con- 
jectures of  Proust  on  the  nature  of  this  com- 
pound. It  is  prepared,  as  is  well  known,  either 
by  adding  a so  ution  of  muriated  suboxyd  of 
tin  to  the  muriat  of  gold,  or  by  immersing  in 
the  solution  of  gold  some  pieces  of  metallic  tin. 
When  this  powder  is  digested  in  nitro-muriatic 
acid,  it  loses  its  colour,  gives  a yellow  solution 
of  gold,  and  leaves  a heavy  sandy  transparent 
peroxyd  of  tin.  Muriatic  acid  assisted  by  heat 
has  the  same  effect.  Hence  one  of  the  com- 
ponent parts  of  this  powder  is  peroxyd  of  tin. 
The  other  is  gold,  but  it  has  been  doubted 


* Ann  Cliim.  tom.  83.  p.  1C6,  being  an  extract  from  a memoir  given  to  the  Stockholm  Academy. 
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whether,  besides  metallic  gold,  any  portion  of 
it  is  in  the  state  of  oxyd.  Tint  the’oxyds  of 
tin  and  gold  are  united  by  some  kind  of 
affinity,  and  not  merely  mechanically  mixed 
seems  proved  by  the  following  facts  : the  purple 
powder  is  perfectly  soluble  in  liquid  ammonia, 
forming  a vivid  purple  liquor;  but  the  metallic 
precipitates  of  gold  are  not  so  soluble  in  am- 
monia, and  the  oxyd  of  tin  is  but  imperfectly 
so : also  mercury,  which  so  readily  takes  gold 
from  most  other  combinations,  has  no  effect  on 
the  purple  powder  though  shaken  with  it. 
A hundred  grains  of  the  purple  po,wder  digested 
with  weak  aqua  regia,  gave,  by  Proust’s  ex- 
periments, a solution  of  gold,  from  which 
sulphat  of  iron  separated  2d  grains  of  metallic 
gold.  The  remaining  peroxyd  of  tin  weighed 
70  grains,  and  hence  (j  grains  of  the  peroxyd 
must  have  been  dissolved  in  the  acid  along 
with  the  gold.  Therefore  the  gold  in  this 
preparation  unites  with  about  three  times  its 
weight  of  oxvd  of  tin.  By  the  experiments  of 
Duportal  it  appears  that  the  degree  of  dilution 


much  influences  the  quantity  of  this  precipitate, 
so  that  when  a very  weak  solution  of  gold  and 
of  muriat  of  tin  are  employed,  one  part  of  gold 
will  produce  as  much  as  5|-  parts  of  the  purple 
precipitate. 

The  sulphated  suboxyd  of  tin  will  also 
produce  the  purple  precipitate  with  the  solution 
of  gold. 

GREEN-EARTH. 

There  have  been  two  recent  analyses  of  this 
substance,  one  by  Klaproth  and  the  other  by 
Vauqueiin,  the  results  of  which  are  as  follows. 
K.  V. 

53.  — 52.  silex 

2.  — 6.  magnesia 

28.  — 23.  oxide  of  iron 

10.  — 7.5  potash 
0.  — 7.  alumine 
6.  — 4.  water 


99.  — 99.5 
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HARMOTOME.  Kreuzsteia,  W.  Cross 
stone,  Jam. 

The  colour  of  this  mineral  is  white,  semi- 
transparent, with  a shining  lustre  between  vi- 
treous and  pearly.  It  occurs  only  crystallized, 
in  broad  tetrahedrons  with  rhombic  pyramidal 
terminations,  hence  the  entire  crystal  may  be 
considered  as  a dodecahedron.  The  crystals 
are  either  single  or  cruciformiy  aggregated,  in- 
tersecting each  other  at  right  angles,  so  that  the 
axes  of  the  two  crystals  coincide.  Its  hardness 
is  somewhat  superior  to  that  of  glass  : its  frac- 
ture at  right  angles  to  the  axis  of  the  crystal  is 
uneven  .and  small  conchoidal,  in  other  direc- 
tions it  is  foliated.  Sp.  gr.  2.  3.  Becomes 
phosphorescent  by  beat,  giving  out  a greenish 
yellow  light.  Intumesces  before  the  blowpipe. 

The  cruciform  variety  has  been  analysed  by 
Klaproth,  and  the  single  crystals  by  Tassaert, 
with  the  following  results. 


K. 

T. 

49. 

— 

47.5  Silex 

18. 

— 

16.  Barytes 

16. 

— 

19.5  Alumine 

15. 

— 

Ij3.5  Water 

98. 

96.5 

'pie  cruciform  variety  occurs  in  miueral  veins 


at  Andreasberg  in  the  Hartz,  and  at  Strontiau 
in  Argyleshire ; the  single  octohedrons  have 
only  been  observed  lining  agate  balls  at  Obers- 
tein. 

The  only  mineral  likely  to  be  mistaken  for 
Harmotome  is  Jargoon  in  small  dodecahedral 
crystals ; the  latter  however  is  infusible  before 
the  blowpipe  and  possesses  a specific  gravity 
nearly  twice  as  great  as  the  former. 

HYALITE.  “ Muller  glas. 

This  substance  bears  a perfect  resemblance 
in  its  external  appearance  to  gum  Arabic.  Its 
colour  is  greyish  white  or  yellow,  between 
translucent  and  transparent,  with  a vitreous 
lustre.  It  is  harder  than  glass,  breaks  easily 
and  with  a flat  conchoidal  fracture.  It  occurs 
lining  cavities  and  forming  irregular  botryoidal 
concretions  in  Wakke  at  Frankfort  on  the  Mayn. 
It  appears  to  be  nearly  allied  to  semi-opal. 

LIYDRARGILLITE.  See  Wavellite. 

HYDROSULPHURET.  See  Sulphur- 
etted Hydrogen. 

IdYPERSTENE. 

The  mineral  designated  by  this  name  in  the 
Tableau  Comparatif  of  Hauy  is  the  Labrador 
Hornblende  of  the  German  and  English  mi- 
neralogists. Its  external  characters  will  be  found 
on  referring  to  the  article  Hornblende  in  the 
Dictionary;  the  crystallographicai  characters 
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Which  have  induced  M.  Hauy  to  form  of  it  a 
separate  species  are  the  following. 

Primitive  form,  a rhomboidal  prism  the  al- 
ternate angles  of  which  are  100°  and  80°;  with 
distinct  joints  in  the  direction  of  the  short  di- 
agonal, and  w'ith  others  less  distinct  in  the 
direction  of  the  long  diagonal.  Sp.  gr.  3.4.  Its 
component  ingredients,  according  to  Klaproth, 
are 

I 

ICHTHYOPHTHALMITE.  Fischaugen- 
stein,  VV.  Apophyllite,  H. 

The  colour  of  this  mineral  is  very  pale  yel- 
lowish, redish  or  greenish,  more  or  less  trans- 
parent, and  with  a shining  pearly  lustre.  It 
occurs  massive,  with  a foliated  structure,  or  crys- 
tallized in  rectangular  paralielopipeds  approach- 
ing to  the  form  of  a cube  or  of  a table,  in  the 
latter  case  the  edges  are  irregularly  bevilled  and 
more  or  fewer  of  the  solid  angles  are  replaced. 
T he  cross- fracture  is  fine-grained  uneven,  the 
longitudinal  is  perfectly  foliated.  It  has  natural 
joints  in  three  directions  at  right  angles  to  each 
other,  but  of  these  only  one  is  visible  with- 
out the  assistance  of  a strong  light.  Its  hard- 
ness is  a little  superior  to  that  of  fluor  spar,  and 
it  is  very  easily  frangible.  Sp.  gr.  2.40. 

When  exposed  to  the  flame  of  a candle  it 
exfoliates  ; before  the  blowpipe  it  is  fusible  with 
difficulty  into  a white  enamel  ; by  digestion  in 
cold  nitric  acid  it  breaks  down  forming  a kind 
of  jelly.  It  has  been  analyzed  by  Vauquelin 
and  Rose  with  th.e  following  results. 


V. 

R. 

51. 

— 

55.  Silex 

28. 

— ■ 

25.  Lime 

4. 

— 

2.25  Potash 

17. 

— 

15.  Water 

100. 

97.25 

It  occurs  at  Hcllesta  in  Sweden. 

IOLITE.  Dichroite  IT. 

The  colour  of  this  mineral,  -when  viewed  by 
transmitted  light  in  a direction  parallel  to  the 
axis  of  the  crystal,  is  an  intense  Prussian  blue, 
and  when  viewed  in  the  opposite  direction  is 
brownish  yellow.  It  occurs  in  irregular  ag- 
gregated grains,  or  crystallized  in  regular  hexa- 
hedral  prisms  (its  primitive  form)  or  in  dode- 
cahedrons. Its  hardness  is  a little  greater  than 
that  of  quartz  ; and  it  breaks  easily,  with  a 
shining  conchoidal  fracture,  passing  into  imper- 
fectly lamellar.  The  crystals  are  usually  trans- 
lucent, the  graips  opake.  Sp.  gr.  2.50. 

VOL.  III. 
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Silex 

TL 

Magnesia 

2.25 

Alumine 

1.5 

Lime 

21.5 

Oxyde  of  iron 

1. 

Water 

97.50 

J 

It  melts  with  difficulty  before  the  blowpipe 
into  a very  pale  greenish  grey  enamel.  It  has 
not  as  yet  been  analyzed. 

It  has  been  found  only  at  Cape  de  Gattes, 
imbedded  in  a peculiar  kind  of  conglomerate. 

IODINE.. — See  the  addendum  to  this  ap- 
pendix. 

IRON.  § I.  Ores  of. 

An  interesting  examination  of  the  brown  and 
ochreous  ores  of  iron  has  been  published  by 
M.  Daubuisson  (Jour,  des  Mines,  xxviii.  p. 
443),  from  which  it  appears  that  these  ores, 
which  by  mineralogical  writers  have  been  di- 
vided into  several  species  wholly  unconnected 
with  each  other,  are  in  fact  so  closely  related 
as  to  constitute  a single  species.  The  essential 
component  ingredients  of  all  the  varieties  of 
this  species  arc,  per-oxyd  of  iron  and  water,  in 
the  proportion  of  about  85  of  the  former  to  15 
of  the  latter.  When  scraped  or  pulverized 
they  are  of  a brownish-yellow  colour,  which 
changes  to  red  or  redish-black  by  calcination. 
They  contain  casual  and  variable  proportions, 
but  upon  the  whole  very  small,  of  oxyd  of  man- 
ganese, carbonate  and  phosphate  of  iron,  and 
silex  and  alumine. 

The  name  given  to  this  species  is  Hydrate, 
of  Iron,  it  being  the  only  one  of  the  ores  of 
this  metal  into  which  water  enters  as  a constituent 
part.  Its  varieties  are  the  following. 

Var.  1.  Brown  Haematite. 

External  form  botryoidal  or  mammillated  ; 
colour  chesnut-brown  ; texture  fibrous  ; yields 
to  the  knife;  sp.  gr.  3.0 — 4.0. 

Composed  of  79.  to  82.  Peroxyd  of  Iron 
15.  — 14.  Water 

2.  — 2.  Oxyd  of  Manganese 

3. —  I.  Silex 


99.  — 99. 

Var.  2.  Compact  brown  ironstone. 
Amorphous;  colour  dark  brown;  fracture 
compact  and  even,  often  presenting  small  cavi- 
ties ; rather  harder  than  var.  1.  Sp.  gr.  3.7. 
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Composed  of  81.  to  69.  Peroxyd  of  Iron 
11.  — 13.  Water 

1.  — 3.  Oxyd  of  Manganese 

2.  — 10.  Silex 

0.  — 3.  Alumine 


98.  — 98. 


Var.  3.  Writes. 

In  concentric  lamellar  concretions  from  an 
inch  to  a foot  or  more  in  diameter ; the  exter- 
nal laminae  compact  and  moderately  hard,  but 
becoming  softer  as  they  approach  the  nucleus, 
which  latter  is  often  friable  or  loose  ochre. 
Composed  of  76.  to  78.  Peroxyd  of  Iron 
14.  — 13.  Water 
2.  — 0.  Oxyd  of  Manganese 

5.  — 7.  Silex 
0.  — 1.  Alumine 


97.  — 99. 


Var.  4.  Pea  ore. 

In  grains  or  globular  concentric  concretions  ; 
yields  to  the  knife.  Sp.  gr.  3.4. 

Composed  of  70.  to  73.  Peroxyd  of  Iron 
15.  — - 14.  Water 
0. — 1.  Oxyd  of  Manganese 

6.  — 9.  Silex 

7.  — 0.  Alumine 


98.  — 97. 


Var.  5.  Ochre 

Amorphous ; colour  yellowish  brown  ; frac- 
ture earthy,  soft  or  friable. 

Composed  of  83.  Peroxyd  of  Iron 
12.  Water 
5.  Silex 


IOO. 


Var.  G.  Bog  ore. 

Amorphous,  more  or  less  cellular,  the  cells 
often  lined  with  blue  phosphate  of  iron  colour 
blackish  brown ; fracture  uneven,  passing  into 
flat  conchoidal ; lustre  resinous. 

Composed  of  61.  Peroxyd  of  Iron 

19-.  Water 

7.  Oxyd  of  Manganese 

*•  6.  Silex 

2.  Alumine 

2.5  Phosphoric  acid 

97.5 


That  variety  of  iron  pyrites,  usually  called  the 
radiated,  has  of  late  been  formed  by  Hauy  into 
a distinct  species,  by  the  name  of  “ Fer  sul- 
phure  blanc,”  a White  Pyrites. 

Its  general  colour  is  considerably  lighter  than 
that  of  the  common  pyrites,  being,  when  fresh 
and  undecomposed,  a perfect  tin  white,  passing 
by  decomposition  into  brass  yellow  and  steel 
grey.  Its  primitive  form  is  a rhomboidal  prism, 
the  alternate  angles  of  which  are  106°.  36’ and 
73°.  24';  its  usual  form  however  is  the  octohe- 
dron  variously  modified.  It  occurs  in  small 
crystals,  but  more  usually  in  various  particular 
shapes,  such  as  reniform,  stalactitic,  &c.  It 
gives  fire  with  steel.  Sp.  gr.  4.75. 

Before  the  blowpipe  it  gives  out  a light 
vapour  with  a sulphureous  odour,  and  is  after- 
wards attracted  by  the  magnet ; characters  that 
distinguish  it  from  arsenical  pyrites,  to  which 
in  colour  and  crystalline  form  it  bears  a great  re- 
semblance. It  decomposes  much  easier  than 
common  pyrites  into  sulphate  of  iron. 

§ 2.  Analysis  of  Iron  and  its  Ores. 

Some  important  recent  discoveries  on  this 
head  deserve  here  to  be  mentioned. 

Separation  of  Iron  and  Manganese. 

Various  methods  of  separating  the  mixed 
oxyds  of  these  two  metals  have  already  been 
detailed  in  the  articles  Ikon  and  Manganese,. 
of  the  Dictionary : to  these  however  may  still 
be  added  the  two  following.  It  has  been  found 
by  Berzelius  and  Hisinger,a  that  benzoate  of 
ammonia  is  equally  efficacious  with  succinate  of 
ammonia  in  separating  iron  from  manganese. 
Benzoate  of  ammonia  is  prepared  by  neutra- 
lizing liquid  ammonia  with  pure  sublimed  ben- 
zoic acid,  and  afterwards  evaporating  the  liquor; 
during  this  last  process,  the  salt  will  become  aci- 
dulous, and  in  this  state  it  is  to  be  used,  with 
the  following  precautions.  The  solution  con- 
taining the  mixed  oxyds  (the  iron  being  in  the 
state  of  peroxyd),  is  to  be  very  accurately  neu- 
tralized with  ammonia,  and  to  be  considerably 
diluted ; the  benzoate  is  then  to  be  added  drop 
by  drop,  as  long  as  any  precipitate  falls  down  ; 
the  whole  being  now  thrown  on  the  filter,  a 
bulky  pale  redish-yellow  mass  is  obtained  : this, 
after  repeated  edulcoration  with  cold  water  (for 
in  hot  water  it  is  more  or  less  soluble)  is  to  be 
dried  at  the  temperature  of  boiling  water,  and 
is  then  pure  benzoate  of  iron,  containing  25  per 
cent,  of  red  oxyd.  If  it  is  an  object  to  save  the 
benzoic  acid,  the  metallic  salt  may  be  digested 
in  liquid  ammonia  for  some  hours,  by  which 
it  will  be  entirely  decomposed;  the  alkaline 


* Journ.  des  Mines  xxx.  p.  241,  * Stockholm  Trans,  or  Phil.  Mag.  for  J8J2,. 
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benzoate  being  contained  in  the  solution,  and  the 
red  oxyd  of  iron  subsiding  to  the  bottom  of  the 
vessel. 

The  method  at  present  relied  on  by  Vauque- 
lin,c  as  the  most  simple,  and  at  the  same  time 
the  most  exact,  is  to  digest  the  mixed  oxyds  in 
sulphuric  acid,  to  evaporate  the  mass  to  dry- 
ness, and  then  to  calcine  it  at  a low  heat,  in 
order  to  decompose  the  sulphate  of  iron  ; the 
residue  being  now  carefully  washed  with  warm 
water,  the  whole  of  the  sulphate  of  manganese 
in  a state  of  perfect  purity  is  taken  up.  From 
this  solution  the  manganese  is  obtained  in  the 
state  of  oxyd,  by  means  of  carbonate  of  soda 
and  subsequent  calcination. 

Separation  of  Manganese  and  Magnesia. 

This  is  another  of  the  practical  difficulties  in 
the  analysis  of  the  ores  of  iron.  One  way  of 
effecting  the  separation  of  these  substances  is 
the  following. 

Having  by  means  of  caustic  fixed  alkali  got 
rid  of  the  silex  and  alumine,  the  residue  inso- 
luble in  that  menstruum  is  to  be  dissolved  in 
sulphuric  acid,  and  largely  diluted  ; to  this  is 
to  be  added  a solution  of  super-carbonated  pot- 
ash as  long  as  any  precipitate  is  formed.  The 
precipitate  consists  of  the  metallic  oxides,  and 
the  clear  solution  retains  the  lime  and  magnesia. 
This  latter  being  then  boiled,  the  sub-carbonates 
of  the  earths  are  deposited,  and  may  be  sepa- 
rated by  the  usual  methods  : their  purity  from 
iron  or  manganese  is  evinced  by  their  retaining 
a white  colour  after  calcination.  Another  me- 
thod, recommended  by  Vauquelin,  is  to  dissolve 
the  mixed  carbonates  of  manganese  and  of  mag- 
nesia in  acetic  acid,  and  then  to  add  hydrosul- 
phuret  of  ammonia,  which  throws  down  the 
manganese,  but  has  no  such  effect  on  the 
magnesia. 

Hisinger’s  method  is  to  calcine  the  mixed 
carbonates  in  order  to  separate  the  carbonic 
acid,  to  treat  the  residue  by  dilute  sulphuric  acid, 
which  will  dissolve  the  whole  of  the  magnesia, 
and  only  part  of  the  manganese  ; and  then  to  add 
to  the  solution  prussiate  of  potash,  which  will 
leave  all  th£  magnesia  in  the  liquor,  and  separate 
only  the  manganese;  after  which  the  magnesia 
may  be  recovered  by  caustic  potash. 

It  appears  from  a recent  examination  by  Vau- 
quelin,d of  certain  bog-iron-ores,  that  besides 
the  usual  earths  and  iron  and  manganese,  they 
contain  phosphoric  acid  and  oxyd  of  chrome. 
Thus  the  analysis  is  complicated  by  the  addition 
of  two  more  subst  .nces,  and  the  practical  dif- 
ficulties of  separating  accurately  all  the  ingre- 

• Journ.  lies  Mines  xxvii.  49S. 


dients,  ate  such  as  appear  almost  to  have  eluded 
the  skill  and  resources  of  this  truly  eminent 
chemist.  The  following  were  the  processes 
employed  by  him  in  the  resolution  of  this 
problem. 

The  ore,  previously  pulverized,  was  fused 
with  caustic  potash  and  then  digested  in  water, 
to  which  it  communicated  an  intensely  green 
colour.  The  portion  insoluble  in  water  was  a 
second  time  treated  with  potash,  and  again 
digested  in  Water.  The  two  aqueous  or  rather 
alkaline  solutions  were  added  together  and  boiled, 
the  green  colour  disappeared,  and  a brown  pre- 
cipitate Was  obtained,  consisting  of  oxyd  of  man- 
ganese mixed  with  a little  silex  and  oxyd  of  iron. 

The  solution,  after  separation  of  the  manga- 
nese, was  of  a pale  yellow  colour  indicating  the 
presence  of  chrome  ; acordingly  it  was  saturated 
with  nitric  acid,  and  a solution  of  nitrate  of  mer- 
cury made  in  the  cold,  was  dropped  in  ; a white 
precipitate  was  thus  obtained,  which  on  examU 
nation  proved  to  be  phosphate  of  mercury.  The 
yellow  colour  of  the  solution  having  disappeared, 
and  containing,  on  examination,  an  excess  of 
acid,  a few  drops  of  caustic  potash  were  added, 
which  threw  down  a brownish  red  precipitate, 
consisting  of  chromate  of  mercury  with  a little 
phosphate.  Into  the  solution,  which  was  still 
acid,  was  dropped  a little  nitrate  of  silver,  and 
immediately  an  orange  coloured  precipitate  sub- 
sided, which  did  not  give  a green  colour  with 
borax,  and  was  phosphate  of  silver.  Potash  was 
again  added  to  the  liquor,  and  occasioned  a 
very  voluminous  lemon-yellow  flocculent  preci- 
pitate, which  by  drying  acquired  a green  colour, 
and  on  examination  proved  to  be  chromate  of 
mercury,  containing  silver  and  a little  alumine 
and  silex. 

A somewhat  different  method  was  followed 
by  the  same  chemist  in  his  examination  of  the 
scoriae  produced  in  the  fusion  of  the  ore,  which 
was  the  subject  of  the  preceding  analysis.  The 
scoria  was  twice  fused  with  an  equal  weight  of 
caustic  potash,  and  the  portion  thus  rendered 
soluble  in  water,  afforded  a deep  green  solution, 
from  which  by  boiling,  the  manganese  was 
separated  in  the  form  of  a brown  oxyd.  To 
the  solution  was  now  added  nitrate  of  ammonia, 
which  threw  down  a mixture  of  silex  and  alu- 
mine. The  residual  liquor  was  now  slightly 
supersaturated  with  nitric  acid,  and  boiled  for  a 
quarter  of  an  hour,  in  order  to  separate  entirely 
the  carbonic  acid.  Lime  water  was  then  added, 
and  a very  pale  yellow  precipitate  was  deposited, 
which  became  green  in  drying,  and  on  exami- 
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nation  proved  to  be  phosphate  of  lime,  with  a 
little  chromate.  Fresh  nitrate  of  mercury  was 
now  poured  in,  and  a brownish  yellow  precipi- 
tate fell  down,  which  proved  to  be  chromate  of 
mercury  with  excess  of  base. 

§ 3.  Reduction  of  Ores. 

One  of  the  most  important  and  successful 
enquiries  on  this  head  is  the  controversy  that 
has  arisen  in  France  relative  to  the  analysis  and 
the  general  treatment  of  spathose  iron  ; an  ore 
which  does  not  occur  in  this  country  in  sufficient 
abundance  to  be  made  use  of,  but  from  which 
the  celebrated  irons  of  Styria  and  of  the  Tyrol, 
as  well  as  those  of  various  parts  in  the  South  of 
France,  are  entirely  procured.  The  principal 
papers  relative  to  this  controversy,  are  contained 
in  the  Annales  de  Chimie,  vols.  lvi.  Ivii.  lviii. 
Ixii,  and  in  the  Journal  des  Mines,  vol.  xix. 
From  these  it  appears  that  besides  the  carbonate 
of  iron,  which  composes  by  far  the  greatest  pro- 
portion of  the  ore  in  question,  there  is  contained 
in  it  magnesia,  varying  in  quantity  from  the 
smallest  perceptible  portion  to  nearly  14  per 
cent.;  also  the  carbonates  of  manganese  and  of 
lime.  The  superintendents  of  the  iron  forges, 
where  this  kind  of  ore  h manufactured,  led  by 
experience  independently  of  any  theory,  have 
long  been  in  the  habit  of  sorting  it  into  fusible 
and  refractory  ore.  Of  these  the  former  may 
be  made  use  of  fresh  from  the  mine,  whereas 
the  other  is  in  its  recent  state  excessively  refrac- 
tory, and  requires  exposure  to  the  air  for  a 
space  of  from  one  to  twenty  years  before  it  can 
be  advantageously  employed. 

M.  Descotils,  who  appears  to  have  prose- 
cuted this  interesting  enquiry  with  the  most 
success,  conceived  that  the  difference  between 
the  two  varieties,  was  principally,  if  not  entirely 
owing  to  the  magnesia.  For  this  purpose  he 
selected  two  varieties,  one  of  which  contained  a 
considerable  and  the  other  only  a very  minute 
proportion  of  magnesia : from  each  of  these  he 
detached  a portion,  and  subjected  both  to  an 
assay  at  the  same  time,  and  in  the  same  furnace. 
The  former  afforded  a mass  of  minute  metallic 
grains,  which  had  not  run  together  in  conse- 
quence of  the  non-vitrification  of  the  scoria;  the 
latter  on  the  contrary  gave  a perfectly  formed 
and  well  melted  button  of  metal.  The  result 
however  was  not  quite  conclusive,  because  this 
last  variety  contained  a considerable  quantity 
of  manganese,  to  which  its  fusibility  might  be 
ascribed,  another  portion  therefore  of  the  same 
ore  was  freed  from  its  manganese,  and  being 
submitted  to  the  assay,  yielded  as  perfect  a but- 


ton as  the  other ; the  only  difference  between 
them  being  that  the  former  afforded  a white  and 
the  latter  a grey  metal. 

In  a subsequent  memoir  on  the  same  subject, 
M.  Descotils  pursues  his  researches  into  the 
power  of  magnesia  to  render  refractory  the  most 
fusible  ores  of  iron.  A portion  of  the  iron  ore 
of  Elba  was  submitted  without  any  flux  to  a 
strong  heat,  and  afforded  a perfect  button,  while 
100  parts  of  the  same  specimen,  to  which  15 
parts  of  magnesia  had  been  added,  gave  a pre- 
cisely similar  result  to  the  assay  of  magnesian 
spathose  iron.  He  also  examined  a specimen  of 
refractory  spathose  iron,  and  found  it  to  contain 
4 per  cent,  of  magnesia,  and  on  comparing  it 
with  specimens  of  the  same  ore  that  had  become 
fusible  by  exposure  to  the  air,  he  found  that 
this  latter  was  almost  wholly  free  from  magnesia. 
Hence  it  appears  that  the  material  change  ope- 
rated on  the  refractory  spathose  iron  ores  by 
exposure  to  the  air,  cither  with  or  without  a 
previous  roasting,  is  the  separation  of  the  mag- 
nesia. With  regard  to  the  mode  by  which  this 
separation  is  effected,  it  is  obvious  that  where' 
the  ore  contains  pyrites,  the  decomposition  o’f 
this  will  furnish  sulphate  of  iron,  which  coming 
in  contact  with  the  carbonated  magnesia,  will 
be  again  decomposed,  and  the  sulphate  of  mag- 
nesia hence  resulting,  will  be  washed  away  by 
the  rain.  In  confirmation  of  this  it  was  found 
that  the  washings  of  a heap  of  refractory  ore 
that  had  been  exposed  for  a long  time  to  the  air, 
actually  afforded  sulphate  of  magnesia  with  a 
little  sulphate  of  lime.  In  those  cases  where 
the  ore  contains  little  or  no  pyrites,  the  magne- 
sia appears  to  be  rendered  soluble  by  the  excess 
of  carbonic  acid,  which  is  continually  escaping 
from  the  iron  as  it  becomes  more  oxygenated. 

§ 4.  Physical  properties  of  Iron. 

In  addition  to  those  properties  already  men- 
tioned in  the  Dictionary,  it  may  be  stated  as  a 
recent  discovery,  and  one  likely  to  be  produc- 
tive of  much  practical  utility,  that  cast  iron 
when  heated  yields  readily  to  the  saw.e 

The  precautions  required  in  this  operation 
are,  that  the  piece  of  iron  should  be  heated 
equally,  for  which  purpose  a reverberatory  fur- 
nace is  much  better  than  a forge  fire  : That  the 
temperature  should  be  as  high  as  the  iron  can 
bear  without  becoming  pasty,  in  which  latter 
case  the  teeth  of  the  saw  are  obstructed,  and  the 
work  proceeds  slowly : That  two  saws  should 
be  made  use  of  if  the  piece  to  be  cut  is  of  any 
considerable  thickness,  working  with  the  first 
till  it  grows  hot,  and  then  employing  the  second 


• Ann.  de  Chim.  Ixxxii.  p.  i’18. 
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■while  an  assistant  is  cooling  the  first  in  water 
ant!  drying  it:  That  the  saw  should  be  worked 
rapidly,  steadily,  and  at  full  length.  These 
precautions  being  duly  observed,  cast  iron  may 
be  cut  by  a common  saw  with  the  same  ease  as 
dry  box-wood,  and  without  injury  to  the  tool. 

§ 5.  Chemical  properties  of  Iron. 

In  the  articles  Sulphuret  and  Affinity  in  this 
Appendix,  we  have  given  some  observations  on 
the  different  sulphurets  of  iron,  natural  and  ar- 
tificial, in  addition  to  the  very  full  notice  of  the 
subject  in  our  original  article  Iron.  We  shall 
only  here  relate  the  particulars  of  Berzelius’s 
experiments  on  this  subject,  as  they  appear  to 
have  been  undertaken  with  great  care/ 

Subsulphuret  of  Iron.  One  part  of  very 
fine  sheet  iron  almost  entirely  free  from  carbon, 
mixed  with  three  parts  of  pure  sulphur,  was 
slowly  heated  to  redness  in  a glass  retort  with 
a luted  receiver.  The  iron  when  cold  retained 
its  form,  but  was  covered  with  greenish  shining 
scales  which  readily  peeled  off.  These  scales 
were  the  subsulphuret  of  iron,  which  was 
still  magnetical  when  pulverized.  Two  parts 
of  these  scales  digested  in  nitro-muriatic  acid, 
till  dissolved,  gave  with  muriated  barytes  5.38 
parts  of  sulphat  of  barytes.  Estimating  the 
acid  of  100  parts  of  this  sulphat;  at  34,  and 
the  sulphur  of  this  34  at  13.797,  the  5.38  give 
0.742  of  sulphur  (or  37. 1 per  cent.)  in  the  sub- 
sulphuret. The  supernatant  liquor  gave  with 
ammonia  1 82  of  peroxyd  of  iron,  equal  to 
1 .26  of  metallic  iron,  and  1 .26-j-0.742~2.002, 
so  that  there  is  an  excess  of  .002  over  the  sul- 
phuret analyzed. 

The  composition-  of  this  subsulphuret  of  iron 
may  therefore  be  taken  at 

Sulphur  37.  — 58.75 

Iron  63.  — 100.00 


100  158.75 


Supersufphurct  of  Iron.  The  purest  crys- 
tallized iron  pyrites  was  taken  as  the  best  spe- 
cimen of  this  compound.  It  was  examined  by 
being  first  roasted  on  a platina  plate,  under  a 
muffle,  till  all  the  sulphur  was  expelled,  and 
the  iron  converted  to  red  oxyd^  Deducting 
the  proportion  of  metallic  iron  in  the  sulphuret 
from  that  of  the  red  oxyd,  and  estimating  the  rest 
of  the  pyrites  as  sulphur,  (abstracting  a small  pro- 
portion of  silex  which  remained  after  dissolving 
the  red  oxyd  in  muriatic  acid)  the  composition 
of  the  pure  supersulphuret  of  iron  will  give 
almost  exactly  a double  portion  of  sulphur  to 


that  in  the  subsulphuret,  being  actually  found 
to  consist  of 


Sulphur 

53.92  — 

117 

Iron 

46.08  — 

100 

100.00 

217 

If  the  sulphur  were  1 17.5  to  100  of  iron  the 
proportion  would  be  exactly  double  that  of  the 
subsulphuret. 

Though  these  proportions  are  very  well  de- 
fined, it  appears  that  there  may  be  several  in- 
termediate degrees  of  sulphuration  of  iron  when- 
prepared  artificially,  which  may  be  partly  owing 
to  a mere  solution  of  iron  in  sulphuretrof  iron, 
that  may  probably  take  place  to  an  indefinite 
extent,  and  independent  of  true  chemical  com- 
bination. 

Iron  and  Oxygen.  Few  parts  of  analytical 
chemistry  have  been  so  much  attended  to  as 
the  different  degrees  of  oxygenation  of  iron,  but 
the  discordance  between  the  results  of  several 
chemists  (which  is  not  trifling  considering  the 
pains  taken)  shews  the  difficulty  of  the  subject. 
Berzelius  has  shewn  in  a very  satisfactory  man- 
ner that  in  most  kinds  of  iron  a new  element 
must  be  taken  into  account,  namely,  Siliciumr 
which  is  obtained  from  the  siliceous  part  of  the 
flux  employed  in  the  reduction  of  iron  ores,  and 
alloys  the  iron.  See  the  article  Silicium  in 
this  Appendix  The  same  eminent  chemist 
has  also  shewn  the  difficulty  (hitherto  almost  in- 
superable) of  ascertaining  the  carbon  in  all  ma- 
nufactured iron  with  absolute  accuiacy,  owing, 
to  the  conversion  of  a portion  of  it  into  a volatile- 
black  oily  matter  which  mixes  with  the  hydro- 
gen gas  obtained  during  the  solution  of  iron. 
Therefore  whenever  a given  portion  of  the; 
purest  iron  is  converted  into  oxyd,  to  ascertain 
the  elements  of  this  oxyd  a certain  allowance 
must  be  made  for  the  carbon  which  always  is 
present,  and  for  the  silicium  which  is  generally 
present,  and  appears  in  the  form  of  silex  after 
the  action  of  acids. 

The  peroxyd  or  red  oxyd  of  iron  is  the  only 
one  in  whose  composition  the  results  of  various 
chemists  agree  with  tolerable  accuracy,  though 
even  in  this  there  is  too  much  discordancy. 

The  peroxyd  is  thus  composed,  according  to- 
Berzelius’  average  results*  on  an  analysis  in 
which  the  carbon  and  silex  are  attended  to. 

Iron  69.34  — 100.00 

Oxygen  30.66  — 44.25 

100.00  - M4.25 


f Au.  Cfcv'ai.  tom.  78, 
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Subox/yd  of  Iron  and  Blach  Oxyd.  It  has 
heen  advanced  by  Proust,  and  pretty  generally 
allowed,  that  there  are  only  two  oxyds  of 
iron,  viz.  the  red  and  the  black.  The  red  is 
the  peroxyd  just  described,  and  is  without 
question  the  highest  known  state  of  oxygenation 
of  this  metal.  It  is  equally  certain  that  a defi- 
nite oxyd  of  inferior  degree  exists,  to  which 
the  name  of  black  oxyd  may  be  given  ; but 
there  is  a good  deal  of  reason  to  conjecture  the 
existence  of  a third  oxyd,  still  lower  in  its 
proportion  of  oxygen,  to  which  therefore  the 
term  Sirboxyd  is  more  properly  applicable. 
Thenard  has  attempted  to  establish  the  exist- 
ence of  this  oxyd,  and  we  shall  also  find  that 
the  hypothesis  of  definite  proportions  (explained 
in  the  article  Affinity  in  this  Appendix)  renders 
this  still  more  probable,  as  it  will  correspond 
to  an  oxyd  consisting  of  an  atom  of  iron  to  an 
atom  of  oxygen,  the  black  oxyd  being  two 
atoms  of  oxygen  to  one  of  iron,  and  the  red 
oxyd  three  atoms  of  oxygen  to  one  of  iron. 
We  shall  however  drop  the  consideration  of 
this  lowest  oxyd,  and  only  mention  the  Black 
Oxyd,  Snboxyd,  or  Oxidulum  of  Iron , as 
commonly  received. 

This  black  oxyd  is  the  base  of  the  Green 
Sit  Ip  hat  of  Iron,  and  its  elements  have  been 
estimated  by  Buckholz,  at  23  oxygen  in  100 
of  oxyd,  or  29.88  oxygen  on  100  of  metal. 
Berzelius  analyzed  this  in  the  following  way  : 
some  green  sulphat  of  iron  was  made  by  dis- 
solving sulphuret  of  iron  in  dilute  sulphuric 
acid,  crystallizing  the  salt  and  washing  it  with 
alcohol,  to  separate  the  adhering  liquor,  and 
drying  it  in  a moderate  warmth  on  blotting 
paper.  Ten  parts  of  this  crystallized  salt  were 
heated  by  themselves  in  a retort,  in  a heat  below 
redness,  by  which  4.05  parts  of  water  were 
expelled.  The  heat  was  then  raised  to  redness, 
till  ail  the  sulphuric  acid  was  driven  off,  during 
which  the  oxyd  passed  to  the  state  of  red  oxyd, 
which  weighed  2.82,  equal  to  J.95  metallic 
iron.  The  sulphuric  acid  in  10  parts  of  this 
salt  had  been  found  by  a previous  experiment 
with  a barytic  salt,  to  amount  to  2.842,  so 
that  the  acid,  the  iron,  and  the  water  together, 
amounted  to  9.422,  leaving  0.578  for  the  oxy- 
gen combined  with  the  iron  ; which  gives  an 
oxydation  of  29.6  oxygen  to  100.  of  iron,  or 
very  nearly  the  same  as  that  given  by  Richter. 
As  29.5  of  oxygen  will  exactly  accord  with  a 
definite  proportion,  this  number  may  be  assumed 
without  much  error,  and  therefore  the  black 
exyd  of  iron  will  consist  of 


Iron  77.22  — 

Oxygen  22.78  — 

100.00  129.5 

Therefore  the  oxygen  of  the  black  oxyd  is  to 
that  of  the  red  oxyd  as  1:1 1 to  a given  quantity 
of  iron;  for  29. 5X  ly— 44.25. 

If  a lower  degree  of  oxydation  of  iron  is 
found,  it  may  be  expected  to  be  in  the  propor- 
tion of  14.75  of  oxygen  to  100.  of  iron,  and 
then  the  black  oxyd  will  contain  two  proportions 
of  oxygen,  or  14.75x2=29.5,  and  the  red 
oxyd,  three  proportions,  or  14.75x5— 44.25. 

But  M.  Gay  Lussac  is  stated  to  have  lately 
given  a memoir  on  the  subject  of  the  oxyds  of 
iron,  in  which,  as  we  learn  from  a short  extract^ 
he  shews  the  existence  of  three  distinct  oxyds, 
but  instead  of  finding  a lower  degree  than  that 
of  the  black  oxyd  just  described,  he  states  an  in- 
termediate oxyd  between  this  and  the  red  oxyd. 
As  we  have  not  the  particulars  of  the  experi- 
ments, we  shall  only  mention  that  the  three 
oxyds  have  respectively  to  100.  of  iron  28.3, 
37.8,  and  42. SI  of  oxygen.  The  lowest  of 
these,  which  he  terms  while  oxyd , he  states  to 
be  obtained  when  iron  decomposes  water  by 
the  assistance  of  acids,  but  without  the  acid 
itself  being  changed,  as  when  iron  is  dissolved 
in  dilute  sulphuric  or  muriatic  acid.  It  is  the 
base  of  the  green  sulphat  of  iron.  The  solu- 
tions of  this  oxyd  are  precipitated  white  by  fixed 
alkalies,  and  by  prussiat  of  potash  ; ammonia 
dissolves  it  copiously.  The  next  oxyd,  or  that 
of  57.8  oxygen,  is 'produced  when  iron  is  burnt 
in  oxvgen  gas,  or  when  water  alone  is  decom- 
posed over  red  hot  iron.  It  is  called  here  the 
black  oxyd.  This  oxyd  is  separated  of  a deep 
brown  by  alkalies,  or  of  a green,  when  much 
diluted.  It  is  v.ery  magnetical,  gives  blue  pre- 
cipitates with  the  prusaiats,  and  a black  with 
galls,  is  soluble  in  ammonia  though  less,  than 
the  last  mentioned  oxyd,  and  also  in  the  supercar- 
bonated  alkalies.  The  next  oxyd  is  the  satu- 
rated or  red  oxyd  of  42.51  oxygen,  universally 
known,  and  is  best  obtained  by  passing  vapours 
of  nitric  acid  over  iron.  When  the  middle  of 
these  three  oxyds  (or  black  oxyd  according  to 
the  author)  is  dissolved  in  sulphuric  acid,  and 
the  solution  crystallizes,  the  crystals  are  the 
green  sulphat,  the  base  of  which  is  the  white 
oxyd,  and  red  sulphat  remains  in  solution,  so 
that  the  oxygen  of  the  black  oxyd  divides  un- 
equally, and  both  a higher  and  lower  oxyd  are 
produced. 


* Ann.  Chem.  tom.  lxxx.  p.  163, 
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The  particulars  of  this  memoir  will  doubtless 
be  highly  interesting.  We  may  observe  that 
these  numbers  expressing  the  degrees  of  oxyda- 
tion,  do  not  very  much  deviate  from  a propor- 
tion in  which  the  common  divisor  is  7.07,  in 
which  case  the  white  oxyd  would  contain  4 pro- 
portions (28.28),  the  black  oxyd  5 proportions 


(35.35),  and  the  red  oxyd  6 proportions  (42  42). 

At  all  events  the  concurring  experiments  of 
all  later  enquirers  seem  to  prove  at  least  two 
oxyds  of  iron,  one  of  which  consists  of  about 
28.  oxygen  to  100  of  metal,  and  the  other  (which 
is  the  red  or  peroxyd)  contains  this  propor- 
tion or  about  42  oxygen  to  100  of  metal. 
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